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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work.

The procedures used to develop this document and those intended for its further maintenance are
escribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needegd for the
ifferent types of document should be noted.

Q. QO

50 and IEC draw attention to the possibility that the implementation of this doeument may inyolve the
se of (a) patent(s). ISO and IEC take no position concerning the evidence, validity or applicability of any
laimed patent rights in respect thereof. As of the date of publication of this document, ISO and| IEC had
eceived notice of (a) patent(s) which may be required to implement this document. However,
mplementers are cautioned that this may not represent the latestinformation, which may be pbtained
fom the patent database available at www.iso.org/patents and https://patents.iec.ch. ISO and [EC shall
ot be held responsible for identifying any or all such patent rights.
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T

ny trade name used in this document is information given for the convenience of users and floes not
onstitute an endorsement.

(@)

or an explanation of the voluntary nature ofistandards, the meaning of ISO specific terms and
xpressions related to conformity assessment;;as well as information about ISO's adherence to the World
rade Organization (WTO) principless in the Technical Barriers to Trade| (TBT)
ee www.iso.org/iso/foreword.html. Inthe IEC, see www.iec.ch/understanding-standards.
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his document was prepared by FFU-T (as ITU-T H.222.0) and drafted in accordance with its pditorial
ules, in collaboration with Joint Technical Committee ISO/IEC JTC1, Information tedhnology,
ubcommittee SC 29, Coding-afaudio, picture, multimedia and hypermedia information.

L=

This ninth edition cancels’ and replaces the eighth edition (ISO/IEC 13818-1:2022), which has been
echnically revised. lth\also incorporates the Amendment ISO/IEC 13818-1:2022/Amd 1:2023 and the
echnical Corrigendum ISO/IEC 13818-1:2022/Cor 1:2023.

—

The main changes are as follows:

-+ updates references to ISO/IEC 14496-1 where clause numbering and field naming has changed;

-+<clarifies a reference to ISO/IEC 23008-3, where the field 3dAudioScenelnfolD is named diffgrently;

— removes semantic definitions for fields that do not exist in the respective syntax table (Table 2-123);
— improves the semantic definition for HDR_WCG_idc equal to '0';

— corrects a mismatch in field size between syntax table and semantic definition of
SubstreamOffset[K][j][i];

— corrects a misleading semantic definition of the media_description_flag for the Media_service_kind
descriptor.

© ISO/IEC 2023 - All rights reserved iii


https://www.iso.org/iso-standards-and-patents.html
https://patents.iec.ch/
https://www.iso.org/foreword-supplementary-information.html
https://www.iec.ch/understanding-standards
https://standardsiso.com/api/?name=d976a73236130e03c15e87bc0324abc2

ISO/IEC 13818-1:2023(E)

Alist of all parts in the ISO/IEC 13818 series can be found on the ISO and IEC websites.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html and www.iec.ch/national-
committees.
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Introduction

The systems part of this Recommendation | International Standard addresses the combining of one or more elementary
streams of video and audio, as well as other data, into single or multiple streams which are suitable for storage or
transmission. Systems coding follows the syntactical and semantic rules imposed by this Specification and provides
information to enable synchronized decoding of decoder buffers over a wide range of retrieval or receipt conditions.

System coding shall be specified in two forms: the transport stream and the program stream. Each is optimized for a
different set of applications. Both the transport stream and program stream defined in this Recommendation | International
Standard provide coding syntax which is necessary and sufficient to synchronize the decoding and presentation of the
video and audio information, while ensuring that data buffers in the decoders do not overflow or underflow. Information
is coded in the syntax using time stamps concerning the decoding and presentation of coded audio and visual data and
time stamps concerning the delivery of the data stream itself. Both stream definitions are packet-oriented multiplexes.

The basic multiplexing approach for single video and audio elementary streams is illustrated in Figure Intro. 1. Théyideo
and qudio data is encoded as described in Rec. ITU-T H.262 | ISO/IEC 13818-2 and ISO/IEC 13818-3. The, resylting
compressed elementary streams are packetized to produce PES packets. Information needed to use.PES pafkets
indeiendently of either transport streams or program streams may be added when PES packets are“formed. |This
infomation is not needed and need not be added when PES packets are further combined with systemtlevel informption
to form transport streams or program streams. This systems standard covers those processes to theyright of the veftical
dashgd line.

Video data ! Packetizer Video PES Program
I

stream
PS |stream

. | .
Audio data Packetizer Audio PES Mux

A 4

|

|

|

|

|

| L » Transport
| TS | stream
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|
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L] >

H.222.0(12)_F01

Figure Intro. 1 — Simplified overview-of the scope of this Recommendation | International Standard

The program stream is analogous ahd)similar to the ISO/IEC 11172 systems layer. It results from combining one or more
streams of PES packets, which have a common time base, into a single stream.

For gpplications that require.the elementary streams that comprise a single program to be in separate streams that arg not
multjplexed, the elementary: Streams can also be encoded as separate program streams, one per elementary stream, with a
comimon time base. In this case the values encoded in the SCR fields of the various streams shall be consistent.

Like|the single program stream, all elementary streams can be decoded with synchronization.

The program:stream is designed for use in relatively error-free environments and is suitable for applications which{ may
involve softWare processing of system information such as interactive multi-media applications. Program stream pafkets
may [pe_ef variable and relatively great length.

The transport stream combines one or more programs with one or more independent time bases into a single stream. PES
packets made up of elementary streams that form a program share a common time base. The transport stream is designed
for use in environments where errors are likely, such as storage or transmission in lossy or noisy media. Transport stream
packets are 188 bytes in length.

Program and transport streams are designed for different applications and their definitions do not strictly follow a layered
model. It is possible and reasonable to convert from one to the other; however, one is not a subset or superset of the other.
In particular, extracting the contents of a program from a transport stream and creating a valid program stream is possible
and is accomplished through the common interchange format of PES packets, but not all of the fields needed in a program
stream are contained within the transport stream; some must be derived. The transport stream may be used to span a range
of layers in a layered model, and is designed for efficiency and ease of implementation in high bandwidth applications.
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The scope of syntactical and semantic rules set forth in the systems specification differs: the syntactical rules apply to
systems layer coding only, and do not extend to the compression layer coding of the video and audio specifications; by
contrast, the semantic rules apply to the combined stream in its entirety.

The systems specification does not specify the architecture or implementation of encoders or decoders, nor those of
multiplexors or demultiplexors. However, bit stream properties do impose functional and performance requirements on
encoders, decoders, multiplexors and demultiplexors. For instance, encoders must meet minimum clock tolerance
requirements. Notwithstanding this and other requirements, a considerable degree of freedom exists in the design and
implementation of encoders, decoders, multiplexors, and demultiplexors.

Intro. 1 Transport stream

The transport stream is a stream defrnltron whrch is tarlored for communrcatmg or stormg one or more programs of coded
hich

br be
Sport
arate

with

independent time bases such that the overall bit rate is variable. Refer to 2.4.2.3.

The fransport stream may be constructed by any method that results in a valid stream At is*possible to construct trangport
streans containing one or more programs from elementary coded data streams, from’program streams, or from pther
trangport streams which may themselves contain one or more programs.

The fransport stream is designed in such a way that several operations on adransport stream are possible with minifnum
effort. Among these are:

1) Retrieve the coded data from one program within thetransport stream, decode it and present the degoded
results as shown in Figure Intro. 2.

2) Extract the transport stream packets from one program within the transport stream and produce as ofitput
a different transport stream with only that one program as shown in Figure Intro. 3.

3) Extract the transport stream packets of-one or more programs from one or more transport streamg and
produce as output a different transport stréam (not illustrated).

4) Extract the contents of one program-from the transport stream and produce as output a program stfeam
containing that one program as shewn in Figure Intro. 4.

5) Take a program stream, convert it into a transport stream to carry it over a lossy environment, and|then
recover a valid, and in certain cases, identical program stream.

Figufe Intro. 2 and Figure Intro, 3 illustrate prototypical demultiplexing and decoding systems which take as input a
trangport stream. Figure Intro. 2 illustrates the first case, where a transport stream is directly demultiplexed and decdded.
Tranpport streams are constructed in two layers:

— asystem tayer; and
— acompression layer.

The [nput stream.to the transport stream decoder has a system layer wrapped about a compression layer. Input streains to
the Video and atidio decoders have only the compression layer.

Opetfations performed by the prototypical decoder which accepts transport streams either apply to the entire tranpport
stregm-(’multiplex-wide operations™), or to individual elementary streams ("stream-specific operations”). The tranpport
stream system Tayer Is divided Into two sub-Tayers, one for multiplex-wide operations (the transport stream packet Tayer),
and one for stream-specific operations (the PES packet layer).

A prototypical decoder for transport streams, including audio and video, is also depicted in Figure Intro. 2 to illustrate the
function of a decoder. The architecture is not unique — some system decoder functions, such as decoder timing control,
might equally well be distributed among elementary stream decoders and the channel-specific decoder — but this figure is
useful for discussion. Likewise, indication of errors detected by the channel-specific decoder to the individual audio and
video decoders may be performed in various ways and such communication paths are not shown in the diagram. The
prototypical decoder design does not imply any normative requirement for the design of a transport stream decoder.
Indeed non-audio/video data is also allowed, but not shown.
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Figure Intro. 2 — Prototypical transport demultiplexing and decoding example

Figu
trans
prog

Figu

a pra

Figu
of tr

the ¢

all o

Intr

The
othe

majq

Prog

ram clock reference (PCR) values to account for changes in the PCR locations in the bit stream.
i Transport stream
Channel , Char(‘j’;i'(;g%‘:c'f'c » demultiplex and —S<»
decoder
Transport stream Transport strgam

containing multiple programs with single program
H.222.0(12)_F03

Figure Intro. 3 — Prototypical transport multiplexing example

e Intro. 4 illustrates a case in which a multi-program transport stream is first demultiplexed and then converted
gram stream.

res Intro. 3 and Intro. 4 indicate that it is possible and reasonable to convert between different types and configura

pnversions illustrated. There is no requirement that specific implementations of demultiplexors or decoders in
these functions.

Transport stream
demultiplex and program | ———»

decoder / stream multiplexor /
Transport stream Program stream
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Channel .| Channel-specific
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Figure Intro. 4 — Prototypical transport stream to program stream conversion

. 2 Program stream

program streamdis a stream definition which is tailored for communicating or storing one program of coded dat
data in environments where errors are very unlikely, and where processing of system coding, e.g., by software
r consideration.

Fam streams may be either fixed or variable rate. In either case, the constituent elementary streams may be 4

e Intro. 3 illustrates the second case, where a transport stream containing multiple programs is converted-ipto a
port stream containing a single program. In this case the re-multiplexing operation may necessitate the correctipn of

into

tions

nsport streams. There are specific fields defined in the transport stream and program stream syntax which facilitate

lude

h and
,isa

ither

fixe

or-variable rate. The syntax and semantics constraints on the stream are identical in each case. The program s

eam

rate is defined by the values and locations of the system clock reference (SCR) and mux_rate fields.

A prototypical audio/video program stream decoder system is depicted in Figure Intro. 5. The architecture is not unique
— system decoder functions including decoder timing control might as equally well be distributed among elementary
stream decoders and the channel-specific decoder — but this figure is useful for discussion. The prototypical decoder
design does not imply any normative requirement for the design of a program stream decoder. Indeed, non-audio/video

data

XVi

is also allowed, but not shown.
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Figure Intro. 5 — Prototypical decoder for program streams

The prototypical decoder for program streams shown in Figure Intro. 5 is composed of system, video and audie’decdders
confprming to Parts 1, 2 and 3, respectively, of ISO/IEC 13818. In this decoder, the multiplexed coded répresentatipn of
one pr more audio and/or video streams is assumed to be stored or communicated on some channgllifi some chapnel-
specific format. The channel-specific format is not governed by this Recommendation | International Standard, nor {s the
chanhel-specific decoding part of the prototypical decoder.

The prototypical decoder accepts as input a program stream and relies on a program streamydecoder to extract timing
infofmation from the stream. The program stream decoder demultiplexes the stream,~and the elementary streams so
prodpced serve as inputs to video and audio decoders, whose outputs are decoded video and audio signals. Includgd in
the design, but not shown in the figure, is the flow of timing information among theprogram stream decoder, the \ideo
and gudio decoders, and the channel-specific decoder. The video and audio dec¢oders are synchronized with each pther
and (vith the channel using this timing information.

Progfam streams are constructed in two layers: a system layer and a compression layer. The input stream to the program
streain decoder has a system layer wrapped about a compression layer.~Input streams to the video and audio decdders
have|only the compression layer.

Opetfations performed by the prototypical decoder either.apply to the entire program stream ("multiplex{wide
opergtions™), or to individual elementary streams (“streamsspecific operations”). The program stream system layer is
divided into two sub-layers, one for multiplex-wide operations (the pack layer), and one for stream-specific operations
(the PES packet layer).

Intre. 3 Conversion between transport.stréam and program stream

It may be possible and reasonable to convert:between transport streams and program streams by means of PES padkets.
This|results from the specification of transport stream and program stream as embodied in 2.4.1 and 2.5.1 of the normigtive
requ{rements of this Recommendationy| International Standard. PES packets may, with some constraints, be mapped
direqtly from the payload of one maltiplexed bit stream into the payload of another multiplexed bit stream. It is possible
to idpntify the correct order of PES packets in a program to assist with this if the program_packet_sequence_counger is
presgnt in all PES packets.

Certgin other informatioen_recessary for conversion, e.g., the relationship between elementary streams, is availalle in
tables and headers in40th’streams. Such data, if available, shall be correct in any stream before and after conversion.

Intr¢. 4 Packetized elementary stream

Trangport streams and program streams are each logically constructed from PES packets, as indicated in the syntax
defirfitions in2.4.3.6. PES packets shall be used to convert between transport streams and program streams; in some gases
the HES-packets need not be modified when performing such conversions. PES packets may be much larger than the size
of a transportstreanT packet:

A continuous sequence of PES packets of one elementary stream with one stream ID may be used to construct a PES
Stream. When PES packets are used to form a PES stream, they shall include elementary stream clock reference (ESCR)
fields and elementary stream rate (ES_Rate) fields, with constraints as defined in 2.4.3.8. The PES stream data shall be
contiguous bytes from the elementary stream in their original order. PES streams do not contain some necessary system
information which is contained in program streams and transport streams. Examples include the information in the pack
header, system header, program stream map, program stream directory, program map table, and elements of the transport
stream packet syntax.
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The PES stream is a logical construct that may be useful within implementations of this Recommendation | International
Standard; however, it is not defined as a stream for interchange and interoperability. Applications requiring streams
containing only one elementary stream can use program streams or transport streams which each contain only one
elementary stream. These streams contain all of the necessary system information. Multiple program streams or transport
streams, each containing a single elementary stream, can be constructed with a common time base and therefore carry a
complete program, i.e., with audio and video.

Intro. 5 Timing model

Systems, video and audio all have a timing model in which the end-to-end delay from the signal input to an encoder to
the signal output from a decoder is a constant. This delay is the sum of encoding, encoder buffering, multiplexing,
communication or storage, demultiplexing, decoder buffering, decoding, and presentation delays. As part of this timing
model all video pictures and audio samples are presented exactly once, unless specifically coded to the contrary, and the
intertpicture interval and audio sample rate are the same at the decoder as at the encoder. The system stream-cqding
contgins timing information which can be used to implement systems which embody constant end-to-end delay | It is
poss|ble to implement decoders which do not follow this model exactly; however, in such cases it is the-decdder's
respgnsibility to perform in an acceptable manner. The timing is embodied in the normative specifications of| this
Recgmmendation | International Standard, which must be adhered to by all valid bit streams, regardleSs/of the meaps of
creafing them.

All timing is defined in terms of a common system clock, referred to as a system time clock (STE):1n the program stfeam
this ¢lock may have an exactly specified ratio to the video or audio sample clocks, or it may(have an operating freqyency
differs slightly from the exact ratio while still providing precise end-to-end timing:and clock recovery.

In the transport stream the system clock frequency is constrained to have the exactly-specified ratio to the audio and Yideo
sample clocks at all times; the effect of this constraint is to simplify sample rate reeovery in decoders.

Intr¢. 6 Conditional access

Encryption and scrambling for conditional access to programs encoded4n the program and transport streams is suppprted
by the system data stream definitions. Conditional access mechanisms.are not specified here. The stream definitions are
designed so that implementation of practical conditional access Systems is reasonable, and there are some syntagtical
elements specified which provide specific support for such systems.

Intre. 7 Multiplex-wide operations

Multiplex-wide operations include the coordination ef\data retrieval of the channel, the adjustment of clocks, anfl the
manggement of buffers. The tasks are intimately related. If the rate of data delivery of the channel is controllable,[then
data [delivery may be adjusted so that decoder-buffers neither overflow nor underflow; but if the data rate i$ not
contiollable, then elementary stream decoders-must slave their timing to the data received from the channel to gvoid
overflow or underflow.

Program streams are composed of packs'whose headers facilitate the above tasks. Pack headers specify intended tines at
ich each byte is to enter the program stream Decoder from the channel, and this target arrival schedule serveq as a
referpnce for clock correction and-buffer management. The schedule need not be followed exactly by decoders, but{they
must compensate for deviations/about it.

Similarly, transport stréams are composed of transport stream packets with headers containing information which
specifies the times at\which each byte is intended to enter a transport stream decoder from the channel. This sch¢dule
provjdes exactly the‘same function as that which is specified in the program stream.

An afditional multiplex-wide operation is a decoder's ability to establish what resources are required to decode a tranpport
stream or, pragram stream. The first pack of each program stream conveys parameters to assist decoders in this Jtask.
Inclyded, for example, are the stream's maximum data rate and the highest number of simultaneous video channels| The
transpart’stream likewise contains globally useful information

The transport stream and program stream each contain information which identifies the pertinent characteristics of, and
relationships between, the elementary streams which constitute each program. Such information may include the language
spoken in audio channels, as well as the relationship between video streams when multi-layer video coding is
implemented.

Intro. 8 Individual stream operations (PES packet layer)

The principal stream-specific operations are:
1) demultiplexing; and
2) synchronizing playback of multiple elementary streams.

xviii Rec. ITU-T H.222.0 v9 (08/2023) © ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=d976a73236130e03c15e87bc0324abc2

ISO/IEC 13818-1:2023

Intro. 8.1 Demultiplexing

On encoding, program streams are formed by multiplexing elementary streams, and transport streams are formed by
multiplexing elementary streams, program streams, or the contents of other transport streams. Elementary streams may
include private, reserved, and padding streams in addition to audio and video streams. The streams are temporally
subdivided into packets, and the packets are serialized. A PES packet contains coded bytes from one and only one
elementary stream.

In the program stream both fixed and variable packet lengths are allowed subject to constraints as specified in 2.5.1
and 2.5.2. For transport streams the packet length is 188 bytes. Both fixed and variable PES packet lengths are allowed,
and will be relatively long in most applications.

On decoding, demultiplexing is required to reconstitute elementary streams from the multiplexed program stream or

transpe eam—Stream—id-codes-in-program-stream-packet-headers—and-packet HD-codesin-thetranspg ear-make
this possible.
Intr¢. 8.2 Synchronization

Syndhronization among multiple elementary streams is accomplished with presentation time stamaps (PTSSs) i:lw the
progfam stream and transport streams. Time stamps are generally in units of 90 kHz, but the system’ clock refefence
(SCR), the program clock reference (PCR) and the optional elementary stream clock reference (ESCR) have extengions
with(a resolution of 27 MHz. Decoding of N-elementary streams is synchronized by adjusting the decoding of streans to
a corpmon master time base rather than by adjusting the decoding of one stream to match that of another. The master{time
base|may be one of the N-decoders' clocks, the data source's clock, or it may be some extérnal clock.

Each program in a transport stream, which may contain multiple programs, may have'its own time base. The time pases
of different programs within a transport stream may be different.

Becquse PTSs apply to the decoding of individual elementary streams, they,reside in the PES packet layer of both the
trangport streams and program streams. End-to-end synchronization occdrs)when encoders save time stamps at capture
time| when the time stamps propagate with associated coded data to decaders, and when decoders use those time stamps
to schedule presentations.

Syndhronization of a decoding system with a channel is achieve@through the use of the SCR in the program streanp and
by it$ analogue, the PCR, in the transport stream. The SCR and.PCR are time stamps encoding the timing of the bit stream
itself, and are derived from the same time base used for the“audio and video PTS values from the same program. $ince
each|program may have its own time base, there are separate PCR fields for each program in a transport stream contajning
multjple programs. In some cases it may be possible\for programs to share PCR fields. Refer to 2.4.4, program-spgcific
information (PSI), for the method of identifying which PCR is associated with a program. A program shall have ong¢ and
onlyfone PCR time base associated with it.

Intr¢. 8.3 Relation to compression layer

The PES packet layer is independent-0f the compression layer in some senses, but not in all. It is independent in the gense
that PES packet payloads need not start at compression layer start codes, as defined in Parts 2 and 3 of ISO/IEC 13818.
For gxample, video start codessmay occur anywhere within the payload of a PES packet, and start codes may be split by
a PEP packet header. However; time stamps encoded in PES packet headers apply to presentation times of compregsion
layer| constructs (hamely; presentation units). In addition, when the elementary stream data conforms to Rec. ITU-T H.262
| ISQ/IEC 13818-2 ©r)ISO/IEC 13818-3, the PES packet data bytes shall be byte aligned to the bytes off this
Recgmmendation |lnternational Standard.

Intr¢. 9 System reference decoder

Part [L of1SO/IEC 13818 employs a "system target decoder” (STD), one for transport streams (refer to 2.4.2) referrpd to
as "trahsport system target decoder" (T-STD) and one for program streams (refer to 2.5.2) referred to as "program syjstem
targetdecoder™ (P-STD), T0 provide a formalism Tor timing and buffering refationsnips. Because the S TD 1S parameterized
in terms of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 fields (for example, buffer sizes) each elementary stream leads to its
own parameterization of the STD. Encoders shall produce bit streams that meet the appropriate STD's constraints.
Physical decoders may assume that a stream plays properly on its STD. The physical decoder must compensate for ways
in which its design differs from that of the STD.

Intro. 10 Applications

The streams defined in this Recommendation | International Standard are intended to be as useful as possible to a wide
variety of applications. Application developers should select the most appropriate stream.
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Modern data communications networks may be capable of supporting Rec. ITU-T H.222.0 | ISO/IEC 13818-1 video and
ISO/IEC 13818 audio. A real-time transport protocol is required. The program stream may be suitable for transmission
on such networks.

The program stream is also suitable for multimedia applications on CD-ROM. Software processing of the program stream
may be appropriate.

The transport stream may be more suitable for error-prone environments, such as those used for distributing compressed
bit-streams over long-distance networks and in broadcast systems.

Many applications require storage and retrieval of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstreams on various digital
storage media (DSM). A digital storage media command and control (DSM-CC) protocol is specified in Annex B and
Part 6 of ISO/IEC 13818 in order to facilitate the control of such media.
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SECTION 1 - GENERAL
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Recemmendation-Hnternational-Standard-specifies-the-system-layerof-the-coding—H-was-developed-prncipa
brt the combination of the video and audio coding methods defined in Parts 2 and 3 of ISO/IEC 13818. The sy
supports six basic functions:

1) the synchronization of multiple compressed streams on decoding;

2) the interleaving of multiple compressed streams into a single stream;
3) the initialization of buffering for decoding start up;

4) continuous buffer management;

5) time identification;

6) multiplexing and signalling of various components in a system streamy

c. ITU-T H.222.0 | ISO/IEC 13818-1 multiplexed bit stream is either a transport stream or a program stream.
s are constructed from PES packets and packets containing other necessary, information. Both stream types su
plexing of video and audio compressed streams from one program with’a common time base. The transport st

ly to
stem

Both
bport
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addifionally supports the multiplexing of video and audio compressed streams from multiple programs with independent
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1.2.1

bases. For almost error-free environments the program stream.is generally more appropriate, supporting soft
pssing of program information. The transport stream is more suitable for use in environments where errors are li

c. ITU-T H.222.0 | ISO/IEC 13818-1 multiplexed bit stream, whether a transport stream or a program strea
ructed in two layers: the outermost layer is the system layer, and the innermost is the compression layer. The sy
provides the functions necessary for using one or, mgre compressed data streams in a system. The video and
of this Specification define the compression coding Tayer for audio and video data. Coding of other types of d
efined by this Specification, but is supported.by)the system layer provided that the other types of data adhere t
raints defined in 2.7.

Normative references

following Recommendations andiInternational Standards contain provisions which, through reference in this
itute provisions of this Recommendation | International Standard. At the time of publication, the editions indi
valid. All Recommendations and Standards are subject to revision, and parties to agreements based on
mmendation | International Standard are encouraged to investigate the possibility of applying the most recent eg
e Recommendations-and Standards listed below. Members of IEC and ISO maintain registers of currently
hational Standards:)The Telecommunication Standardization Bureau of the ITU maintains a list of currently
T Recommendations.

Identical Recommendations | International Standards
-\~ Recommendation ITU-T H.262 (2012) | ISO/IEC 13818-2:2013, Information technology — Generic cd

of moving pictures and associated audio information: Video.

\are
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m, is
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valid
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—  Recommendation ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Information technology — JPEG
image coding system: Core coding system.

122 Paired Recommendations | International Standards equivalent in technical content

—  Recommendation ITU-T H.264 (2019), Advanced video coding for generic audiovisual services.

2000

ISO/IEC 14496-10:2020, Information technology — Coding of audio-visual objects — Part 10: Advanced

video coding.
—  Recommendation ITU-T H.265 (2019), High efficiency video coding.

ISO/IEC 23008-2:2020, Information technology — High efficiency coding and media delivery in

heterogeneous environments — Part 2: High efficiency video coding.
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Recommendation. ITU-T H.273 (2021), Coding-independent code points for video signal type
identification.

ISO/IEC 23091-2:2021, Information technology — Coding-independent code points — Part 2: Video.

Recommendation ITU-T T.171 (1996), Protocols for interactive audiovisual services: coded
representation of multimedia and hypermedia objects.

ISO/IEC 13522-1:1997, Information technology — Coding of Multimedia and Hypermedia information —
Part 1: MHEG object representation — Base notation (ASN.1).

Recommendation ITU-T H.266 (2020), Versatile video coding.

ISO/IEC 23090-3:2021, Information technology — Coded Representation of Immersive Media — Part 3:
Versatile video coding.

Additional references

Recommendation ITU-T H.2/74 (2020), Versatile supplemental enhancement information messages for
coded video bitstreams.

ISO/IEC 23002-7:2021 — Information Technology — MPEG Video technologies — Part’ 7:-Vergatile
supplemental enhancement information messages for coded video bitstreams.

Recommendation ITU-R BT.709-6 (2015), Parameter values for the HDTV standards for production and
international programme exchange.

Recommendation ITU-R BT.1886 (2011), Reference electro-optical transfer function for flat panel
displays used in HDTV studio production.

Recommendation ITU-R BT.2020 (2015), Parameter values for, ultra-high definition television sygtems
for production and international programme exchange.

Recommendation ITU-R BT.2100-2 (2018), Image parametér values for high dynamic range television
for use in production and international programme exchange.

I1SO 639-2:1998, Codes for the representation of names of languages — Part 2: Alpha-3 code.

ISO 8859-1:1998, Information technology — 8-bitsingle-byte coded graphic character sets — Part 1: Latin
alphabet No. 1.

ISO 15706-1:2002, Information and documentation — International Standard Audiovisual Number (IBAN)
— Part 1: Audiovisual work identifier.

ISO 15706-2:2007, Information and documentation — International Standard Audiovisual Number (IBAN)
— Part 2: Version identifier.

ISO/IEC 11172-1:1993, Information technology — Coding of moving pictures and associated audip for
digital storage media at up to"about 1,5 Mbit/s — Part 1: Systems.

ISO/IEC 11172-2:1993; Information technology — Coding of moving pictures and associated audip for
digital storage media-at up to about 1,5 Mbit/s — Part 2: Video.

ISO/IEC 11172-3:1993, Information technology — Coding of moving pictures and associated audip for
digital stordge media at up to about 1,5 Mbit/s — Part 3: Audio.

ISO/IEE.13818-3:1998, Information technology — Generic coding of moving pictures and associated qudio
information — Part 3: Audio.

ISQJ/IEC 13818-6:1998, Information technology — Generic coding of moving pictures and associated gqudio
information — Part 6: Extensions for DSM-CC.

ISO/IEC 13818-7:2006, Information technology — Generic coding of moving pictures and associated qudio
information — Part 7: Advanced Audio Coding (AAC).

ISO/IEC 13818-11:2004, Information technology — Generic coding of moving pictures and associated
audio information — Part 11: IPMP on MPEG-2 systems.

ISO/IEC 14496-1:2010, Information technology — Coding of audio-visual objects — Part 1: Systems.
ISO/IEC 14496-2:2004, Information technology — Coding of audio-visual objects — Part 2: Visual.
ISO/IEC 14496-3:2019, Information technology — Coding of audio-visual objects — Part 3: Audio.

ISO/IEC 14496-17:2006, Information technology, Coding of audio-visual objects — Part 17: Streaming
text format.

ISO/IEC 21122-1:2019, JPEG XS low-latency lightweight image coding system — Part 1: Core coding
system.
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— ISO/IEC 21122-2:2019, JPEG XS low-latency lightweight image coding system — Part 2: Profiles and
buffer models.

— ISO/IEC 21122-3:2019, JPEG XS low-latency lightweight image coding system — Part 3: Transport and
container formats.

— ISO/IEC 23001-8:2016, Information technology — MPEG systems technologies — Part 8: Coding-
independent code-points.

— ISO/IEC 23001-10:2020, Information technology — MPEG systems technologies — Part 10: Carriage of
timed metadata metrics of media in 1ISO base media file format.

— ISO/IEC 23001-11:2019, Information technology — MPEG systems technologies — Part 11:
Energy-efficient media consumption (Green Metadata).

ICAONCA 290N 19:.9010 loforoootiaon + haaolann MNP C
oMM ZoUU I IZ ZUI0, mormatrorCoImoToygy WiT =

Variants.

— ISO/IEC 23001-13:2019, Information technology — MPEG systems technologies — Part,13. Media
Orchestration.

— ISO/IEC 23003-3:2020, Information technology — MPEG audio technologies — Part 3; Unified speech and
audio coding.

— ISO/IEC 23003-4:2020, Information technology — MPEG audio technologies *\Part 4: Dynamic Range
Control.

— ISO/IEC 23008-3:2019, Information technology — High efficiency_coding and media delivefty in
heterogeneous environments — Part 3: 3D audio.

— ISO/IEC 23091-2:2019, Coding-independent code points — Part 2: Video.
— ISO/IEC 23094-1:2020, Information technology — General video-coding — Part 1: Essential video coding

ot + bhoaoloanioc Dot 2: C I
SyStCmS—tCCmoTogIcs rarc . J p e

— ISO/IEC 23094-2:2021, Information technology — General video coding — Part 2: Low complexity
enhancement video coding.

— ANSI/SCTE 35 (2019), Digital Program Insertion €uéing Message for Cable.

— IETFBCP47: IETF RFC 4647 (2006) Matchingef-Language Tags combined with IETF RFC 5646 (2p09),
Tags for Identifying Languages.

— IETF RFC 3986 (2005), Uniform Resourcesldentifier (URI): Generic Syntax.
— |ETF RFC 5484 (2009), Associating (Fime-Codes with RTP Streams.
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SECTION 2 - TECHNICAL ELEMENTS

2.1 Definitions

For the purposes of this Recommendation | International Standard, the following definitions apply. If specific to a Part,
this is parenthetically noted.

211 access unit (system): A coded representation of a presentation unit. In the case of audio, an access unit is the
coded representation of an audio frame, whereby each audio frame carries data from one or more audio channels; an audio
frame may carry for example one mono channel, or two stereo channels or seven surround sound channels.

In the case of video, an access unit includes all the coded data for a picture, and any stuffing that follows it, up to but not
including the start of the next access unit. If a picture is not preceded by a group start code or a sequence header code,
the pccess unit begins with the picture start code. If a picture is preceded by a group_start code andfor a
sequpnce_header_code, the access unit begins with the first byte of the first of these start codes. If it is the last pifture
precgding a sequence_end_code in the bitstream, all bytes between the last byte of the coded picture’ and the
sequence_end_code (including the sequence_end_code) belong to the access unit.

For the definition of an access unit for Rec. ITU-T H.264 | ISO/IEC 14496-10 video, see the AVC access unit defirfition
in2.1.3.

In the case of an ISO/IEC 14496-17 text stream, see ISO/IEC 14496-17 for the definition of-an access unit.

2.1. AVC 24-hour picture (system): An advanced video coding (AVC) access unitWwith a presentation time that is
morq than 24 hours in the future. For the purpose of this definition, AVC access unit n(has'a presentation time that is mnore
than 24 hours in the future if the difference between the initial arrival time t.i(n) and-the DPB output time t, gpo(n) is More
than |24 hours.

2.1. AVC access unit (system): An access unit as defined for byte streams in Rec. ITU-T H.264 | ISO/IEC 14496-10
with[the constraints specified in 2.14.1.

2.1. AVC slice (system): A byte stream_nal_unit as defined\in Rec. ITU-T H.264 | ISO/IEC 14496-10 |with
nal_uinit_type values of 1 or 5, or a byte_stream_nal_unit data structure with nal_unit_type value of 2 and any assodiated
byte| stream_nal_unit data structures with nal_unit_type equalte-3 and/or 4.

2.1.5 AVC still picture (system): An AVC still picture*consists of an AVC access unit containing an IDR pigture,
precg¢ded by SPS and PPS NAL units that carry sufficientinformation to correctly decode the IDR picture. Preceding an
AV still picture, there shall be another AVC still picture or an end of sequence NAL unit terminating a preceding goded
vided sequence unless the AVC still picture is the very first access unit in the video stream.

2.1.6 AVC video sequence (system):\Coded video sequence as defined in 3.30 of Rec. ITU-T H.364 |
ISO/JEC 14496-10.

2.1.7 AVC video stream (system)*A Rec. ITU-T H.264 | ISO/IEC 14496-10 stream. An AVC video stream co
of orje or more AVC video sequences. An AVC video stream may also result from re-assembling video sub-bitstre

2.1.8
of Rec. ITU-T H.264 | ISO/IEC 14496-10, containing all VCL NAL units associated with the minimum value of iew
ordef index present in.each AVC video sequence of the AVC video stream. The AVC video sub-bitstream of MVC| may

defin

2.1.9 AVMC.Yideo sub-bitstream of MVCD: The video sub-bitstream that contains the base view as defingd in
Anngx | of\Rec. ITU-T H.264 | ISO/IEC 14496-10, containing all VCL NAL units associated with the minimum valpe of
view uence of the AVC video stream. The AVC video sub-bitstream of M

may e . o curta elomont o 14 Corefie -

), as

2.1.10 AVC video sub-bitstream of SVC: The video sub-bitstream that contains the base layer as defined in Annex G
of Rec. ITU-T H.264 | ISO/IEC 14496-10 and that shall additionally contain NAL units with nal_unit_type equal to 14
(prefix NAL units) ) as defined for scalable video coding (SVC) in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10.
The AVC video sub-bitstream of SVC contains all VCL NAL units associated with dependency_id equal to 0.

2.1.11  bitrate: The rate at which the compressed bit stream is delivered from the channel to the input of a decoder.

2.1.12  byte aligned: A bit in a coded bit stream is byte-aligned if its position is a multiple of 8-bits from the first bit
in the stream.

2.1.13  channel: A digital medium that stores or transports a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream.
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2.1.14  coded B-frame: A B-frame picture or a pair of B-field pictures.
2.1.15 coded frame: A coded frame is a coded I-frame, coded B-frame or a coded P-frame.

2.1.16  coded I-frame: An I-frame picture or a pair of field pictures where the first field picture is an I-picture and the
second field picture is either an I-picture or a P-picture.

2.1.17  coded P-frame: A P-frame picture or a pair of P-field pictures.
2.1.18 coded representation: A data element as represented in its encoded form.
2.1.19 compression: Reduction in the number of bits used to represent an item of data.

2.1.20 constant bitrate: Operation where the bitrate is constant from start to finish of the compressed bit stream.

2.1. constrained system parameter stream ; ined
in 2.Y.9 apply.

2.1 cyclic redundancy check (CRC): The CRC to verify the correctness of data.

2.1. data element: An item of data as represented before encoding and after decoding.

2.1. decoded stream: The decoded reconstruction of a compressed bit stream.

2.1. decoder: An embodiment of a decoding process.

2.1 decoding (process): The process defined in this Recommendation | International.Standard that reads an input-

2.1.27  decoding time-stamp (DTS) (system): A field that may be present in a8\PES packet header that indicates the

2.1.28 digital storage media (DSM): A digital storage or transmission device or system.
2.1.29 DSM-CC: Digital storage media command and control.

2.1.30 entitlement control message (ECM): Entitlement control messages are private conditional access informgtion
which specify control words and possibly other, typically stream-Specific, scrambling and/or control parameters.

2.1.31 entitlement management message (EMM): Entitlement management messages are private conditional agcess
information which specify the authorization levels or the'services of specific decoders. They may be addressed to sjngle

2.1.32  editing: The process by which ong0or more compressed bit streams are manipulated to produce a|new

2.1.33  elementary stream (ES) (system): A generic term for one of the coded video, coded audio or other codqd bit
streajms in PES packets. One elementaty stream is carried in a sequence of PES packets with one and only one stream_id.

2.1.35 encoder: An émpodiment of an encoding process.

2.1.36  encoding{process): A process, not specified in this Recommendation | International Standard, that reqds a
streajm of input pictures or audio samples and produces a coded bit stream conforming to this Recommendation.

2.1.37 entropy coding: Variable length lossless coding of the digital representation of a signal to reduce redundgncy.
2.1.38,~ 'EVC video stream: A raw bitstream as specified in ISO/IEC 23094-1 Annex B.

2.1.39  EVC access unit: An access unit as defined in ISO/IEC 23094-1 with the constraints specified in 2.24.1.
2.1.40 EVCslice: Aslice as specified in ISO/IEC 23094-1.

2.1.41 EVC video sequence (system): coded video sequence as defined in 23094-1.

2.1.42 EVC still picture: an EVC access unit containing an IDR picture, preceded by APS, SPS, PPS and other NAL
units that carry sufficient information to correctly decode that picture, and also optionally preceded by another EVC still
picture or an end of sequence NAL unit terminating a preceding coded video sequence when the current picture is not the
first access unit in the video bitstream.

2.1.43 EVC video sub-bitstream: A subset of the NAL units of an EVC video stream in their original order.
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2.1.44 EVC temporal video sub-bitstream: An EVC video sub-bitstream that contains all VCL NAL units and
associated non-VCL NAL units of the temporal sub-layer, as specified in ISO/IEC 23094-1, associated to Temporalld
equal to 0 and which may additionally contain all VCL NAL units and associated non-VCL NAL units of all temporal
sub-layers associated to a contiguous range of Temporalld.

2.1.45 event: An event is defined as a collection of elementary streams with a common time base, an associated start
time, and an associated end time.

2.1.46  fast forward playback (video): The process of displaying a sequence, or parts of a sequence, of pictures in
display-order faster than real-time.

2.1.47 forbidden: The term "forbidden", when used in the clauses of this Recommendation | International Standard
defining the coded bit stream, indicates that the value specified shall never be used.

2.1.48 green access unit — An access unit that contains dynamic metadata in a message format as defined in6.4.1 of
ISO/JEC 23001-11.

2.149 HEVC 24-hour picture (system): An HEVC access unit with a presentation time that is more than.24 hodrs in
the future. For the purpose of this definition, HEVC access unit n has a presentation time that is more than 24 hoyrs in
the future if the difference between the initial arrival time t;i(n) and the DPB output time to4on(n) iS More than 24 hoprs.

2.1.30 HEVC access unit: An access unit as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2 with the
consfraints specified in 2.17.1.

2.191 HEVC base layer: HEVC layer with nuh_layer_id equal to 0.

2.1.92 HEVC base sub-partition: HEVC video sub-bitstream that is also a eonforming bitstream as specifigd in
Rec.|[ITU-T H.265 | ISO/IEC 23008-2, which contains all VCL NAL units and the‘associated non-VCL NAL units pf an
HEMC base layer up to a target highest Temporalld identified by a target HEVC 0operation point.

2.1.93 HEVC complete temporal representation: A sub-layer repfesentation as defined in Rec. ITU-T H.P65 |
ISONEC 23008-2 that contains all temporal sub-layers up to the “temporal sub-layer with Temporalld equgl to
sps_max_sub_layers_minusl+1 as included in the active sequence-parameter set, as specified in Rec. ITU-T H.p65 |
ISO/JEC 23008-2.

21534 HEVC dependent slice segment: An HEVC slice segment with the syntax element
depenhdent_slice_segment_flag in the slice header set tda value equal to 1, as defined in Rec. ITU-T H.265 |
ISO/JEC 23008-2.

in the NAL unit header syntax element or an HEV€ temporal video sub-bitstream or HEVC temporal video subset thgreof,
of which the HEVC layer aggregation with-an"HEVC base sub-partition and zero or more other HEVC sub-partiions,
accofding to HEVC layer list, results in g vaid HEVC layered video stream.

2.1.95 HEVC enhancement sub-partition: Ong-HEVC layer with a particular value of nuh_layer_id greater tqan 0

2.1.96 HEVC highest temporal-sub-layer representation: The sub-layer representation of the temporal sub-Jayer
with([the highest value of Temperalld, as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2, in the associated HEVC
temporal video sub-bitstream,or HEVC temporal video subset.

2.1.57 HEVC independent slice segment: An HEVC slice segment with the syntax element
depenhdent_slice_segmentDflag in the slice header set to a value 0 or inferred to be equal to 0, as defingd in
Rec.[ITU-T H.265 |[ASO/IEC 23008-2.

2.1.98 HEVE layer: HEVC video sub-bitstream that contains all VCL NAL units with a particular valye of
nuh_|layer_id-invthe NAL unit header syntax element and associated non-VCL NAL units, as defined in Annex|F of
Rec.|ITU-ToH:265 | ISO/IEC 23008-2.

2.1.59*20 HEVC layer aggregation: Successive HEVC layer component aggregation of all HEVC layer components in
an HEVC video sequence.

2.1.60 HEVC layer component: VCL NAL units and the associated non-VCL NAL units of an HEVC access unit
which belong to an HEVC sub-partition.

2.1.61 HEVC layer component aggregation: Concatenation of all HEVC layer components with the same output
time from all HEVC sub-partitions indicated in an HEVC layer list in the order indicated by the HEVC layer list, resulting
in a valid HEVC access unit as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.62 HEVC layer list: Ordered list of HEVC sub-partitions for a target HEVC operation point of which the HEVC
layer aggregation results in a valid HEVC layered video stream.

NOTE — An HEVC layer list is signalled for each target HEVC operation point using the HEVC operation point descriptor.
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2.1.63 HEVC layered video stream: HEVC video stream that contains all VCL NAL units and associated non-VCL
NAL units conforming to one or more profiles defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.64 HEVC operation point: Operation point based on a target highest Temporalld, and a target layer identifier list
as specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.
NOTE — Rec. ITU-T H.265 | ISO/IEC 23008-2 specifies the sub-bitstream extraction process for an operation point according to
which the operation point is a conforming bitstream. An operation point is associated with an HEVC layered video stream or HEVC
base layer.

2.1.65 HEVC slice: An HEVC independent slice segment and zero or more subsequent HEVC dependent slice
segments preceding the next HEVC independent slice segment (if any) within the same HEVC access unit.

2.1.66 HEVCslice segment: A byte stream_nal_unit with nal_unit_type in the range of 0 to 9 and 16 to 23, as defined
inR

2.1.47 HEVCstill picture (system): An HEVC still picture consists of an HEVC access unit containing an IDR pifture
precgéded by VPS, SPS and PPS NAL units, as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2, that carry-sufficient
information to correctly decode this IDR picture. Preceding an HEVC still picture, there shall be another"HEVQ{ still
pictyre or an end of sequence NAL unit terminating a preceding coded video sequence, as defined in Rec. ITU-T HR65 |
ISO/JEC 23008-2.

2.1.8 HEVC sub-partition: Either an HEVC base sub-partition or an HEVC enhancement'sub-partition.
OTE — An HEVC sub-partition can either be an HEVVC temporal video sub-bitstream if it includes VCL NAL units with the

inimum value of Temporalld (i.e., including Temporalld equal to 0), or it can be an HEVC temporal video subset] if it
cpmplements an HEVC base sub-partition or HEVVC enhancement sub-partition with the same target layer identifier.

2.1.89 HEVC temporal enhancement sub-partition: An HEVC temporal videe’subset of the same HEVC layer as
another HEVC enhancement sub-partition of the same HEVC video stream which contains one or more complemeptary
temporal sub-layers, as specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.70 HEVC temporal video sub-bitstream: An HEVC video sub:bitstream that contains all VCL NAL unit$ and
asso¢iated non-VCL NAL units of the temporal sub-layer of the:same layer, as specified in Rec. ITU-T H.265 |
ISOEC 23008-2, associated with Temporalld equal to 0 and which"may additionally contain all VCL NAL unit$ and
assogiated non-VCL NAL units of all temporal sub-layers of'‘the same layer associated with a contiguous range of
Temporalld from 1 to a value equal to or smaller than spsmax_sub_layers minusl included in the active seqUence
parameter set, as specified in Rec. ITU-T H.265 | ISO/IEC-23008-2.

21711 HEVC temporal video subset: An HEVC-video sub-bitstream that contains all VCL NAL units angl the
assogiated non-VCL NAL units of one or more temporal sub-layers of the same layer, as specified in Rec. ITU-T H.265
| ISQ/IEC 23008-2, with each temporal sub-layer not being present in the corresponding HEVC temporal video|sub-
bitstieam and Temporalld associated with each temporal sub-layer forming a contiguous range of values that is eqyal to
or gmaller than sps_max_sub_layers minusl included in the active sequence parameter set, as specifiegd in
Rec.[ITU-T H.265 | ISO/IEC 23008-2.
OTE - According to the constraints for the transport of HEVC specified in 2.17.1, each temporal sub-layer of an HEVC pideo
ream is present either in the HEV.C temporal video sub-bitstream or in exactly one HEVC temporal video subset which is crried
a set of elementary streams that are associated by hierarchy descriptors or HEVC hierarchy extension descriptors. This prgvents
ultiple inclusions of the-same temporal sub-layer and allows aggregation of the HEVC temporal video sub-bitstream| with
sociated HEVC temporal video subsets according to the hierarchy descriptors, as specified in 2.17.3 and according fo the
erarchy descriptors or HEVC hierarchy extension descriptors, as specified in 2.17.4.

o0 S = 0 >

2.1.12 HEVCHtile of slices: One or more consecutive HEVC slices which form the coded representation of a tile, as
defirled in Ree N TU-T H.265 | ISO/IEC 23008-2.

2.1.13 «HEVC tile substream: Substream of a Rec. ITU-T H.265 | ISO/IEC 23008 2 video stream that contajins a
Motipon-€onstrained Tile Set, parameter sets, slice headers or a combination thereof.

2.1.74 HEVC video sequence (system): A coded video sequence as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.75 HEVC video stream: Byte stream as specified in Rec. ITU-T H. 265 | ISO/IEC 23008-2 Annex B.

NOTE — This term represents either a byte stream as specified in Annex B of the first version of Rec. ITU-T H.265 |
ISO/IEC 23008-2 or an HEVC layered video sub-bitstream.

2.1.76  HEVC video sub-bitstream: A subset of the NAL units of an HEVC video stream in their original order.

2.1.77  JPEG 2000 (J2K) video access unit: The JPEG 2000 codestream or codestreams comprising a decodable and
randomly accessible (portion of) image, preceded by all the parameters required to decode the access unit and display the
decoded data.
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2.1.78  J2K block: The JPEG 2000 codestream or codestreams corresponding to a rectangular portion of a video frame,
as detailed in S.3.

NOTE - Usage of J2K blocks requires J2K block mode (defined in 2.1.79)

2.1.79  J2K block mode: Optional mode defined in S.3, dividing each frame of a J2K video stream in a certain amount
of rectangular blocks, each encoded as an independent J2K block (defined in 2.1.78).

2.1.80 J2Kstill picture (system): J2K video access unit as defined in 2.1.87 with constraints as specified in S.2.

2.1.81 J2K stripe: The JPEG 2000 codestream or codestreams comprising a decodable horizontally divided portion
of an image, as detailed in S.4.

NOTE — Usage of J2K stripes requires J2K stripe mode (defined in 2.1.82) to be enabled in the J2K video descriptor. Such usage
enables transport of a J2K video stream with a low end-to-end latency.

2.1.92 J2K stripe mode: Optional mode defined in S.4, dividing the (portion of) image transported in a J2K-yideo
acce$s unit in a succession of horizontal stripes, each encoded as an independent J2K stripe (defined in 2.1.81).

2.1.93 J2K video elementary stream: Video elementary stream consisting of a succession of J2K video access (nits.

2.1.834 J2K video sequence: J2K video elementary stream where all the access units have the sametprofile/level] J2K
vide@ access unit coding parameters and video parameters.

2.1.85 JPEG XS elementary stream header (jxes header): All parameters required to decode a JPEG XS Yideo
acce$s unit and display the decoded data.

2.18 JPEG XS still picture (system): JPEG XS video access unit as defined in 2:1:87 with constraints as spedified

2.1. JPEG XS video access unit: The JPEG XS codestream or multipte®™JPEG XS codestreams, as defingd in
ISONEC 21122-1, comprising a decodable and randomly accessible imagespreceded by a JPEG XS elementary stfeam

2.1. JPEG XS video elementary stream: Video elementary stream consisting of a succession of JPEG XS yideo
accesgs units
2.1. JPEG XS video sequence: JPEG XS video elementary stream where all the access units have the same profile,

levelland sublevel (as defined in ISO/IEC 21122-2), JPEG XS video access unit coding parameters, and video paramegters.

2.1. layer (video and systems): One of the levels-in‘'the data hierarchy of the video and system specifications defined

2.1.92 LCEVC video sequence (system): Coded video sequence as defined in ISO/IEC 23094-2.
2.1.93 MCTS: Motion Constrained Tile Set according to Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.94 metadata: Information‘to describe audiovisual content and data essence in a format defined by ISO or any pther

2.1.95 metadata access unit: A global structure within metadata that defines the fraction of metadata that is intended
to bg decoded at a specific instant in time. The internal structure of a metadata Access Unit is defined by the format of

2.1.96 metadata application format: Identifies the format of the application that uses the metadata; signals

service. Dependlng on the format of the metadata decoder conflguratlon mformatlon may or may not be needed. et
2.1.98 metadata format: Identifies the coding format of metadata.

2.1.99 metadata service: A coherent set of metadata of the same format delivered to a receiver for a specific purpose.
2.1.100 metadata service id: Identifier of a specific metadata service; used for some transport methods of the metadata.

2.1.101 metadata stream: The concatenation or collection of metadata Access Units from one or more metadata
services.

2.1.102 (multiplexed) stream (system): A bit stream composed of 0 or more elementary streams combined in a manner
that conforms to this Recommendation | International Standard.
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2.1.103 MVC base view sub-bitstream: The MVC base view sub-bitstream is defined to contain the AVC video
sub-bitstream of MV C conforming to one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10
and one additional MVC video sub-bitstream associated with an MV C view_id subset including the view order index that
immediately follows the view order index associated with the base view.

NOTE — The MVC base view sub-bitstream is also an AVC video stream where no re-assembly is required before decoding.

2.1.104 MVC operation point: An MVC operation point is identified by a temporal_id value representing a target
temporal level and a set of view_id values representing the target output views. One MV C operation point is associated
with an AVC video stream which conforms to one or more profiles defined in Annex H of Rec. ITU-T H.264 |
ISO/IEC 14496-10. The AVC video stream associated with an MV C operation point is re-assembled from a set consisting
of one or more of the following items: AVC video sub-bitstream of MVC, MVC base view sub-bitstream, MVC video
sub-bitstreams.

2.1.705 MVC slice (system): A byte_stream_nal_unit with nal_unit_type syntax element equal to 20 of an AVE Yideo
which conforms to one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10,
OTE — As specified in Rec. ITU-T H.264 | ISO/IEC 14496-10, the value of svc_extension_flag is set equal to 0 for coded yideo

s¢quences conforming to one or more profiles specified in Annex H. MVC slices should not include NALMunits for which
nal_unit_type is equal to 20 with svc_extension_flag equal to 1.

2.1.06 MVC video sub-bitstream: The MVC video sub-bitstream is defined to be all \/CL NAL units [with
nal_uinit_type equal to 20 associated with the same multiview video coding (MVC) view_id subset' of an advanced Yideo
coding (AVC) video stream and associated non-VCL NAL units which conform to one or more profiles defined in Annex
H of|Rec. ITU-T H.264 | ISO/IEC 14496-10.
OTE - In contrast to a sub-bitstream as specified in Annex H of Rec. ITU-T H.264(] 1SO/IEC 14496-10, an MVC Video
slib-bitstream according to this Specification is not necessarily a decodable MVC videq sub-bitstream. The one exception is when
ah MVC video sub-bitstream is also an MV C base view sub-bitstream. Re-assembling. MV C video sub-bitstreams in an incrgasing
ofder of view order index, starting from the lowest value of view order index up to)any value of view order index, resulty in a
decodable AVC video stream.

2.1.707 MVC view_id subset: A set of one or more view_id valuesias defined in Annex H of Rec. ITU-T H.p64 |
ISONEC 14496-10 in the NAL unit header syntax element, associatedwith one set of consecutive view order index vglues.

OTE — An MVC video sub-bitstream or MVC base view sub-bitstream based on a specific MVVC view_id subset may not include
ew components for all view_id values included in that MV C viewId subset. One or more view order index values may be skjpped
if the view associated with a missing view order index value is,not required for decoding the transmitted views.

2.1.108 MVCD base view sub-bitstream: The MVCDB-base view sub-bitstream is defined to contain the AVC Yideo

< Z

sub-bitstream of MVCD conforming to one or more profiles defined in Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10
and ¢ne additional MVCD video sub-bitstream associated with an MVCD view_id subset including the view order index
that jImmediately follows the view order index associated with the base view.

NOTE — The MVCD base view sub-bitstreamjis also an AVC video stream where no re-assembly is required before decoding.

2.1.109 MVCD slice (system): A byte. stream_nal_unit with nal_unit_type syntax element equal to 21 of an AVC yideo
stream which conforms to one or morg profiles defined in Annex | of Rec. ITU-T H.264 | ISO/IEC 14496-10.

2.1.110 MVCD video sub-bjtstream: The MVCD video sub-bitstream is defined to be all VCL NAL units [with
nal_uinit_type equal to 21 assoeiated with the same MVCD view_id subset of an AVC video stream and associated|non-
VCL NAL units which egnform to one or more profiles defined in Annex | of Rec. ITU-T H.264 | ISO/IEC 14496-10.

NOTE — In contrast.to a sub-bitstream as specified in Annex | of Rec. ITU-T H.264 | ISO/IEC 14496-10, an MVCD Video
stib-bitstream accerding to this Specification is not necessarily a decodable MVVCD video sub-bitstream. The one exception iswhen
ap MVCD video sub-bitstream is also an MVCD base view sub-bitstream. Re-assembling MVCD video sub-bitstreams [in an
increasing order of view order index, starting from the lowest value of view order index up to any value of view order index, rgsults
i a decodable AVC video stream.

2.1.118~ MVC view-component subset: The VCL NAL units of an AVC access unit associated with the same MVC

view—Td-subsetandassoctated-mon=vEEINALtmits:
NOTE — Re-assembling MVC view-component subsets ordered according to the view order index, starting from the minimum
view order index up to the highest view order index present in the access unit, while reordering the non-VCL NAL units conforming
to the order of NAL units within an access unit, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10, results in an AVC access
unit.

2.1.112 MVCD view-component subset: The VCL NAL units of an AVC access unit associated with the same MVCD
view_id subset and associated non-VCL NAL units.
NOTE - Re-assembling MVCD view-component subsets ordered according to the view order index, starting from the minimum
view order index up to the highest view order index present in the access unit, while reordering the non-VCL NAL units conforming
to the order of NAL units within an access unit, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10, results in an AVC access
unit.
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2.1.113 MVCD view_id subset: A set of one or more view_id values, as defined in Annex | of Rec. ITU-T H.264 |
ISO/IEC 14496-10 in the NAL unit header syntax element, associated with one set of consecutive view order index values.

NOTE — An MVCD video sub-bitstream or MVCD base view sub-bitstream based on a specific MVCD view_id subset may not
include view components for all view_id values included in that MVVCD view_id subset. One or more view order index values may
be skipped if the view associated with a missing view order index value is not required for decoding the transmitted views.

2.1.114 pack (system): A pack consists of a pack header followed by zero or more packets. It is a layer in the system
coding syntax described in 2.5.3.3.

2.1.115 packet data (system): Contiguous bytes of data from an elementary stream present in a packet.

2.1.116 packet identifier (PID) (system): A unique integer value used to identify elementary streams of a program in
a single or multi-program transport stream as described in 2.4.3.

2.1.117 padding (audio): A method to adjust the average length of an audio frame in time to the duration,of the
corrgsponding PCM samples, by conditionally adding a slot to the audio frame.

2.1.118 payload: Payload refers to the bytes which follow the header bytes in a packet. For example, the.paylogd of
somg transport stream packets includes a PES_packet_header and its PES_packet_data_bytes, or_pointer_field and
PSI gections, or private data; but a PES_packet_payload consists of only PES_packet_data_bytes. The-transport stfeam
packet header and adaptation fields are not payload.

2.1.119 PES (system): An abbreviation for a Packetized Elementary Stream.

2.1.120 PES packet (system): The data structure used to carry elementary stream data~APES packet consists of  PES
packgt header followed by a number of contiguous bytes from an elementary data stregm) It is a layer in the system cqding
synt3dx described in 2.4.3.6.

2.1.121 PES packet header (system): The leading fields in a PES (packet up to and not including the
PES| packet_data_byte fields, where the stream is not a padding stream. Inthe case of a padding stream the PES packet
headpr is similarly defined as the leading fields in a PES packet up to and ot including padding_byte fields.

2.1.122 packetized elementary stream (PES) (system): A PES system consists of PES packets, all of whose pay|oads
cons|st of data from a single elementary stream, and all of which have the same stream_id. Specific semantic constrfaints
apply. Refer to Intro. 4.

2.1.123 presentation time-stamp (PTS) (system): A fiéld that may be present in a PES packet header that indigates
the time that a presentation unit is presented in the system-target decoder.

2.1.124 presentation unit (PU) (system): A decoded audio access unit or a decoded picture.

2.1.125 program (system): A program is:a.collection of program elements. Program elements may be elemeptary
streans. Program elements need not have any)defined time base; those that do, have a common time base and are intended
for synchronized presentation.

2.1.126 program clock reference (PCR) (system): A time stamp in the transport stream from which decoder timing is
derived.

2.1.127 program element(system): A generic term for one of the elementary streams or other data streams that{ may
be included in a program;

2.1.128 programsspecific information (PSI) (system): PSI consists of normative data which is necessary fof the
demiltiplexing ofitransport streams and the successful regeneration of programs and is described in 2.4.4.1. An example
of privately defined PSI data is the non-mandatory network information table.

2.1.129 quality access unit: An access unit that contains dynamic quality metadata as defined in ISO/IEC 23001410.

2.1.131 reserved: The term "reserved", when used in the clauses defining the coded bit stream, indicates that the value
may be used in the future for ISO defined extensions. Unless otherwise specified within this Recommendation |
International Standard, all reserved bits shall be set to '1".

2.1.132 sample variant: An assembled media sample replacing an original sample as defined in ISO/IEC 23001-
12:2018.
NOTE — In ISO/IEC 23001-12:2018, the term “sample” is used commonly for samples as defined in ISO Base Media File Format
(ISO/IEC 14496-12) and for access units as defined in 2.1.1.

2.1.133 scrambling (system): The alteration of the characteristics of a video, audio or coded data stream in order to
prevent unauthorized reception of the information in a clear form. This alteration is a specified process under the control
of a conditional access system.
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2.1.134 service-compatible: This is defined as 'simulcast’ of two stereoscopic views which do not include
scalable or temporal coding. The two views are independently compressed using MPEG-2 video or AVC or
both and can be decoded independently.

2.1.135 source stream: A single non-multiplexed stream of samples before compression coding.

2.1.136 splicing (system): The concatenation, performed on the system level, of two different elementary streams. The
resulting system stream conforms totally to this Recommendation | International Standard. The splice may result in
discontinuities in time base, continuity counter, PSI, and decoding.

2.1.137 start codes (system): 32-bit codes embedded in the coded bit stream. They are used for several purposes
including identifying some of the layers in the coding syntax. Start codes consist of a 24-bit prefix (0x000001) and an
8-bit stream_id as shown in Table 2-22.

2.1.1])38 STD input buffer (system): A first-in first-out buffer at the input of a system target decoder for storal]e of
compressed data from elementary streams before decoding.

2.1.139 still picture: A still picture consists of a video sequence, coded as defined in Rec. TU“T H.262 |
ISO/JJEC 13818-2, ISO/IEC 11172-2 or ISO/IEC 14496-2, that contains exactly one coded picture which is intra-cgded.
This| picture has an associated PTS and in case of coding according to ISO/IEC 11172-2, Rec” ITU-T H.262 |
ISO/JEC 13818-2 or ISO/IEC 14496-2, the presentation time of succeeding pictures, if any, is _laterthan that of thq still
pictyre by at least two picture periods.

2.1.140 SVC dependency representation: The VCL NAL units of an AVC access unit‘associated with the same Yalue
of degpendency_id which is provided as part of the NAL unit header or the associated~prefix NAL unit header, anfl the
asso¢iated non-VCL NAL units. Re-assembling SVC dependency representations in a consecutive ordgr of
depenhdency_id starting from the lowest value of dependency id present in. the access unit up to any valye of
depepdency_id present in the access unit, while reordering the non-VCL NAL uhnits conforming to the order of NAL punits
with{n an access unit as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10;€sults in an AVC access unit.

2.1.141 SVC slice (system): A byte stream_nal_unit as defined.in<Rec. ITU-T H.264 | ISO/IEC 14496-10 |with
nal_uinit_type equal to 20 of an AVC video stream which conforms-to one or more profiles defined in Annex |G of
Rec.|/ITU-T H.264 | ISO/IEC 14496-10.
NOTE — As specified in Rec. ITU-T H.264 | ISO/IEC 14496-10; the value of svc_extension_flag is set equal to 1 for coded ideo
quences conforming to one or more profiles specified inJAnnex G. SVC slices should not include NAL units for which
npl_unit_type is equal to 20 with svc_extension_flag equaldo 0.

wn

2.1.142 SVC video sub-bitstream: The video subsbitstream that contains VCL NAL units with nal_unit_type ¢qual
to 24 with the same NAL unit header syntax element dependency_id not equal to 0.

2.1.143 system header (system): The system header is a data structure defined in 2.5.3.5 that carries informption
summnarizing the system characteristics of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program stream.

2.1.144 system clock reference (SER) (system): A time stamp in the program stream from which decoder timipg is
derived.

2.1.145 system target decader (STD) (system): A hypothetical reference model of a decoding process used to dgfine
the semantics of a Rec. ITU=T H.222.0 | ISO/IEC 13818-1 multiplexed bit stream.

2.1.146 time-stamp. (System): A term that indicates the time of a specific action such as the arrival of a byte dr the
pres¢ntation of a PreSentation Unit.

2.1.147 transport stream packet header (system): The leading fields in a transport stream packet, up to and inclyding
the cpntinuitys counter field.

2.1.148~ variable bitrate: An attribute of transport streams or program streams wherein the rate of arrival of bytes gt the
inputto g decoteT varies withrtime:

2.1.149 video sub-bitstream: A video sub-bitstream is defined to be all VCL NAL units associated with the same value
of dependency _id of an AVC video stream which conforms to one or more profiles defined in Annex G of Rec. ITU-T
H.264 | ISO/IEC 14496-10 and all associated non-VCL NAL units in decoding order as defined in Rec. ITU-T H.264 |
ISO/IEC 14496-10. Re-assembling video sub-bitstreams in a consecutive order of dependency_id, starting from the
dependency _id equal to 0 up to any value of dependency _id, results in an AVC video stream. A video sub-bitstream shall
have the AVC byte stream format as defined in Annex B of Rec. ITU-T H.264 | ISO/IEC 14496-10.

2.1.150 view order index: An index that indicates the decoding order of MVC view components in an AVC access unit
as defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 or MVCD view components in an AVC access unit as
defined in Annex | of Rec. ITU-T H.264 | ISO/IEC 14496-10. The association of view order index values to the NAL unit
header syntax element view _id is indicated for an AVC video sequence in the sequence parameter set MVC extension as
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defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 or in the sequence parameter set MVCD extension as
defined in Annex | of Rec. ITU-T H.264 | ISO/IEC 14496-10.

2.1.151 VVC video stream: A byte stream as specified in Rec. ITU-T H.266 | ISO/IEC 23090-3 Annex B.

2.1.152 VVC access unit: An access unit as defined in Rec. ITU-T H.266 | ISO/IEC 23090-3 with the constraints
specified in 2.23.1.

2.1.153 VVC 24-hour picture (system): A VVC access unit with a presentation time that is more than 24 hours in the
future. For the purpose of this definition, VVC access unit n has a presentation time that is more than 24 hours in the
future if the difference between the initial arrival time tai(n) and the DPB output time to,dpb(n) is more than 24 hours.

2.1.154 VVCslice: A slice as specified in Rec. ITU-T H.266 | ISO/IEC 23090-3.

Fined

Cture
cient
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/IEC
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jated
to Tgmporalld equal to 0 and which may additionally contain all VCL NAL units and associated non-VCL NAL unjts of
all t¢mporal sublayers associated to a contiguous range of Tempotalld from 1 to a value equal to or smaller|than
sps_ax_sublayers_minusl included in the referred sequence parameter set, as specified in Rec. ITU-T H.266 | ISQ/IEC

2.1.161 VVC temporal video subset: A VVC video sub-bitstream that contains all VCL NAL units and the assodiated
non-MCL NAL units of one or more temporal sublayers,@s specified in Rec. ITU-T H.266 | ISO/IEC 23090-3, with|each
temporal sublayer not being present in the corresponding VVC temporal video sub-bitstream and Temporalld assodiated
withleach temporal sublayer forming a contiguous«ange of values.
OTE — According to the constraints for the transport of VVC specified in 2.23.1, each temporal sublayer of a VVC video sfream

i present either in the VVVC temporal videg-sub-bitstream or in exactly one VVC temporal video subset which are carried ir] a set

of elementary streams that are associated by-hierarchy descriptors. This prevents multiple inclusion of the same temporal suljlayer
apd allows aggregation of the VVC temporal video sub-bitstream with associated VVC temporal video subsets according fo the
hjerarchy descriptors as specified in-2:23.3.

2.1.162 VVC highest temporal.sublayer representation: The sublayer representation of the temporal sublayer|with
the Highest value of Temporalld, as defined in Rec. ITU-T H.266 | ISO/IEC 23090-3, in the associated VVC temporal
videI sub-bitstream or VV\M/C-temporal video subset.

2.1.163 VVC comgplete temporal representation: A sublayer representation as defined in Rec. ITU-T H.266 | ISQVIEC
23090-3 that contains all temporal sublayers up to the temporal sublayer with Temporalld equal to
sps_max_sublayers_minusl as included in the referred sequence parameter set, as specified in Rec. ITU-T H.P66 |
ISO/JEC 23090-3.

2.2 Symbols and abbreviations

The mathematical operators used to describe this Recommendation | International Standard are similar to those used in
the C-programming language. However, integer division with truncation and rounding are specifically defined. The
bitwise operators are defined assuming two's-complement representation of integers. Numbering and counting loops
generally begin from 0.
221 Arithmetic operators

+ Addition

- Subtraction (as a binary operator) or negation (as a unary operator)

++ Increment

—— Decrement
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2.2.2

2.2.4

2.2.5

2.2.6
The

*orx  Multiplication
n Power
/ Integer division with truncation of the result toward 0. For example, 7/4 and —7/-4 are truncated to 1
and —7/4 and 7/-4 are truncated to —1.
I Integer division with rounding to the nearest integer. Half-integer values are rounded away from 0
unless otherwise specified. For example 3//2 is rounded to 2, and —3//2 is rounded to —2.
DIV Integer division with truncation of the result towards — oc.
% Modulus operator. Defined only for positive numbers.
Sign() Sign(x) = 1 x>0
0 X==
-1 x<0
NINT() Nearest integer operator. Returns the nearest integer value to the real-valued argumentcHalf-integer
values are rounded away from 0.
sin Sine
oS Cosine
exp Exponential
\ Square root
logio Logarithm to base ten
loge Logarithm to base e
Assignment

Bitwise operators

& AND

| OR

>> Shift right with sign extension
<< Shift left with O fill
Constants

T 3.14159265359

e 2.71828182845

Logical operators

| Logical OR
&& LogicalhAND
! Logical NOT
Mnemonics

following. mnemonics are defined to describe the different data types used in the coded bit-stream.

bslbf

NOTE —

Assignment operator

Bit string, Ieft bit first, where "left" is the order in WhICh bit strrngs are written in this
- 3 3 are S Arithin
srngle quote marks e. g '1000 0001' Blanks wrthrn a brt strrng are for ease of readrng and
have no significance.

In some tables of this specification, two bit strings are used to define a range of values. In other tables, bit

strings are used to specify integer values. In these cases, each bit string is equivalent to a binary number of which the
least significant bit (unity position) equals the rightmost bit of the bit string and the significance of bits increases from

right to left.
ch Channel
gr Granule of 3 * 32 sub-band samples in audio Layer II, 18 * 32 sub-band samples in audio
Layer I1I.
main_data The main_data portion of the bit stream contains the scale factors, Huffman encoded data, and

ancillary information.
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main_data_beg This gives the location in the bit stream of the beginning of the main_data for the frame.

location is equal to the ending location of the previous frame's main_data plus 1 bit.
calculated from the main_data_end value of the previous frame.

part2_length  This value contains the number of main_data bits used for scale factors.

rpchof Remainder polynomial coefficients, highest order first
sb Sub-band
scfsi Scalefactor selector information

The
Itis

switch_point_I Number of scalefactor band (long block scalefactor band) from which point on window

switching is used

switch_point_s Number of scalefactor band (short block scalefactor band) from which point on window

switching Is used

tcimsbf Two's complement integer, msb (sign) bit first

uimsbf Unsigned integer, most significant bit first

viclbf Variable length code, left bit first, where "left" refers to the order in which ¢he variable lgngth

codes are written

window Number of actual time slot in case of block type == 2, 0 < windowi< 2.
The pyte order of multi-byte words is most significant byte first.
2.2.7 Range operator

Range operator. n .. m defines the inclusive range of numbers ftem n up to m

2.2.8 Relational operators

> Greater than

> Greater than or equal to

< Less than

< Less than or equal to

== Equal to

1= Not equal to

max [,...,] The maximum value in the argument list

min [,....] The minimum value inthe-argument list
2.3 Method of describing bit'stream syntax
The it streams retrieved by the decoder are described in 2.4.1 and 2.5.1. Each data item in the bit stream is in bold fype.
It is glescribed by its name, its-length in bits, and a mnemonic for its type and order of transmission.
The pction caused by a.decoded data element in a bit stream depends on the value of that data element and on|data
elements previously deeoded. The decoding of the data elements and definition of the state variables used in their decqding
are described in thecClauses containing the semantic description of the syntax. The following constructs are used to express
the cpnditions when-data elements are present, and are in normal type.
Notg this syntax uses the "C"-code convention that a variable or expression evaluating to a non-zero value is equivilent
to a gondition that is true:
while_(-eondition ) { If the condition is true, then the group of data elements occurs next in the data stream. This

data_element repeats until the condition is not true.
}
do { The data element always occurs at least once. The data element is repeated until the condition
data_element is not true.

while ( condition )

14
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if (condition) { If the condition is true, then the first group of data elements occurs next in the data stream.
data_element

}

else { If the condition is not true, then the second group of data elements occurs next in the data
data_element stream.

}

for (i=0;i<n;i++) { The group of data elements occurs n times. Conditional constructs within the group of data
data_element elements may depend on the value of the loop control variable i, which is set to zero for the

first-oceurrence—incremented-to-Lforthe-second-aseurrence—and-se-forth-
}

As npoted, the group of data elements may contain nested conditional constructs. For compactness, the {¥are onyitted
wher only one data element follows:

data] element [] data_element [] is an array of data. The number of data elements is indicatéd by the congext.
data] element [n] data_element [n] is the n+1th element of an array of data.
data] element [m][n] data_element [m][n] is the m+1,n+1th element of a two-dimensional array of data.

data| element [I][m][n]  data_element [I][m][n] is the I+1,m+1,n+1th element of athree-dimensional array of dafa.
data] element [m..n] is the inclusive range of bits between bit m and bit n in.the data_element.

While the syntax is expressed in procedural terms, it should not be assumed that either Figure 2-1 or Figurg 2-2
implpments a satisfactory decoding procedure. In particular, they define a-€orrect and error-free input bitstream. Actual
decoplers must include a means to look for start codes and sync byteS (tfansport stream) in order to begin decqding
corrdctly, and to identify errors, erasures or insertions while decoding: The methods to identify these situations, anfl the
actiops to be taken, are not standardized.

2.4 Transport stream bitstream requirements

24.1 Transport stream coding structure and parameters

The Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport stream coding layer allows one or more programs to be comkrined
into |a single stream. Data from each elementary stream are multiplexed together with information that allows
syncpronized presentation of the elementary streams within a program.

A trgnsport stream consists of one or mare programs. Audio and video elementary streams consist of access units.

Elenjentary stream data is carried-in PES packets. A PES packet consists of a PES packet header followed by packet(data.
PES |packets are inserted into_transport stream packets. The first byte of each PES packet header is located at the| first
available payload location of'a transport stream packet.

The PES packet header begins with a 32-bit start-code that also identifies the stream or stream type to which the packet
data pelongs. The PES.packet header may contain decoding and presentation time stamps (DTS and PTS). The PES packet
headpr also contains‘other optional fields. The PES packet data field contains a variable number of contiguous bytes ffrom
one ¢lementary Stream.

Tranpport stream packets begin with a 4-byte prefix, which contains a 13-bit packet ID (PID), defined in Table 2-2| The
dentifies, via the program specific mformatlon (PSI) tables, the contents of the data contained in the transport stfeam

The PSI tables are carried in the transport stream. There are six PSI tables:
«  Program association table (PAT);
*  Program map table (MPT);
+  Conditional access table (CAT);
*  Network information table (NIT);
»  Transport stream description table (TSDT);
»  IPMP control information table.
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These tables contain the necessary and sufficient information to demultiplex and present programs. The program map
table in Table 2-33 specifies, among other information, which PIDs, and therefore which elementary streams, are
associated to form each program. This table also indicates the PID of the transport stream packets which carry the PCR
for each program. The conditional access table shall be present if scrambling is employed. The network information table
is optional and its contents are not specified by this Recommendation | International Standard. The IPMP control
information table shall be present if IPMP as described in ISO/IEC 13818-11 is used by any of the components in the
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream.

Transport stream packets may be null packets. Null packets are intended for padding of transport streams. They may be
inserted or deleted by re-multiplexing processes and, therefore, the delivery of the payload of null packets to the decoder
cannot be assumed.

This Recommendation | International Standard does not specify the coded data which may be used as part of conditional
acceIs Systems. TRIS Specification does, NOWEVer, provide mechanisms Tor program Service providers to transporf and
identify this data for decoder processing, and to reference correctly data which are specified by this Specification!| This
type |of support is provided both through transport stream packet structures and in the conditional access table (refer to
Tablg 2-32).

2.4.2 Transport stream system target decoder

2.4.21 General

The pemantics of the transport stream specified in 2.4.3 and the constraints on these semantics specified in 2.7 refjuire
exact definitions of byte arrival and decoding events and the times at which these occurFhe definitions needed afe set
out ip this Recommendation | International Standard using a hypothetical decoder known as the transport stream syjstem
targgt decoder (T-STD). Informative Annex D contains further explanation of the T=STD.

The [T-STD is a conceptual model used to define these terms precisely and to-model the decoding process during the
construction or verification of transport streams. The T-STD is defined @nly for this purpose. There are three typgs of
decoflers in the T-STD: video, audio, and systems. Figure 2-1 illustrates@n example. Neither the architecture of the T{STD
nor the timing described precludes uninterrupted, synchronized play-back of transport streams from a variety of decpders
with|different architectures or timing schedules.

A() _Video v Pi)

RX Rbx td,(j
| B, o MB | e | 0| p o oK)
[ ihbyteof | x& L Y A ,
! transport stream i i j-th access unit 1 k-th presentation unit !

8 A)  ~ Audio

td(j
. o— 18, R [, %0 | p, P, (0
0 T t9,(K)

RXyys Ryys System control
ITBsys I Y I Bsys I Y Dsys Y

H.222.0(12)_F2-1

Figure 2-1 — Transport stream system target decoder notation

The [following notation is used to describe the transport stream system target decoder and is partially iIIustratTd in
Figuke-2-1-

i, 1’1" are indices to bytes in the transport stream. The first byte has index 0.
j is an index to access units in the elementary streams.

k, k', k” are indices to presentation units in the elementary streams.

n is an index to the elementary streams.
p is an index to transport stream packets in the transport stream.
t(i) indicates the time in seconds at which the i-th byte of the transport stream enters the system target

decoder. The value t(0) is an arbitrary constant.

PCR(i) is the time encoded in the PCR field measured in units of the period of the 27-MHz system clock
where i is the byte index of the final byte of the program_clock_reference_base field.
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Anq() is the j-th access unit in elementary stream n. As(j) is indexed in decoding order.

tdn(j) is the decoding time, measured in seconds, in the system target decoder of the j-th access unit in
elementary stream n.

Pn(K) is the k-th presentation unit in elementary stream n. Pn(k) results from decoding An(j). Pn(K) is indexed
in presentation order.

tpa(k) is the presentation time, measured in seconds, in the system target decoder of the k-th presentation
unit in elementary stream n.

t is time measured in seconds.

Fa(t) is the fullness, measured in bytes, of the system target decoder input buffer for elementary stream n
at time t.

Bn IS the main buftfer for elementary stream n. It Is present only for audio elementary streams.

BSx is the size of buffer, B, measured in bytes.

Bsys is the main buffer in the system target decoder for system information for the program that is ip the

process of being decoded.
BSsys is the size of Bsys, measured in bytes.

MB, is the multiplexing buffer, for elementary stream n. It is present only for video-elementary streamns.

MBS, isthe size of MB,, measured in bytes.

EB, is the elementary stream buffer for elementary stream n. It is présent only for video elemeptary
streams.

EBS, is the size of the elementary stream buffer EB,, measured indbytes.
TBsys is the transport buffer for system information for the program that is in the process of being decgded.
TBSsys is the size of TBsys, measured in bytes.

TBy is the transport buffer for elementary stream n.

TBS: is the size of TB,, measured in bytes.

Dsys is the decoder for system information in pregram stream n.

Dy is the decoder for elementary stream 1.

On is the re-order buffer for video elementary stream n.

Rsys is the rate at which data are removed from Bsys.

RXn is the rate at which data are-removed from TBh.

Rbx, is the rate at which PES-packet payload data are removed from MB, when the leak method is pised.

Defined only for.yideo elementary streams.

Rbxa(j) is the rate at which PES packet payload data are removed from MB, when the vbv_delay methiod is
used. Defined-enly for video elementary streams.

RXsys is the rate at which data are removed from TBsys.
Res is the'video elementary stream rate coded in a sequence header.

2.4.42 Systemclock frequency

Timing information referenced in the T-STD is carried by several data fields defined in this Specification. Refer to 2.4.3.4
and 2.4.3.6;In PCR fields this information is coded as the sampled value of a program's system clock. The PCR flields
are carried. in the adaptation field of the transport stream packets with a PID value equal to the PCR_PID defined ip the
TS_program map section of the program being decoded

Practical decoders may reconstruct this clock from these values and their respective arrival times. The following are
minimum constraints which apply to the program'’s system clock frequency as represented by the values of the PCR fields
when they are received by a decoder.

The value of the system clock frequency is measured in Hz and shall meet the following constraints:
27 000 000 — 810 < system_clock frequency <27 000 000 + 810
rate of change of system_clock_frequency with time < 75 x 10~ Hz/s

NOTE - Sources of coded data should follow a tighter tolerance in order to facilitate compliant operation of consumer recorders
and playback equipment.
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A program's system_clock_frequency may be more accurate than required. Such improved accuracy may be transmitted
to the decoder via the system clock descriptor described in 2.6.20.

Bit rates defined in this Specification are measured in terms of system_clock frequency. For example, a bit rate of
27 000 000 bits per second in the T-STD would indicate that one byte of data is transferred every eight (8) cycles of the
system clock.

The notation "system_clock frequency" is used in several places in this Specification to refer to the frequency of a clock
meeting these requirements. For notational convenience, equations in which PCR, PTS, or DTS appear, lead to values of
time which are accurate to some integral multiple of (300 x 2%/system_clock_frequency) seconds. This is due to the
encoding of PCR timing information as 33 bits of 1/300 of the system clock frequency plus 9 bits for the remainder, and
encoding as 33 bits of the system clock frequency divided by 300 for PTS and DTS.

2 PRy ) " PR - " dal !
24 D il TPUL U UTE rdlispurt stredimm SYSLelin taryct utLuuct

Inpug to the transport stream system target decoder (T-STD) is a transport stream. A transport stream may contain multiple
programs with independent time bases. However, the T-STD decodes only one program at a time. In the T3STD nfodel
all timing indications refer to the time base of that program.

Datal from the transport stream enters the T-STD at a piecewise constant rate. The time t(i) at which \the i-th byte enters
the T-STD is defined by decoding the program clock reference (PCR) fields in the input stream, enceded in the tranport
strean packet adaptation field of the program to be decoded and by counting the bytes in the complete transport stfeam
between successive PCRs of that program. The PCR field (see equation 2-1) is encoded in two parts: one, in units df the
periqd of 1/300 times the system clock frequency, called program_clock_reference_base{see equation 2-2), and ope in
unitg of the system clock frequency called program_clock_reference_extension (see(equation 2-3). The values engoded
in these are computed by PCR_base(i) (see equation 2-2) and PCR_ext(i) (see€quation 2-3) respectively. The yalue
encopled in the PCR field indicates the time t(i), where i is the index of the byte containing the last bit of the
progfam_clock_reference_base field.

Spedifically:
PCR(i) = PCR _ base(i) x 300+ PCR _ ext(i) 2-1)
where:
PCR_base(i) = ((system_clock: frequency x t(i)) DIV 300)% 2% 2-2)
PCR_ext(i) = ((system:clock frequency x t(i)) DIV1) % 300 2-3)

For all other bytes the input arrival time, t(i) shown in equation 2-4 below, is computed from PCR(i") and the trangport
rate at which data arrive, where the transport rate is determined as the number of bytes in the transport stream betyveen
the ytes containing the last bit of two successive program_clock_reference_base fields of the same program dividgd by
the difference between the time values encoded in these same two PCR fields.

i P R " H _ "
t(i) = CR(I") + - - 2-4)
system_clock _ frequency transport_rate(i)

where:
i is the index of any byte in the transport stream for i” <i<i'.

i” is the index of the byte containing the last bit of the most recent program_clock_reference |base
fietd-appticattetothe progran beimng tecoded:

PCR(i"”) is the time encoded in the program clock reference base and extension fields in units of the
system clock.

The transport rate for any byte i between byte i” and byte i’ is given by:

transport_rate(i) = ((i=i") x systerTl_cIock __frequency) (2-5)
PCR(i") — PCR(i")

where:
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i’ is the index of the byte containing the last bit of the immediately following
program_clock_reference_base field applicable to the program being decoded.

In the case of a time-base discontinuity, indicated by the discontinuity_indicator in the transport packet adaptation field,
the definition given in equation 2-4 and equation 2-5 for the time of arrival of bytes at the input to the T-STD is not
applicable between the last PCR of the old time base and the first PCR of the new time base. In this case the time of
arrival of these bytes is determined according to equation 2-4 with the modification that the transport rate used is that
applicable between the last and next to last PCR of the old time base.

A tolerance is specified for the PCR values. The PCR tolerance is defined as the maximum inaccuracy allowed in received
PCRs. This inaccuracy may be due to imprecision in the PCR values or to PCR modification during re-multiplexing. It
does not include errors in packet arrival time due to network jitter or other causes. The PCR tolerance is + 500 ns.

Tranpport streams may contain multiple programs which have independent time bases. Separate sets of PCRS, as indigated
by the respective PCR_PID values, are required for each such independent program, and therefore the.PCRs cannpt be
co-Idcated. The transport stream rate is piecewise constant for the program entering the T-STD. Therefore, if the tranpport
streajn rate is variable it can only vary at the PCRs of the program under consideration. Since the/PCRs, and therefore the
points in the transport Stream where the rate varies, are not co-located, the rate at which the transport stream enters the
T-STD would have to differ depending on which program is entering the T-STD. Therefore,\itis not possible to congtruct
a cor|sistent T-STD delivery schedule for an entire transport stream when that transport stream contains multiple programs
with[independent time bases and the rate of the transport stream is variable. It is straightforward, however, to congtruct
consfant bit rate transport streams with multiple variable rate programs.

2.4.24 Buffering

Complete transport stream packets containing system information, for theypregram selected for decoding, enter the syjstem
trangport buffer, TBsys, at the transport stream rate. These include transport stream packets whose PID values are 0] 1, 2
or 3| and all transport stream packets identified via the program)association table (see Table 2-30) as having the
program_map_PID value for the selected program. Network infermation table (NIT) data as specified by the NIT P|D is
not tfansferred to TBsys.

OTE 1 - Size of IPMP control information table could be-large, and the repetition rate of this table should be adjusted to|meet
the buffer requirement.

All Qytes that enter the buffer TB, are removed at.the rate Rx, specified below. Bytes which are part of the PES pgcket
headpr or its contents are delivered to the maind-buffer B, for audio elementary streams and system data, and tp the
multjplexing buffer MB, for video elementary-streams. Other bytes are not, and may be used to control the system.
Duplicate transport stream packets are not 'delivered to By, MB,, or Bsys.

The puffer TB, is emptied as follows:
—  When there is no data‘in TB,, Rx, is equal to zero.
—  Otherwise for yvideo:

Rx, = 1.2 X Ry.k[profile, level]

wheile:

Rmax|profileJevel] is specified according to the profile and level which can be found in Table 8-13 of Rec. ITU-T H.262
| ISQ/IEC 18818-2. This table specifies the upper bound of the rate of each elementary video stream within a spgcific
profile-and level.

Rxn 1s equal to 1.2 x Rmax for ISO/IEC 11172-2 constrained parameter video streams, where Ruax refers to the maximum
bitrate for a constrained parameters bitstream in ISO/IEC 11172-2.

For ISO/IEC 13818-7 ADTS audio:

Number of Channels Rxn [bit/s]
1.2 2000 000

3.8 5529 600

9.12 8294 400
13..48 33177 600
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Channels: The number of full-bandwidth audio output channels plus the number of independently switched cou

pling

channel elements within the same elementary audio stream. For example, in the typical case that there are no

independently switched coupling channel elements, mono is 1 channel, stereo is 2 channels and 5.1 channel surrou
five channels (the low-frequency effects (LFE) channel is not counted).

For other audio,

Rx, =2x10° bits persecond

For systems data:

nd is

F?y” —1x10°% hits Im:srcr:-r"nnr*l

Rx, Is measured with respect to the system clock frequency.

Complete transport stream packets containing system information, for the program selected for decoding, enter the sy
trangport buffer, TBsys, at the transport stream rate. These include transport stream packets whose PID}values are O
and 3 (if present), and all transport stream packets identified via the program association table (PAT) (see Table 2-3
having the program_map_PID value for the selected program. Network information table (NIT,) data as specified b,
NIT PID is not transferred to TBsgys.

Bytep are removed from TBsys at the rate Rxsys and delivered to Bsys. Each byte is transferréd instantaneously.
Duplicate transport stream packets are not delivered to Bsys.

Tranpport packets which do not enter any TB,, or TBsys are discarded.

The fransport buffer size is fixed at 512 bytes.

The plementary stream buffer sizes EBS; through EBS, are defined.for video as equal to the vbv_buffer_size ag
carrigd in the sequence header. Refer to the summary of constrained\parameters in ISO/IEC 11172-2 and Table 8-
Rec.|ITU-T H.262 | ISO/IEC 13818-2.

NOTE 2 — In the following equations, unit conversion should beimplicitly performed as appropriate. Values expressed in b
hplicitly converted into values expressed in bytes by: numberyof _bytes = (number_of_bits +7) / 8.

The multiplexing buffer size MBS; through MBS, are.defined for video as follows:

For Low and Main level:

MBS, =BS,,, +BS,, +VBV,[profile, level]-vbv _buffer _size

whelle BSqh, PES packet overhead buffering is defined as:

BS,n, = (1/750) seconds X R.x[profile, level]
and BSmux, additional multiplex buffering is defined as:

BSpmux = 0.004 seconds X Ry.x[profile, level]

and where \(BVax[profile, level] is defined in Table 8-14 of Rec. ITU-T H.262 | ISO/IEC 13818-2 and Rmax[pr

headpr-described in 6.2.2 of Rec. ITU-T H.262 | ISO/IEC 13818-2.

stem

1,2
0) as
y the

it is
| 4 of

ts are

Dfile,
ence

IeveIF is defined in Table 8-13 of Rec. ITU-T H.262 | ISO/IEC 13818-2, and vbv buffer size is carried in the sequ

For High 1440 and High level:

MBS, =BS,,, + BS,,

mux
where BSgh is defined as:

BS,n = (1/750) seconds X Ry.«[profile, level]
and BSmux is defined as:

BS,,.x = 0.004secondsx R, [ profile, level]
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and where Rmax[profile, level] is defined in Table 8-13 of Rec. ITU-T H.262 | ISO/IEC 13818-2.
For Constrained Parameters ISO/IEC 11172-2 bitstreams:

MBS, =BS,,,, + BS,, +Vvbv_max—vbv_buffer _size

mux

where BSq is defined as:

BS,, = (1/750) seconds X Rp.x

and BSmux is defined as:

—=0.004seconds<R

BS

mux

and Wwhere Rmax and vbv_max refer to the maximum bitrate and the maximum vbv_buffer_size for a_Constrgined
Parameters bitstream in ISO/IEC 11172-2 respectively.

A portion BSmux =4 ms x Rmax[profile, level] of the MBS, is allocated for buffering to allow multiplexing. The remajnder
is avhilable for BS,n and may also be available for initial multiplexing.

NOTE 3 — Buffer occupancy by PES packet overhead is directly bounded in PES streams by the )PES-STD which is ddfined
i L2.5.2.4. It is possible, but not necessary, to utilize PES streams to construct transport streams.

Buffer BSn
The ain buffer sizes BS; through BS, are defined as follows.
Audjo

For ISO/IEC 13818-7 ADTS audio:

Number of Channels BSh [bytes]
1.2 3584
3.8 8976
9.12 12 804
13..48 51216

Channels: The number of full-bandwidth audio output channels plus the number of independently switched coupling
chanhel elements within the same elementary audio stream. For example, in the typical case that there arg no
independently switched coupling chanpel elements, mono is 1 channel, stereo is 2 channels, and 5.1 channel surround is
5 channels (the LFE channel is not cQunted).

For gther audio:

BS,, = BSpux + BSgec + BSon = 3584 bytes

The $ize of the access unit decoding buffer BSqec, and the PES packet overhead buffer BSyh are constrained by:
BSgec + BSon < 2848 bytes

A pdrtion (736 bytes) of the 3584 byte buffer is allocated for buffering to allow multiplexing. The rest, 2848 byteg, are
shargd-for access unit buffering BSgec, BSoh and additional multiplexing.

Systems
The main buffer Bsys for system data is of size BSsys = 1536 bytes.
Video

For video elementary streams, data is transferred from MB,, to EB, using one of two methods: the leak method or the
video buffering verifier (VBV) delay method.
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Leak method

The leak method transfers data from MB, to EB, using a leak rate Ryx. The leak method is used whenever any of the
following is true:

»  the STD descriptor (refer to 2.6.32) for the elementary stream is not present in the transport stream;
»  the STD descriptor is present and the leak valid flag has a value of '1';

«  the STD descriptor is present, the leak_valid has a value of '0", and the vbv_delay fields coded in the video

stream have the value OXFFFF; or
«  trick mode status is true (refer to 2.4.3.7).

For Low and Main level:

For |

For (

whelle Rmax is the maximum bit rate for a Constrained Parameters bitstream in ISO/{EC 11172-2.

re is PES packet payload data in MB,, and buffer EB,, is not full, the PES packet payload is transferred from an to

If the
EB,

to EB,, all PES packet header bytes that are in MB,and immediately pregede that byte, are instantaneously remove

discd
MBn

Vbv

The
EBn,
desc
has {

vide@ sequence are not equal to OXFFFF, none.of the vbv_delay fields in that sequence shall be equal to OXFFFF (re

ISO

Whe
the B
is th
of sy
cons

by:

Rbx, =R, [profile, level]

1igh-1440 and High level:
Rbx, = Min{1.05 X R, Ry.x[profile, level]}
Constrained Parameters bitstream in ISO/IEC 11172-2:

Rbx, = 1.2 X Rypay

ht a rate equal to Rbx,. If EB, is full, data are not removed from MB,=When a byte of data is transferred from

rded. When there is no PES packet payload data present in MBg, 0 data is removed from MB,. All data that e
leaves it. All PES packet payload data bytes enter EB,, instantaneously upon leaving MB,.

| delay method

MB,
and
hters

he value '0', and vbv_delay fields coded in.the“video stream are not equal to OXFFFF. If any vbv_delay valueg

EC 11172-2 and Rec. ITU-T H.262 | ISO/IEC 13818-2).

h the vbv_delay method is used,the final byte of the video picture start code for picture j is transferred from M
B, at the time tdn(j) — vbv_delay(j), where tda(j) is the decoding time of picture j, as defined above, and vbv_de
delay time, in seconds, indicated by the vbv_delay field of picture j. The transfer of bytes between the final
ccessive picture start codes (including the final byte of the second start code), into the buffer EB,, is at a piece

R« (]) = NB(j)/(vbv_delay(j)—vbv_delay(j+1)+td,(j+1)—td, (]))

e NB(j)is the number of bytes between the final bytes of the picture start codes (including the final byte of the se

using the vbv_delay values coded in the video elementary stream. The vbv_delay method is used whenever the[STD

vbv_delay method specifies precisely the time at which each byte of coded video data is transferred from Mrn to
iptor (refer to 2.6.32) for this elementary streantis present in the transport stream, the leak_valid flag in the desciiptor

ina
er to

B, to
ay(@)
hytes
wise

ant rate, Rux(j), which(is’specified for each picture j. Specifically, the rate, Rux(j), of transfer into this buffer is given

2-6)

cond

lay if

the low_delay flag in the V|deo sequence exten5|on is set to'l. It may not be possmle to determlne the correct values by examination
of the bit stream.

The Rux(j) derived from equation 2-6 shall be less than or equal to Rmax[profile, level] for elementary streams of stream
type 0x02 (refer to Table 2-34), where Rmax[profile, level] is defined in Rec. ITU-T H.262 | ISO/IEC 13818-2, and shall
be less than or equal to the maximum bit rate allowed for constrained parameter video elementary streams of stream

type

0x01, refer to ISO/IEC 11172-2.

When a byte of data is transferred from MB;, to EB,, all PES packet header bytes that are in MB, and immediately precede
that byte are instantaneously removed and discarded. All data that enters MB, leaves it. All PES packet payload data bytes
enter EB,, instantaneously upon leaving MBi.
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Removal of access units

For each elementary stream buffer EB, and main buffer B, all data for the access unit that has been in the buffer longest,
An(j), and any stuffing bytes that immediately precede it that are present in the buffer at the time td,(j) are removed
instantaneously at time tdn(j). The decoding time tdn(j) is specified in the DTS or PTS fields (refer to 2.4.3.6). Decoding
times tda(j + 1), tda(j + 2), ... of access units without encoded DTS or PTS fields which directly follow access unit j may
be derived from information in the elementary stream. Refer to Annex C of Rec. ITU-T H.262 | ISO/IEC 13818-2,
ISO/IEC 13818-3, or ISO/IEC 11172. Also refer to 2.7.5. In the case of audio, all PES packet headers that are stored
immediately before the access unit or that are embedded within the data of the access unit are removed simultaneously
with the removal of the access unit. As the access unit is removed it is instantaneously decoded to a presentation unit.

System data

In thecaseof System tatadatatsremoved-fromthe mambuffer Bsys atarateof Rsys wherever-theresatteastt byte
availpble in buffer Bgys.

Rsys = max (80 000 bits/s, transport_ rate(i) x8 bits/byte/500) 2-7)

NOTE 5 — The intention of increasing Rsys in the case of high transport rates is to allow an increased” data rate fqr the
Program-specific information.

Low|delay

Wheh the low_delay flag in the video sequence extension is setto '1' (see 6.2.2.3 of Rec. KFUT H.262 | ISO/IEC 13818-2)
the EB, buffer may underflow. In this case, when the T-STD elementary stream_buffer EB, is examined at the|time
specified by tda(j), the complete data for the access unit may not be present in the\buffer EB,. When this case arise$, the
buffer shall be re-examined at intervals of two field-periods until the data for the complete access unit is present ip the
buffgr. At this time the entire access unit shall be removed from buffer EB, instantaneously. Overflow of buffer EB,[shall
not dccur.

Wheh the low_delay_mode flag is set to '1', EB, underflow is allowed. to occur continuously without limit. The T{STD
decopler shall remove access unit data from buffer EB, at the earliest'time consistent with the paragraph above ang any
DTS|or PTS values encoded in the bit stream. Note that the decatler may be unable to re-establish correct decoding and
display times as indicated by DTS and PTS until the EB, buffer-underflow situation ceases and a PTS or DTS is foupd in
the bt stream.

Trick mode

Wheh the DSM_trick_mode flag (2.4.3.6) is sett0.'1" in the PES Packet header of a packet containing the start of a Bjtype
vided access unit and the trick_mode_contrelfield is set to '001' (slow motion) or '010" (freeze frame), or '100' (slow
revelse) the B-picture access unit is not remaved from the video data buffer EB, until the last time of possibly multiple
time$ that any field of the picture is decaded and presented. Repetition of the presentation of fields and pictures is defined
in 2.41.3.8 under slow motion, slow-reverse, and field_id_cntrl. The access unit is removed instantaneously from EB, at
indicated time, which is depefident on the value of rep_cntrl.

Whep the DSM_trick_mode flag is set to '1' in the PES packet header of a packet containing the first byte of a pitture
start|code, trick_mode status’becomes true when that picture start code in the PES packet is removed from buffen EB,
Trick mode status remains true until a PES packet header is received by the T-STD in which the DSM_trick_modg flag
is sefto '0' and the fitstbyte of the picture start code after that PES packet header is removed from buffer EB,. When|trick
modeg status is trug;-the buffer EB, may underflow. All other constraints from normal streams are retained when [trick

i ams-buy d-in-Bthrough-B-and-EBthrough e d-instantaneoush by decoders-D ough
D, and may be delayed in re-order buffers O1 through O, before being presented at the output of the T-STD. Re-order
buffers are used only in the case of a video elementary stream when some access units are not carried in presentation
order. These access units will need to be re-ordered before presentation. In particular, if Py(K) is an I-picture or a P-picture
carried before one or more B-pictures, then it must be delayed in the re-order buffer, Oy, of the T-STD before being
presented. Any picture previously stored in O, is presented before the current picture can be stored. P,(k) should be
delayed until the next I-picture or P-picture is decoded. While it is stored in the re-order buffer, the subsequent B-pictures
are decoded and presented.

The time at which a presentation unit Pn(k) is presented is tpn(k). For presentation units that do not require re-ordering
delay, tpn(k) is equal to tds(j) since the access units are decoded instantaneously; this is the case, for example, for B-frames.
For presentation units that are delayed, tpa(k) and tdn(j) differ by the time that Pn(k) is delayed in the re-order buffer,
which is a multiple of the nominal picture period. Care should be taken to use adequate re-ordering delay from the
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beginning of video elementary streams to meet the requirements of the entire stream. For example, a stream which initially
has only I- and P-pictures but later includes B-pictures should include re-ordering delay starting at the beginning of the
stream.

Rec. ITU-T H.262 | ISO/IEC 13818-2 explains re-ordering of video pictures in greater detail.

2.4.2.6 Presentation

The function of a decoding system is to reconstruct presentation units from compressed data and to present them in a
synchronized sequence at the correct presentation times. Although real audio and visual presentation devices generally
have finite and different delays and may have additional delays imposed by post-processing or output functions, the
system target decoder models these delays as zero.

In the T-STD in Figure 2-1 the display of a video presentation unit (3 picture) occurs instantaneously at its presentation
time] tpn(k).

In the T-STD the output of an audio presentation unit starts at its presentation time, tpn(k), whenthe ‘de¢oder
instantaneously presents the first sample. Subsequent samples in the presentation unit are presented in sequence gt the
audi@ sampling rate.

2.4.2.7 Buffer management

Trangport streams shall be constructed so that conditions defined in this subclause are satisfied. This subclause makes use
of the notation defined for the system target decoder.

TBy fand TBsys shall not overflow. TB, and TBsys shall empty at least once every Segond. B, shall not overflow nor
underflow. Bsys shall not overflow.

EB, ghall not underflow except when the low delay flag in the video sequence_extension is set to '1' (refer to 6.2.4.3 in
Rec.[ITU-T H.262 | ISO/IEC 13818-2) or trick_mode status is true.

Wheh the leak method for specifying transfers is in effect, MB, shall nat overflow, and shall empty at least once gvery
secopd. EB,, shall not overflow.

Wheh the vbv_delay method for specifying transfers is in effect;/MB, shall not overflow nor underflow, and EB,|shall
not qverflow.

The flelay of any data through the system target decoder®uffers shall be less than or equal to one second except fof still
pictyre video data, ISO/IEC 14496, ISO/IEC 23008-2, ISO/IEC 23090-3, ISO/IEC 23094-1 and ISO/IEC 23(94-2
streams. Specifically: tda(j) — t(i) < 1 second for alkj,’and all bytes i in access unit An(j).

For gtill picture video data, the delay is constrained by tdn(j) — t(i) < 60 seconds for all j, and all bytes i in access unit fAn(j).
For [SO/IEC 14496, ISO/IEC 23008-2, ISOHEC 23090-3, ISO/IEC 23094-1 and ISO/IEC 23094-2 streams, the delpy is
consfrained by tds(j) — t(i) < 10 seconds for all j, and all bytes i in access unit As(j).
Defipition of overflow and underflow

Let Hq(t) be the instantanegus,fullness of T-STD buffer B,.

Fa(t)|= 0 instantaneousty before t = t(0)

Ovefflow does nat.occur if:

F () <BS,

for a)l'tand n.

Underflow does not occur if:
0<F,(t)

for all tand n.

2.4.2.8 T-STD extensions for carriage of ISO/IEC 14496 data

For decoding of ISO/IEC 14496 data carried in a transport stream the T-STD model is extended. T-STD parameters for
decoding of individual ISO/IEC 14496 elementary streams are defined in 2.11.2, while 2.11.3 defines T-STD extensions
and parameters for decoding of ISO/IEC 14496 scenes and associated streams.
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2.4.2.9 T-STD extensions for carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 video

To define the decoding in the T-STD of Rec. ITU-T H.264 | ISO/IEC 14496-10 video streams carried in a transport
stream, the T-STD model needs to be extended. The T-STD extension and T-STD parameters for decoding of AVC video
streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 video streams
are defined in 2.14.3.1, T-STD extension and T-STD parameters for decoding of AVC video streams conforming to one
or more profiles defined in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10 are defined in 2.14.3.5, and T-STD
extension and T-STD parameters for decoding of AVC video streams conforming to one or more profiles defined in
Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 are defined in 2.14.3.7.

2.4.2.10 T-STD extensions for carriage of ISO/IEC 14496-17 text streams

To define the decodlng in the T- STD of ISO/IEC 14496 17 text streams carrled ina transport stream the T-STD model
needp : ; 3 1 3
defi ed in 2.15.3.1.

2.4.211 T-STD extensions for carriage of J2K video elementary streams

The |nterpretation, extensions, use and constraints for syntax elements in the adaptation header (2.4.34/and 2.4.3.3) for
JPEG 2000 part 1 video are defined in S.5.

The |interpretation, extensions, use and constraints for syntax elements in the PES header /(2:4.3.6 and 2.4.3.7) for
JPEG 2000 Part 1 video are defined in S.5.

To define the decoding of J2K video elementary streams carried in a transport stream,‘the T-STD model needs o be
extended. The T-STD extensions and T-STD parameters for decoding of J2K videe'‘elementary streams conformipg to
one ¢r more profiles defined in Rec. ITU-T T.800 (2002) | ISO/IEC 15444-1:2004are defined in S.6.

NOTE — No extensions are specified for P-STD model, as carriage of J2K video, elementary streams in program streams {s not
suppgrted.

2.4.2.12 T-STD extensions for carriage of HEVC

T-STD extensions and T-STD parameters for the decoding of HEVC video streams are defined in 2.17.2 and 2.]L7.3.
Program stream support including P-STD extensions and P-STD¢parameters are not specified for HEVC video stregms.

2.4.2.13 T-STD extensions for carriage of MVVCD videa-sub-bitstream
T-STD extensions and T-STD parameters for decoding-af MVCD video sub-bitstreams are defined in 2.14.1 and 2.14.3.7.

NOTE — Program stream extensions are not specified forMVCD video sub-bitstreams.

2.4.2.14 T-STD extensions for carriage of MV HEVC and SHVC

T-STD extensions and T-STD parameters-for decoding of HEVC layered video streams are defined in 2.17.4. Program
stream support including P-STD extensions and P-STD parameters are not specified for HEVC extension video strgams.

2.4.215 T-STD extensions for'earriage of JPEG XS video elementary streams

The |nterpretation, extensions, use and constraints for syntax elements in the adaptation header (2.4.3.4 and 2.4.3.9) for
JPEG XS Part-1 video areydefined in W.5.

The |nterpretation, extensions, use and constraints for syntax elements in the PES header (2.4.3.6 and 2.4.3.7) for JPEG
XS Hart-1 videp-are defined in W.5.

To dgfine the-decoding of JPEG XS video elementary streams carried in a Transport Stream, the T-STD model negds to
be ektended. The T-STD extensions and T-STD parameters for decoding of JPEG XS video elementary streams
confprring to one or more profiles defined in ISO/IEC 21122-2 are defined in W.6.

NOTE — No extensions are specified for P-STD model, as carriage of JPEG XS video elementary streams in program streams is
not supported.

2.4.2.16 T-STD extensions for carriage of VVC

T-STD extensions and T-STD parameters for decoding of VVC video streams are defined in 2.23.2 and 2.23.3. Program
stream support including P-STD extensions and P-STD parameters are not specified for VVC video streams.

2.4.2.17 T-STD extensions for carriage of EVC

T-STD extensions and T-STD parameters for decoding of EVC video streams are defined in 2.24.2. Program stream
support including P-STD extensions and P-STD parameters are not specified for EVC video streams.
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2.4.3 Specification of the transport stream syntax and semantics

The following syntax describes a stream of bytes. Transport stream packets shall be 188 bytes long.

24.3.1 Transport stream
See Table 2-1.

Table 2-1 — Transport stream

Syntax No. of bits Mnemonic

MPEG_transport_stream() {

o

transport_packet()
} while (nextbits() = = sync_byte)

2.4.32 Transport stream packet layer
See Table 2-2.

Table 2-2 — Transport packet of this Recommendation | International Standard

Syntax No. of bits Mnemonic
transport_packet(){
sync_byte 8 bsibf
transport_error_indicator 1 bsibf
payload_unit_start_indicator 1 bslbf
transport_priority 1 bslbf
PID 13 uimsbf
transport_scrambling_control 2 bsibf
adaptation_field_control 2 bslbf
continuity_counter 4 uimsbf

if(adaptation_field_control = ='10' || adaptation_field_control = ="11"){
adaptation_field()
}
if(adaptation_field_control = =01 || adaptation_field_control = ="11") {
for (i=0;i<N;i+F){
data_byte 8 bsIbf

2.4.3.3 Semantic definition of fields in transport stream packet layer

sync| byte * The sync_byte is a fixed 8-bit field whose value is '0100 0111' (0x47). Sync_byte emulation in the choige of
valugs-for other regularly occurring fields, such as PID, should be avoided.

transport_error_indicator — The transport_error_indicator is a 1-bit flag. When set to '1' it indicates that at least
1 uncorrectable bit error exists in the associated transport stream packet. This bit may be set to '1' by entities external to
the transport layer. When set to '1" this bit shall not be reset to ‘0" unless the bit value(s) in error have been corrected.

payload_unit_start_indicator — The payload_unit_start_indicator is a 1-bit flag which has normative meaning for
transport stream packets that carry PES packets (refer to 2.4.3.6) or transport stream section data (refer to Table 2-31 in
2.4.4.5).

When the payload of the transport stream packet contains PES packet data, the payload_unit_start_indicator has the
following significance: a '1' indicates that the payload of this transport stream packet will commence with the first byte
of a PES packet and a '0' indicates no PES packet shall start in this transport stream packet. If the
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payload_unit_start_indicator is set to '1', then one and only one PES packet starts in this transport stream packet. This
also applies to private streams of stream_type 6 (refer to Table 2-34).

When the payload of the transport stream packet contains transport stream section data, the payload_unit_start_indicator
has the following significance: if the transport stream packet carries the first byte of a section, the
payload_unit_start_indicator value shall be '1', indicating that the first byte of the payload of this transport stream packet
carries the pointer_field. If the transport stream packet does not carry the first byte of a section, the
payload_unit_start_indicator value shall be '0', indicating that there is no pointer_field in the payload. Refer to 2.4.4.2
and 2.4.4.3. This also applies to private streams of stream_type 5 (refer to Table 2-34).

For null packets the payload_unit_start_indicator shall be set to '0".

The meaning of this bit for transport stream packets carrying only private data is not defined in this Specification.

of greater priority than other packets having the same PID which do not have the bit set to '1'. The transport mechanism
can ise this to prioritize its data within an elementary stream. Depending on the application the transport (priority [field
may |be coded regardless of the PID or within one PID only. This field may be changed by channel-specific'encodars or
decoplers.

tran:Fport_priority — The transport_priority is a 1-bit indicator. When set to '1' it indicates that the associated packet is

PID|- The PID is a 13-bit field, indicating the type of the data stored in the packet payload. PID valug 0x0000 is resgrved
for the program association table (see Table 2-30). PID value 0x0001 is reserved for the conditional access table (see
Tablg 2-32). PID value 0x0002 is reserved for the transport stream description table (see Table 2-36), PID value 0xp003
is regerved for IPMP control information table (see ISO/IEC 13818-11) and PID values 0X0004-0x000F are reserved| PID
valug¢ Ox1FFF is reserved for null packets (see Table 2-3).

Table 2-3 — PID table

Value Description
0x0000 Program association table
0x0001 Conditional access table
0x0002 Transport stream description table
0x0003 IPMP control information table
0x0004 Adaptive streaming information (S€e Note 2)
Dx0005 .. 0x000F Reserved
0x0010 May be assigned as network~ PID, Program_map_PID, elementary_PID, or for other purposes
OXLFFE
OX1FFF Null packet
NO[TE 1 — The transport packets with P¥BDiwvalues 0x0000, 0x0001, and 0x0010-0x1FFE are allowed to carry a PCR.
NOJTE 2 — Payload syntax is defined in.5.10.3.3.5 of ISO/IEC 23009-1.

tranpport_scrambling_control — This 2-bit field indicates the scrambling mode of the transport stream packet payjoad.
The fransport stream packet-header, and the adaptation field when present, shall not be scrambled. In the case of g null
packgt the value of the-transport_scrambling_control field shall be set to '00' (see Table 2-4).

Table 2-4 — Scrambling control values

Value Description
'00' Not scrambled
‘01 User-defined
‘10’ User-defined
11 User-defined
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adaptation_field_control — This 2-bit field indicates whether this transport stream packet header is followed by an
adaptation field and/or payload (see Table 2-5).

Table 2-5 — Adaptation field control values

Value Description
‘00! Reserved for future use by ISO/IEC
‘o1 No adaptation_field, payload only
'10' Adaptation_field only, no payload
11 Adaptation_field followed by payload
Rec.[TTO-T H.2ZZ.0TTSO/TET T3818-T decoders shall discard transport stream packets with the adaptation_tield cdntrol
field|set to a value of '00". In the case of a null packet the value of the adaptation_field_control shall be set to '0%.
contjnuity_counter — The continuity_counter is a 4-bit field incrementing with each transport stream packet witp the
samg PID. The continuity_counter wraps around to 0 after its maximum value. The continuity_counteér shall npt be
incrgmented when the adaptation_field_control of the packet equals '00' or '10'".
In trgnsport streams, duplicate packets may be sent as two, and only two, consecutive transport stream packets of the fame
PID.| The duplicate packets shall have the same continuity counter value as the- original packet and| the
adaptation_field_control field shall be equal to '01' or '11". In duplicate packets each byte-of-the original packet shall be
duplicated, with the exception that in the program clock reference fields, if present, a validwalue shall be encoded.
The pontinuity_counter in a particular transport stream packet is continuous wherit differs by a positive value of one
from| the continuity_counter value in the previous transport stream packet of:the same PID, or when either of the
non-jncrementing conditions (adaptation_field_control set to ‘00" or '10', or duplicate packets as described above) arg met.
The pontinuity counter may be discontinuous when the discontinuity_indicator is set to '1' (refer to 2.4.3.4). In the|case
of a pull packet the value of the continuity_counter is undefined.
datal byte — Data bytes shall be contiguous bytes of data from the PES packets (refer to 2.4.3.6), transport stream segtions
(refef to 2.4.4), packet stuffing bytes after transport stream sections, or private data not in these structures as indicatéd by
the RID. In the case of null packets with PID value Ox1FFF data_bytes may be assigned any value. The numbgr of
data | bytes, N, is specified by 184 minus the number of bytes in the adaptation_field(), as described in 2.4.3.4.
2.4.34 Adaptation field
See Table 2-6.
Table 2-6 — Transport stream adaptation field
Syntax No. of bits Mnemonic
adaptation_field() {
adaptation_field_length 8 uimsbf
if (adaptation_field_{ength > 0) {
discontinuity_indicator 1 bslbf
randornaccess_indicator 1 bslbf
elementary_stream_priority_indicator 1 bslbf
PCR-flag 1 bslbf
OPCR_flag 1 bslbf
splicing_point_flag 1 bslbf
transport_private_data_flag 1 bslbf
adaptation_field_extension_flag 1 bslbf
t-HPER—flag==1)<
program_clock_reference_base 33 uimsbf
reserved 6 bslbf
program_clock_reference_extension 9 uimsbf
¥
if (OPCR flag=="1) {
original_program_clock_reference_base 33 uimsbf
reserved 6 bslbf
original_program_clock_reference_extension 9 uimsbf
1
if (splicing_point_flag = ='1") {
splice_countdown 8 tcimsbf
if (transport_private_data_flag =="1") {
transport_private data length 8 uimsbf
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Table 2-6 — Transport stream adaptation field

Syntax No. of bits Mnemonic
for (i = 0; i < transport_private_data_length; i++) {
private_data_byte 8 bsIbf
}
¥ o _
if (adaptation_field_extension flag =="1") {
adaptation_field_extension_length 8 uimsbf
Itw_flag 1 bslbf
piecewise_rate flag 1 bslbf
seamless_splice_flag 1 bslbf
al_descriptor_not_present_tlag T BSIoT
reserved 4 bsibf
if (Itw_flag=="1") {
Itw_valid_flag 1 bslbf
Itw_offset 15 uimsbf
if (piecewise_rate_flag=="1") {
reserved 2 bslbf
piecewise_rate 22 uimsbf
if (seamless_splice_flag=="1") {
Splice_type 4 bslbf
DTS_next_AU[32..30] 3 bslbf
marker_bit 1 bslbf
DTS_next_AU[29..15] 15 bslbf
marker_bit 1 bslbf
DTS_next_AU[14..0] 15 bslbf
marker_bit 1 bslbf
}
if (af_descriptor_not_present_flag =="0") {
for (i=0;i<N1;i++) {
af_descriptor()
}
else {
for (i=0; i <N2;i++) {
reserved 8 bslbf
}
}
P _
for (i=0;i <N3;i++) {
stuffing_byte 8 bslbf
}
}
2.4.35 Semantic definition.of fields in adaptation field
adaptation_field_length-—~ The adaptation_field_length is an 8-bit field specifying the number of bytes i the
adapfation_field immediately following the adaptation_field_length. The value '0" is for inserting a single stuffing byte in
the gdaptation field\of a transport stream packet. When the adaptation_field control value is '11', the value of the
adaptation_field ength shall be in the range 0 to 182. When the adaptation_field_control value is '10', the value gf the
adaptation_field_length shall be 183. For transport stream packets carrying PES packets, stuffing is needed when thgre is
insufficient(PES packet data to completely fill the transport stream packet payload bytes. Stuffing is accomplishgqd by
deflrlng an adaptatlon fleld Ionger than the sum of the Iengths of the data elements in |t so that the payload hytes
rema 3 7 2 adaptation

field is f|IIed with stufflng bytes.

This is the only method of stuffing allowed for transport stream packets carrying PES packets. For transport stream
packets carrying sections, an alternative stuffing method is described in 2.4.4.1.

discontinuity_indicator — This is a 1-bit field which when set to '1" indicates that the discontinuity state is true for the
current transport stream packet. When the discontinuity_indicator is set to '0' or is not present, the discontinuity state is
false. The discontinuity indicator is used to indicate two types of discontinuities, system time-base discontinuities and
continuity_counter discontinuities.

A system time-base discontinuity is indicated by the use of the discontinuity_indicator in transport stream packets of a
PID designated as a PCR_PID (refer to 2.4.4.10). When the discontinuity state is true for a transport stream packet of a
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PID designated as a PCR_PID, the next PCR in a transport stream packet with that same PID represents a sample of a
new system time clock for the associated program. The system time-base discontinuity point is defined to be the instant
in time when the first byte of a packet containing a PCR of a new system time-base arrives at the input of the T-STD. The
discontinuity_indicator shall be set to '1' in the packet in which the system time-base discontinuity occurs. The
discontinuity_indicator bit may also be set to '1' in transport stream packets of the same PCR_PID prior to the packet
which contains the new system time-base PCR. In this case, once the discontinuity_indicator has been set to '1', it shall
continue to be set to "1' in all transport stream packets of the same PCR_PID up to and including the transport stream
packet which contains the first PCR of the new system time-base. After the occurrence of a system time-base
discontinuity, no fewer than two PCRs for the new system time-base shall be received before another system time-base
discontinuity can occur. Further, except when trick mode status is true, data from no more than two system time-bases
shall be present in the set of T-STD buffers for one program at any time.

Prior_to the occurrence of a system time-base discontinuity, the first byte of a transport stream packet which contains a
PTSlor DTS which refers to the new system time-base shall not arrive at the input of the T-STD. After the occurrenge of
a sygtem time-base discontinuity, the first byte of a transport stream packet which contains a PTS or DTS whieh refgrs to
the grevious system time-base shall not arrive at the input of the T-STD.

A continuity_counter discontinuity is indicated by the use of the discontinuity _indicator in any transpert stream packet.
Wheh the discontinuity state is true in any transport stream packet of a PID not designated.as,'a PCR_PID, the
continuity_counter in that packet may be discontinuous with respect to the previous transport stream packet of the $ame
PID.|When the discontinuity state is true in a transport stream packet of a PID that is desighated as a PCR_PIQ, the
contjnuity_counter may only be discontinuous in the packet in which a system time-basé discontinuity occufs. A
continuity counter discontinuity point occurs when the discontinuity state is true in a\ttansport stream packet angl the
continuity_counter in the same packet is discontinuous with respect to the previous transport stream packet of the fame
PID.|A continuity counter discontinuity point shall occur at most one time from thelinitiation of the discontinuity |state
until|the conclusion of the discontinuity state. Furthermore, for all PIDs that arginot designated as PCR_PIDs, wheh the
discgntinuity _indicator is set to '1' in a packet of a specific PID, the discontinuity_indicator may be set to '1" in the| next
trangport stream packet of that same PID, but shall not be set to '1" in thrée\consecutive transport stream packets of that
samg PID.

For the purpose of this clause, an elementary stream access point is'defined as follows:

e ISO/IEC 11172-2 video and Rec. ITU-T H.262¢ ISO/IEC 13818-2 video — The first byte of a yideo
sequence header.

» ISO/IEC 14496-2 visual — The first byte af the visual object sequence header.

*  AVC video streams conforming to one.or more profiles defined in Annex A of Rec. ITU-T H.264 | ISQ/IEC
14496-10 — The first byte of an AVEaccess unit. The SPS and PPS parameter sets referenced in thi$ and
all subsequent AVC access units in the coded video stream shall be provided after this access point ih the
byte stream and prior to their activation.

*  Video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex|G of
Rec. ITU-T H.264 J-ISO/IEC 14496-10 — The first byte of an SVC dependency representation |s an
elementary streamaceess point if the following conditions are met:

«  The subsét sequence parameter sets and picture parameter sets referenced in this and all subsequent
SVC dependency representation in the video sub-bitstream shall be provided after this access pojnt in
the byte stream and prior to their activation.

« {fthis SVC video sub-bitstream access point requires the elementary stream access point of the pame
AVC access unit, if any, contained in the corresponding elementary stream that needs to be prgsent
in decoding order before decoding the elementary stream associated with this elementary stfeam
access point, then the corresponding elementary stream shall also include an elementary stream agcess
point.

= i i i i i =hi ided sub-
bitstream of which the hierarchy_layer_index equals the hierarchy_embedded_layer_index of this SVC
sub-bitstream should have an elementary stream access point in the same access unit.

*  MVC video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex H

of Rec. ITU-T H.264 | ISO/IEC 14496-10 — The first byte of an MVC view-component subset is an
elementary stream access point if the following two conditions are met:

—  The subset sequence parameter sets and picture parameter sets referenced in this and all subsequent
MVC view-component subsets in the MVC video sub-bitstream shall be provided after this access
point in the byte stream and prior to their activation.

—  Ifthis MVC video sub-bitstream access point requires the elementary stream access point of the same
AVC access unit, if any, contained in the corresponding elementary stream that needs to be present
in decoding order before decoding the elementary stream associated with this elementary stream
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access point, then the corresponding elementary stream shall also include an elementary stream access
point.
NOTE 2 — If the hierarchy descriptor is present for this MV C video sub-bitstream, then the MV C video sub-

bitstream of which the hierarchy_layer_index equals the hierarchy_embedded_layer_index of this MVC
sub-bitstream should have an elementary stream access point in this same access unit.

«  Audio — The first byte of an audio frame.

* ISO/IEC 14496-17 text stream — The first byte of a text access unit. In case in-band sample descriptions
are used, each in-band sample description shall be provided in the ISO/IEC 14496-17 stream after this
access point and prior to its use by an access unit.

+  HEVC video streams or HEVC temporal video sub-bitstreams — The first byte of an HEVC access unit.
The VPS, SPS and PPS parameter sets, as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2, referenced in
[ this and alt SUDSequent HE VT acCess urits 1 the HEVC VITED Sequerce shatt be provided after this apcess

point in the byte stream and prior to their activation.

«  MVCD video sub-bitstreams of AVC video streams conforming to one or more profiles defined'in Anpex |
of Rec. ITU-T H.264 | ISO/IEC 14496-10 — The first byte of an MVCD view-componént-subset fis an
elementary stream access point if the following two conditions are met:

— The subset sequence parameter sets and picture parameter sets referenced in this and all subsequent
MVCD view-component subsets in the MVCD video sub-bitstream shall be provided after this agcess
point in the byte stream and prior to their activation.

— If this MVCD video sub-bitstream access point requires the elementary-stréam access point of the pame
AVC access unit, if any, contained in the corresponding elementary stream that needs to be presgnt in
decoding order before decoding the elementary stream associated”with this elementary stream agcess
point, then the corresponding elementary stream shall also include an elementary stream access pgint.

NOTE 3 — If the hierarchy descriptor is present for this MV/CD video sub-bitstream, then the MVCD pideo

sub-bitstream of which the hierarchy_layer_index equals the hierarchy_embedded_layer_index of this
MV CD sub-bitstream should have an elementary stréam access point in this same access unit.

*  VVC video streams or VVC temporal video sub-bitstceams — The first byte of a VVVC access unit. Theg DCI
NAL unit (if present) and VPS (if present), SPS and PPS parameter sets, as defined in Rec. ITU-T H.266
| ISO/IEC 23090-3, referenced in this and all\subsequent VVC access units in the VVC video seqlence
shall be provided after this access point in the byte stream and prior to being referred to.

+  EVC video streams or EVC temporal video sub-bitstreams — The first byte of an EVC access unit] The
APS, SPS and PPS, as defined in ISOHEC 23094-1, referenced in this and all subsequent EVC access|units
in the EVC video sequence shall be provided after this access point in the byte stream and prior to|their
activation.

Aftef a continuity counter discontinuity in‘a-transport packet which is designated as containing elementary stream (data,
the first byte of elementary stream data'in a transport stream packet of the same PID shall be the first byte of an elemeptary
streajn access point. In the case of ISQHEC 11172-2, or Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 14496-2 vjideo,
the fjrst byte of an elementary stream access point may also be the first byte of a sequence_end_code followed hy an
elementary stream access point:

f the
nuity
inter
Feam
ta or

Information, a
single discontinuity in the version_number of PSI sections may occur. At the occurrence of such a discontinuity, a version
of the TS program_map_sections of the appropriate program shall be sent with section_length = = 13 and the

current_next_indicator = = 1, such that there are no program_descriptors and no elementary streams described. This shall
then be followed by a version of the TS _program_map_section for each affected program with the version_number
incremented by one and the current_next_indicator = = 1, containing a complete program definition. This indicates a
version change in PSI data.

Random_access_indicator — The random_access_indicator is a 1-bit field that indicates that the current transport stream
packet, and possibly subsequent transport stream packets with the same PID, contain some information to aid random
access at this point.
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Specifically, when the bit is set to '1', the next PES packet to start in the payload of transport stream packets with the
current PID shall contain an elementary stream access point as defined in the semantics for the discontinuity_indicator
field. In addition, in the case of video, a presentation timestamp shall be present for the first picture following the
elementary stream access point.

In the case of audio, the presentation timestamp shall be present in the PES packet containing the first byte of the audio
frame. In the PCR_PID the random_access_indicator may only be set to '1' in a transport stream packet containing the
PCR fields.

Elementary_stream_priority_indicator — The elementary_stream_priority_indicator is a 1-bit field. It indicates, among
packets with the same PID, the priority of the elementary stream data carried within the payload of this transport stream
packet. A '1" indicates that the payload has a higher priority than the payloads of other transport stream packets.

In the-63 OHEC orRecHU 262 HSOHEC
to '1lonly if the payload contains one or more bytes from an intra

e set

-coded slice.

In the case of Rec. ITU-T H.264 | ISO/IEC 14496-10 video, this field may be set to '1' only if the payloadrcontaing one
or mpre bytes from a slice with slice_type setto 2, 4, 7, or 9.

A vallue of '0' indicates that the payload has the same priority as all other packets which do not have this’bit set to '1.

For MVC video sub-bitstreams or MVC base view sub-bitstreams of AVC video streams conforming to one or more
profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10, this field may be set to '1' only if the payload
contgins one or more bytes from an anchor picture, indicated by the slice_type equal to 2, 4¢7,'er 9 and the anchor_pic| flag
syntdx element equal to 1 for all prefix NAL units and slice extension NAL units.

For MVCD video sub-bitstreams or MVVCD base view sub-bitstreams of AVC videg streams conforming to one or fnore
profilles defined in Annex | of Rec. ITU-T H.264 | ISO/IEC 14496-10, this field may be set to '1' only if the payload
contains one or more bytes from an anchor picture, indicated by the slice_typeequal to 2, 4, 7, or 9 and the anchor_pic| flag
syntdx element equal to 1 for all prefix NAL units and slice extension NAC\units. In the case of HEVC video strears or
HEMC temporal video sub-bitstreams or HEVC temporal video subsets; this field may be set to '1' only if the payload
contgins one or more bytes from a slice with slice_type set to 2. A value of '0' indicates that the payload has the pame
priofity as all other packets which do not have this bit set to '1'.

In thg case of VVC video streams or VVC temporal video sub=bitstreams or VVC temporal video subsets, this field|may
be sqt to '1' only if the payload contains one or more bytes:from a slice with slice_type set to 2. A value of '0" inditates
that the payload has the same priority as all other packetsawhich do not have this bit set to '1'".

In the case of EVC video streams or EVC temporal.video sub-bitstreams, this field may be set to '1' only if the payload
contgins one or more bytes from a slice with slice_type set to 2. A value of '0' indicates that the payload has the fame
priority as all other packets which do not have this bit set to '1'.

PCH_flag — The PCR_flag is a 1-bit flag. A value of ‘1" indicates that the adaptation_field contains a PCR field coded in
two parts. A value of '0' indicates that:the adaptation field does not contain any PCR field.

OP(QR_flag — The OPCR_flag is a1-bit flag. A value of '1' indicates that the adaptation_field contains an OPCR[field
codefl in two parts. A value of ‘0“indicates that the adaptation field does not contain any OPCR field.

Spliging_point_flag — The.splicing_point_flag is a 1-bit flag. When set to '1', a splice_countdown field shall be prgsent
in thjs adaptation field\specifying the occurrence of a splicing point. A value of '0" indicates that a splice_countgown
field|is not present in“the adaptation field.

Transport_private data_flag — The transport_private_data_flag is a 1-bit flag. A value of '1" indicates that the adaptation
field|containS:one or more private_data bytes. A value of '0' indicates the adaptation field does not contain any private | data
bytes.

Adaptation—field—extension—flag—TFhe-adaptation—field—extension—flag-ts-a—t-bit-field-which-when-set-to—1jndicates
Tee N —reg e © g * =

the presence_of an_adaptation field extension. A value of '0' indicates that an adaptation field extension is not present in
the adaptation field.

Program_clock_reference_base; program_clock_reference_extension — The program_clock reference (PCR) is a
42-bit field coded in two parts. The first part, program_clock_reference_base, is a 33-bit field whose value is given by
PCR_base(i), as given in equation 2-2. The second part, program_clock_reference_extension, is a 9-bit field whose value
is given by PCR_ext(i), as given in equation 2-3. The PCR indicates the intended time of arrival of the byte containing
the last bit of the program_clock_reference_base at the input of the system target decoder.

Original_program_clock_reference_base; original_program_clock reference_extension — The optional original
program reference (OPCR) is a 42-bit field coded in two parts. These two parts, the base and the extension, are coded
identically to the two corresponding parts of the PCR field. The presence of the OPCR is indicated by the OPCR_flag.
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The OPCR field shall be coded only in transport stream packets in which the PCR field is present. OPCRs are permitted
in both single program and multiple program transport streams.

OPCR assists in the reconstruction of a single program transport stream from another transport stream. When
reconstructing the original single program transport stream, the OPCR may be copied to the PCR field. The resulting PCR
value is valid only if the original single program transport stream is reconstructed exactly in its entirety. This would
include at least any PSI and private data packets which were present in the original transport stream and would possibly
require other private arrangements. It also means that the OPCR must be an identical copy of its associated PCR in the
original single program transport stream.

The OPCR is expressed as follows:

OPCR(i) = OPCR _base(i)x300 + OPCR _ext(i) 2-8)

wherle:
OPCR _ base(i) = ((system_clock _ frequencyxt(i)) DIV 300)%2° 2-9)
OPCR _ext(i) = ((system_clock _ frequencyxt(i)) DIV 1)% 300 (2-10)

The DPCR field is ignored by the decoder. The OPCR field shall not be modified by any mdiltiplexor or decoder.

Splige_countdown — The splice_countdown is an 8-bit field, representing a value which\may be positive or negatiye. A
positive value specifies the remaining number of transport stream packets, of the.same PID, following the assodjiated
trangport stream packet until a splicing point is reached. Duplicate transport stream, packets and transport stream pagkets
only contain adaptation fields are excluded. The splicing point is located~immediately after the last byte gf the
trangport stream packet in which the associated splice_countdown field reachies zero. In the transport stream packet where
lice_countdown reaches zero, the last data byte of the transport stfeam packet payload shall be the last bytd of a

by alsequence_end_code. Transport stream packets with the same.RID; which follow, may contain data from a different

The payload of the next transport stream packet of the same™RID (duplicate packets and packets without payload feing
excluded) shall commence with the first byte of a PES;-packet. In the case of audio, the PES packet payload [shall
comimence with an access point. In the case of video, the’PES packet payload shall commence with an access poift, or
withla sequence_end_code, followed by an access peint. Thus, the previous coded audio frame or coded picture aligns
with[the packet boundary, or is padded to make this so. Subsequent to the splicing point, the countdown field may| also
be pilesent. When the splice_countdown is a negative number whose value is minus n (—n), it indicates that the assogiated
trangport stream packet is the n-th packet(following the splicing point (duplicate packets and packets without payload
being excluded).

For the definition of an elementary(stream access point, see the semantics of discontinuity_indicator.

Transport_private_data_length~— The transport_private_data length is an 8-bit field specifying the numbgr of
privgte_data bytes immediately‘following the transport private_data_length field. The number of private_data bytes|shall
be sych that private data-does not extend beyond the adaptation field.

Privpte data byte~ Fhe private_data byte is an 8-bit field that shall not be specified by ITU-T | ISO/IEC.

Adaptation_field{ extension_length — The adaptation_field_extension_length is an 8-bit field. It indicates the number
of byftes of the-exXtended adaptation field data immediately following this field, including reserved bytes if present.

Ltw| flag\(legal time window_flag) — This is a 1-bit field which when set to '1' indicates the presence of the ltw_offset
field

Piecewise_rate_flag — This is a 1-bit field which when set to '1" indicates the presence of the piecewise_rate field.

Seamless_splice_flag — This is a 1-bit flag which when set to '1' indicates that the splice_type and DTS_next_AU fields
are present. A value of ‘0" indicates that neither splice_type nor DTS _next_AU fields are present. This field shall be set
to '0" in transport stream packets in which the splicing_point_flag is set to '0". Once it is set to 1" in a transport stream
packet in which the splice_countdown is positive, it shall be set to '1' in all the subsequent transport stream packets of the
same PID that have the splicing_point_flag set to '1', until the packet in which the splice_countdown reaches zero
(including this packet).

When this flag is set, and if the elementary stream carried in this PID is not a Rec. ITU-T H.262 | ISO/IEC 13818-2 video
stream, then the splice_type field shall be set to '0000". If the elementary stream carried in this PID is an Rec. ITU-T
H.262 | ISO/IEC 13818-2 video stream, it shall fulfil the constraints indicated by the splice_type value.
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Af _descriptor_not_present_flag — This 1-bit field when set to '0' signals the presence of one or several af_descriptor()
constructs in the adaptation header. When this flag is set to '1' it indicates that the af_descriptor() is not present in the
adaptation header.

Ltw_valid_flag (legal time window_valid_flag) — This is a 1-bit field which when set to '1" indicates that the value of the
Itw_offset shall be valid. A value of ‘0" indicates that the value in the Itw_offset field is undefined.

Ltw_offset (legal time window offset) — This is a 15-bit field, the value of which is defined only if the Itw_valid flag has
a value of 'l'. When defined, the legal time window offset is in units of (300/fs) seconds, where f; is the system clock
frequency of the program that this PID belongs to, and fulfils:

offset = t; (i) —t(i)

Itw__ offset = offset//1

where i is the index of the first byte of this transport stream packet, offset is the value encoded in this figld; t(i) is the
arrivpl time of byte i in the T-STD, and ti(i) is the upper bound in time of a time interval called the legaktime window
which is associated with this transport stream packet.

The |egal time window has the property that if this transport stream is delivered to a T-STD starting at time t.(i), ije., at
the gnd of its legal time window, and all other transport stream packets of the same program are delivered at the end of
their|legal time windows, then:

+  For video — The MB,, buffer for this PID in the T-STD shall contain less-than 184 bytes of elementary
stream data at the time the first byte of the payload of this transport stream packet enters it, and no buffer
violations in the T-STD shall occur.

e Foraudio — The B, buffer for this PID in the T-STD shall contain’less than BSgec + 1 bytes of elemeptary
stream data at the time the first byte of this transport streampacket enters it, and no buffer violations in the
T-STD shall occur.

Depénding on factors including the size of the buffer MB,, and the rate)of data transfer between MB, and EB,,, it is pogsible
to dgtermine another time to(i), such that if this packet is delivered anywhere in the interval [to(i), t2(i)], no T-STD buffer
violgtions will occur. This time interval is called the legal time window. The value of to is not defined inl this
Recgmmendation | International Standard.

The |nformation in this field is intended for devices sugh as remultiplexers which may need this information in order to
recomstruct the state of the buffers MB;.

piecgwise_rate — The meaning of this 22-bit field is only defined when both the Itw_flag and the Itw_valid_flag afe set
to '11 When defined, it is a positive integer-specifying a hypothetical bitrate R which is used to define the end timgs of
the llegal Time Windows of transport stream packets of the same PID that follow this packet but do not includp the
legall time_window_offset field.

Assyme that the first byte of this transport stream packet and the N following transport stream packets of the samg PID
have| indices Ai, Ai+1, ..., Aigny Fespectively, and that the N latter packets do not have a value encoded in the [field
legall time_window_offsetCFhen the values ti(Ai+j) shall be determined by:

t(A ) =t (A) + j x188x8 bits/byte/ R

wherle j goes ftom 1 to N.

All packetsibetween this packet and the next packet of the same PID to include a legal_time_window_offset field [shall
be treated as if they had the value:

offset =t (A) —t(A)

corresponding to the value t;(.) as computed by the formula above encoded in the legal_time_window_offset field. t(j) is
the arrival time of byte j in the T-STD.

The meaning of this field is not defined when it is present in a transport stream packet with no legal_time_window_offset
field.

splice_type — This is a 4-bit field. From the first occurrence of this field onwards, it shall have the same value in all the
subsequent transport stream packets of the same PID in which it is present, until the packet in which the splice_countdown
reaches zero (including this packet). If the elementary stream carried in that PID is not a Rec. ITU-T H.262 | ISO/IEC
13818-2 video stream, then this field shall have the value '1111' (unspecified). If the elementary stream carried in that
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PID isa Rec. ITU-T H.262 | ISO/IEC 13818-2 video stream, then this field indicates the conditions that shall be respected
by this elementary stream for splicing purposes. These conditions are defined as a function of profile, level and splice_type
in Table 2-7 through Table 2-20.

In these tables, a value for 'splice_decoding_delay' and 'max_splice_rate' means that the following conditions shall be
satisfied by the video elementary stream:

1) The last byte of the coded picture ending in the transport stream packet in which the splice_countdown
reaches zero shall remain in the VBV buffer of the VBV model for an amount of time equal to
(splice_decoding_delay tn+1 — tn), where for the purpose of this subclause:

e« n is the index of the coded picture ending in the transport stream packet in which the
splice_countdown reaches zero, i.e., the coded picture referred to above.
. ta isdefinedinC 31 of Rec ITU-T H 262 ! ISOQ/EC 13818-2
e (tas1—ty) is defined in C.9 through C.12 of Rec. ITU-T H.262 | ISO/IEC 13818-2.
NOTE 4 —t, is the time when coded picture n is removed from the VBV buffer, and (tn+1 — tn) is the duration for yvhich
picture n is presented.

2) The VBV buffer of the VBV model shall not overflow if its input is switched at the splicing poin{ to a

stream of a constant rate equal to ‘'max_splice_rate' for an amount of time equal to 'splice_decoding_delay".
Table 2-7 — Splice parameters Table 1
Simple Profile Main Level, Main Profile Main Level,
SNR Profile Main Level (both layers),
Spatial Profile High-1440 Level (base layer);
High Profile Main Level (middle + base layers),
Multi-view Profile Main Level (base layer) Video
splice_type Conditions
‘0000 splice_decoding_delay = 120 ms; max_splice_rate = 15.0 x 108 bit/s
'0001' splice_decoding_delay = 150 ms; maxZsplice_rate = 12.0 x 108 bit/s
'0010° splice_decoding_delay = 225 ms; max_splice_rate = 8.0 x 10° bit/s
'0011' splice_decoding_delay = 250 ms; max_splice_rate = 7.2 x 10° bit/s
'0100' .. '1011" Reserved
'1100' .. '1110' User-defined
1111 unspecified
Table 2-8 — Splice parameters Table 2
Main Profile Low Level, SNR Profile Low Level (both layers),
High Profile Main Level (base layer),
Multi-view Profile Low Level (base layer) Video
splice_type Conditions
'0000Q! splice_decoding_delay = 115 ms; max_splice_rate = 4.0 x 10° bit/s
‘0001 splice_decoding_delay = 155 ms; max_splice_rate = 3.0 x 10° bit/s
‘0010 splice_decoding_delay = 230 ms; max_splice_rate = 2.0 x 10° bit/s
'0011" splice_decoding_delay = 250 ms; max_splice_rate = 1.8 x108 bit/s
'0100'..'1011" Reserved
'1100' .. '1110' User-defined
1111 unspecified
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Main Profile High-1440 Level, Spatial Profile High-1440 Level (all layers),

Table 2-9 — Splice parameters Table 3

High Profile High-1440 Level (middle + base layers),
Multi-view Profile High-1440 Level (base layer) Video

splice_type Conditions

'0000' splice_decoding_delay = 120 ms; max_splice_rate = 60.0 x 108 bit/s
‘0001 splice_decoding_delay = 160 ms; max_splice_rate = 45.0 x 10%bit/s
'0010' splice_decoding_delay = 240 ms; max_splice_rate = 30.0 x 10° bit/s
‘0011 splice_decoding_delay = 250 ms; max_splice_rate = 28.5 x 10° bit/s

‘0100 .. '1011" Reserved

'1100' .. '1110' User-defined
1111 unspecified

Table 2-10 — Splice parameters Table 4

Main Profile High Level, High Profile High-1440 Level (all layers),

High Profile High Level (middle + base layers),
Multi-view Profile High Level (base layer) Video

splice_type Conditions
'0000' splice_decoding_delay = 120 ms; max_splice_rate = 80.0 x"105-bit/s
‘0001 splice_decoding_delay = 160 ms; max_splice_rate = 600 x"10° bit/s
'0010' splice_decoding_delay = 240 ms; max_splice_rateZ£,40:0 x 10° bit/s
‘0011 splice_decoding_delay = 250 ms; max_splice_krate = 38.0 x 10° bit/s
‘0100 .. '1011" Reserved
'1100' .. '1110' User-defined
1111 unspecified
Table 2-11 — Splice parameters Table 5
SNR Profile low Level (base layer) Video
splice_type Conditions
‘0000 splice_decodingJdelay = 115 ms; max_splice_rate = 3.0 x 10° bit/s
‘0001 splice_decoading_delay = 175 ms; max_splice_rate = 2.0 x 108 bit/s
'0010' splice( decoding_delay = 250 ms; max_splice_rate = 1.4 x 108 bit/s
‘0011'..'1011" Reserved
'1100' .. '1110' User-defined
11171 unspecified
Table 2-12 — Splice parameters Table 6
SNR Profile Main Level (base layer) Video
splice_type Conditions
6600 sptice—decodimydetay =5 s, Tmaxsplice Tate—10:0= 105 titfs
'0001" splice_decoding_delay = 145 ms; max_splice_rate = 8.0 x 10° bit/s
'0010' splice_decoding_delay = 235 ms; max_splice_rate = 5.0 x 10° bit/s
'0011" splice_decoding_delay = 250 ms; max_splice_rate = 4.7 x 10° bit/s
'0100' .. 1011 Reserved
'1100' .. '1110' User-defined
1111 unspecified
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Table 2-13 — Splice parameters Table 7

Spatial Profile High-1440 Level (middle + base layers) Video

ISO/IEC 13818-1:2023

splice_type Conditions
‘0000 splice_decoding_delay = 120 ms; max_splice_rate = 40.0 x 10° bit/s
'0001' splice_decoding_delay = 160 ms; max_splice_rate = 30.0 x 10° bit/s
'0010' splice_decoding_delay = 240 ms; max_splice_rate = 20.0 x 108 bit/s
‘0011 splice_decoding_delay = 250 ms; max_splice_rate = 19.0 x 10° bit/s
'‘0100' .. 1011 Reserved
'1100' .. '1110' User-defined

1111

unspecified
Lad

High Profile Main Level (all layers), High Profile High-1440 Level (base layer) Vided

Table 2-14 — Splice parameters Table 8

splice_type Conditions
‘0000 splice_decoding_delay = 120 ms; max_splice_rate = 20.0 x 108 bit/s
'0001' splice_decoding_delay = 160 ms; max_splice_rate = 15.0 x 10° bit/s
‘0010 splice_decoding_delay = 240 ms; max_splice_rate = 10.0 x 108 bit/s
'0011" splice_decoding_delay = 250 ms; max_splice_rate = 9.5 x 10%bit/s
'0100' .. '1011' Reserved
'1100' .. '1110' User-defined
1111 unspecified
Table 2-15 — Splice parameters Table 9
High Profile High Level (base layer),
Multi-view Profile Main Level (both layers) Video
splice_type Conditions
‘0000 splice_decoding_delay,=< 220 ms; max_splice_rate = 25.0 x 108 bit/s
'0001' splice_decoding_delay-= 165 ms; max_splice_rate = 18.0 x 10° bit/s
'0010° splice_decoding_delay = 250 ms; max_splice_rate = 12.0 x 10° bit/s
'‘0011' .. '1011" Reserved
'1100' .. '1110' User-defined
1111 unspecified
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Table 2-16 — Splice parameters Table 10
High Profile High Level (all layers),
Multi-view Profile High-1440 Level (both layers) Video

splice_type Conditions
‘0000 splice_decoding_delay = 120 ms; max_splice_rate = 100.0 x 10° bit/s
‘0001 splice_decoding_delay = 160 ms; max_splice_rate = 75.0 x 10° bit/s
'0010' splice_decoding_delay = 240 ms; max_splice_rate = 50.0 x 108 bit/s
‘0011 splice_decoding_delay = 250 ms; max_splice_rate = 48.0 x 10° bit/s
'0100' .. 1011 Reserved
'1100'..'1110" User-defined
1111 unspecified
Table 2-17 — Splice parameters Table 11
4:2:2 Profile Main Level Video
splice_type Conditions
‘0000 splice_decoding_delay = 45 ms; max_splice_rate = 50.0 x 10° bit/s
'0001' splice_decoding_delay = 90 ms; max_splice_rate = 50.0 x 10° hit/s
'0010' splice_decoding_delay = 180 ms; max_splice_rate = 50.0 x 106 bit/s
'0011" splice_decoding_delay = 225 ms; max_splice_rate = 40,0 % 206 bit/s
'0100' splice_decoding_delay = 250 ms; max_splice_rate = 36.0"x 10° bit/s
‘'0101'..'1011" Reserved
'1100' .. '1110' User-defined
1111 unspecified
Table 2-18 — Splice parameters Table 12
Multi-view Profile Low-Level (both layers) Video
splice_type Conditions
'0000' splice_decoding_delay-= 115 ms; max_splice_rate = 8.0 x 10° bit/s
‘0001 splice_decoding_delay = 155 ms; max_splice_rate = 6.0 x 10° bit/s
'0010' splice_decoding_delay = 230 ms; max_splice_rate = 4.0 x 10° bit/s
'0011' splicedecoding_delay = 250 ms; max_splice_rate = 3.7 x 108 bit/s
'0100' .. 1011 Reseryed
'1100' .. '1110' User-defined
1111 unspecified
Table 2-19 — Splice parameters Table 13
Multi-view Profile High Level (both layers) Video
Splice_type Conditions
'0000 splice_decoding delay = 120 ms; max_splice rate = 130.0 x 108 bit/s
‘0001 splice_decoding_delay = 150 ms; max_splice_rate = 104.0 x 108 bit/s
'0010' splice_decoding_delay = 240 ms; max_splice_rate = 65.0 x 10 bit/s
'0011" splice_decoding_delay = 250 ms; max_splice_rate = 62.4 x 10 bit/s
'0100' .. 1011 Reserved
'1100' .. '1110' User-defined
1111 unspecified
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Table 2-20 — Splice parameters Table 14
4:2:2 Profile High Level Video

splice_type Conditions
‘0000 splice_decoding_delay = 45 ms; max_splice_rate = 300.0 x 10° bit/s
‘0001 splice_decoding_delay = 90 ms; max_splice_rate = 300.0 x 10° bit/s
'0010' .. '0011" Reserved
‘0100 splice_decoding_delay = 250 ms; max_splice_rate = 180.0 x 108 bit/s

‘0101'..'1011" Reserved
'1100'..'1110' User-defined

1117 unspecified
DTY next AU (decoding time stamp next access unit) — This is a 33-bit field, coded in three parts. In the) cape of
continuous and periodic decoding through this splicing point it indicates the decoding time of the firstyaccess| unit
following the splicing point. This decoding time is expressed in the time base which is valid in the transport stfream pgcket
in which the splice_countdown reaches zero. From the first occurrence of this field onwards, it shall have the same yalue
in al] the subsequent transport stream packets of the same PID in which it is present, until the,packet in which the
splice_countdown reaches zero (including this packet).
The @f _descriptor() field may carry one or more descriptors as defined in Annex U. For desCriptors carrying informption
asso¢iated with specific access units of an elementary stream, the descriptor applies to the first access unit that stafts in
the HES packet immediately following this adaptation field. There may be several TS pacKets carrying no payload bgfore
the sfart of the PES, in which case these descriptors apply to the next TS packet with-payload on the same PID.
The pdaptation field shall contain only complete af descriptor() descriptors, i.ex a single descriptor is always contained
in a gingle transport stream packet.
NOTE 5 — The adaptation field should remain relatively small; it is thereforerecommended for large descriptors to use PES cafriage
af defined in Annex U.
stuffling_byte — This is a fixed 8-bit value equal to '1111 1111' that\can be inserted by the encoder. It is discarded by the
decoger.
2436 PES packet
See Table 2-21.
Jable 2-21 — PES packet
Syntax No. of bits Mnemonic
PE$ packet() {
packet_start_code_prefix 24 bslbf
stream_id 8 uimsbf
PES_packet_length 16 uimsbf
if (stream_id != program_stream_map
&& stream_id !=-padding_stream
&& stream_jd\=)private_stream_2
&& stream “id*'= ECM
&& stream’id '= EMM
&& stream_id != program_stream_directory
&& stream_id '= DSMCC_stream
&&stream_id != ITU-T Rec. H.222.1 type E stream) {
'10' 2 bslbf
DFQ_:r‘rnmhling_r‘nnfrnl 2 bslbf
PES priority 1 bslbf
data_alignment_indicator 1 bslbf
copyright 1 bslbf
original_or_copy 1 bslbf
PTS_DTS_flags 2 bslbf
ESCR flag 1 bslbf
ES_rate_flag 1 bslbf
DSM_trick_mode_flag 1 bslbf
additional_copy_info_flag 1 bslbf
PES_CRC_flag 1 bslbf
PES_extension_flag 1 bslbf
PES_header_data_length 8 uimsbf
if (PTS_DTS_flags == 10" {
'0010" 4 bslbf
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Table 2-21 — PES packet

Syntax No. of bits Mnemonic
PTS [32..30] 3 bslbf
marker_bit 1 bslbf
PTS [29..15] 15 bslbf
marker_bit 1 bslbf
PTS [14..0] 15 bslbf
marker_bit 1 bslbf
1
if (PTS_DTS flags =="11") {
'0011" 4 bslbf
PTS[3Z.-30] 3 BSIDT
marker_bit 1 bslbf
PTS [29..15] 15 bstbf
marker_bit 1 bslbf
PTS [14..0] 15 bslbf
marker_bit 1 bslbf
‘0001 4 bslbf
DTS [32..30] 3 bslbf
marker_bit 1 bslbf
DTS [29..15] 15 bslbf
marker_bit 1 bslbf
DTS [14..0] 15 bslbf
marker_bit 1 bslbf
1
if (ESCR_flag =="1") {
reserved 2 bslbf
ESCR_base[32..30] 3 bslbf
marker_bit 1 bslbf
ESCR_base[29..15] 15 bslbf
marker_bit 1 bsibf
ESCR_base[14..0] 15 bslbf
marker_bit 1 bsibf
ESCR_extension 9 uimsbf
marker_bit 1 bslbf
1
if (ES_rate_flag=="1") {
marker_bit 1 bslbf
ES_rate 22 uimsbf
marker_bit 1 bslbf
1
if (DSM_trick_mode_flag ==(1"){
trick_mode_control 3 uimsbf
if (trick_mode .control == fast_forward ) {
field dd 2 bslbf
intra_slice_refresh 1 bslbf
frequency_truncation 2 bslbf
elsedf.(trick_mode_control == slow_motion ) {
rep_cntrl 5 uimsbf
else if (trick_mode_control == freeze_frame ) {
field_id 2 uimsbf
reserved 3 bslbf
else if (trick_mode_control == fast_reverse ) {
field_id 2 bslbf
mntra slice refresh 1 helhf
frequency_truncation 2 bslbf
else if (trick_mode_control == slow_reverse ) {
rep_cntrl 5 uimsbf
}
else
reserved 5 bslbf
1
if (additional_copy_info flag=="1") {
marker_bit 1 bslbf
additional_copy_info 7 bslbf
1
if (PES_CRC flag =="'1") {
previous PES packet CRC 16 bslbf
1
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Table 2-21 — PES packet

ISO/IEC 13818-1:2023

Syntax No. of bits Mnemonic
if (PES_extension_flag =='1") {
PES_private_data_flag 1 bslbf
pack_header_field_flag 1 bslbf
program_packet_sequence_counter_flag 1 bslbf
P-STD_buffer_flag 1 bslbf
reserved 3 bslbf
PES_extension_flag_2 1 bslbf
if (PES_private_data flag=="1") {
PES_private_data 128 bslbf
s
if (pack_header_field_flag =="1") {
pack_field_length 8 uimshf
pack_header()
if (program_packet_sequence_counter_flag =='1") {
marker_bit 1 bslbf
program_packet_sequence_counter 7 uimsbf
marker_bit 1 bslbf
MPEG1_MPEG2_identifier 1 bsibf
original_stuff_length 6 uimsbf
1
if (P-STD_buffer_flag =="1") {
‘01’ 2 bslbf
P-STD_buffer_scale 1 bsibf
P-STD_buffer_size 13 uimsbf
1
if (PES_extension_flag 2 =="1") {
marker_bit 1 bslbf
PES_extension_field_length 7 uimsbf
stream_id_extension_flag 1 bslbf
if ( stream_id_extension_flag =="'0") {
stream_id_extension 7 uimsbf
else {
reserved 6 bslbf
tref_extension_flag 1 bsibf
if (tref_extension) flag=="'0") {
reserved 4 bslbf
TREF[32..30] 3 bslbf
marker_bit 1 bslbf
TREF[29..15] 15 bslbf
marker_bit 1 bslbf
TREF[14..0] 15 bslbf
marker_bit 1 bslbf
}
o .
for (i=0;i<N3;i++){
reserved 8 bslbf
}
¥
Nl .
for'(i<0; i <N1;i++) {
stuffing_byte 8 bslbf
}
for (i <0; i <N2;i++) {
PES packet data byte 8 bslbf
}
else if ( stream_id == program_stream_map
|| stream_id == private_stream_2
|| stream_id == ECM
|| stream_id == EMM
|| stream_id == program_stream_directory
|| stream_id == DSMCC_stream
|| stream_id == ITU-T Rec. H.222.1 type E stream ) {
for (i=0; i < PES_packet_length; i++) {
PES_packet_data_byte 8 bslbf
}
else if ( stream_id == padding_stream) {
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Table 2-21 — PES packet

Syntax No. of bits Mnemonic

for (i < 0; i < PES_packet_length; i++) {
padding_byte 8 bslbf

}

}

NOTE - The value N3 equals the byte count given by PES extension_field_length minus the bytes which contain the
stream_id_extension_flag and the occurring data elements in the if-else-construct after the stream_id_extension_flag.

2.4.3°7 Semantic definition of fields in PES packet

_id Table 2-22. In transport streams, the stream_id may be set to any valid value which ‘correctly describ
ntary stream type as defined in Table 2-22. In transport streams, the elementary stream“type is specified i

the spme stream_id value. For AVC video streams conforming to one or more profiles.defined in Annex H of Rec. ITU-T
H.284 | ISO/IEC 14496-10, all MVC video sub-bitstreams of the same AVC video.Stream shall have the same strea
valug¢. For AVC video streams conforming to one or more profiles defined. in Annex | of Rec. ITU-T H.264 |
ISO/NEC 14496-10, all MVVCD video sub-bitstreams of the same AV C videa stream shall have the same stream_id

PES| packet_length — A 16-bit field specifying the number of bytes in the PES packet following the last byte of the field.
A vglue of 0 indicates that the PES packet length is neither specified\nor bounded and is allowed only in PES pafkets
whoge payload consists of bytes from a video elementary stream cehtained in transport stream packets.

PES| scrambling_control — The 2-bit PES_scrambling_control field indicates the scrambling mode of the PES packet
paylpad. When scrambling is performed at the PES level;\the PES packet header, including the optional fields yhen
present, shall not be scrambled (see Table 2-23).

Table.2-22 — Stream_id assignments

Stream_id Note stream coding

'1011 1100 1 program_stream_map

1011 1101 2,9,10)11 | private_stream_1

'1011 1110 padding_stream

'1011 1111 3 private_stream_2

110X XXxx' ISO/IEC 13818-3 or ISO/IEC 11172-3 or ISO/IEC 13818-7 or ISO/IEC 14496-B or
ISO/IEC 23008-3 audio stream number 'X XXxx'

1110 xxxx’ Rec. ITU-T H.262 | ISO/IEC 13818-2, ISO/IEC 11172-2, ISO/IEC 14496-2,

Rec. ITU-T H.264 | ISO/IEC 14496-10, Rec. ITU-T H.265 | ISO/IEC 23008-2,
Rec. ITU-T H.266 | ISO/IEC 23090-3, ISO/IEC 23094-1 or ISO/IEC 23094-2
video stream number Xxxx

'1111 0000 3 ECM_stream
'1111 0001 3 EMM stream
'1111 0010 5 Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Annex A

or ISO/IEC 13818-6_DSMCC_stream

1111 0011 2 ISO/IEC_13522_stream

'1111 0100 6 Rec. ITU-T H.222.1 type A

'1111 0101 6 Rec. ITU-T H.222.1 type B

'1111 0110 6 Rec. ITU-T H.222.1 type C

1111 0111 6 Rec. ITU-T H.222.1 type D

'1111 1000 6 Rec. ITU-T H.222.1 type E

'1111 1001 7 ancillary_stream

'1111 1010 ISO/IEC 14496-1_SL -packetized_stream
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Table 2-22 — Stream_id assignments

Stream_id Note stream coding
'1111 1011 ISO/IEC 14496-1_M4Mux_stream

'1111 1100 metadata stream

'1111 1101 8 extended_stream_id

'1111 1110° reserved data stream

'1111 1111 4 program_stream_directory

The notation x means that the values '0' or '1" are both permitted and results in the same stream type. The stream number is given by
the patues takemrby thex's:

NOJTE 1 — PES packets of type program_stream_map have unique syntax specified in 2.5.4.1.

NOJTE 2 — PES packets of type private_stream_1 and ISO/IEC_13552_stream follow the same PES packet syntax as those for RRec.
ITU-T H.262 | ISO/IEC 13818-2 video and ISO/IEC 13818-3 audio streams.

NOJTE 3 — PES packets of type private_stream_2, ECM_stream and EMM_stream are similar to private_stream)1 except thaf no
synfax is specified after PES_packet_length field.

NOJTE 4 — PES packets of type program_stream_directory have a unique syntax specified in 2.5.5.
NOJTE 5 — PES packets of type DSM-CC_stream have a unique syntax specified in ISO/IEC 13818-6.
NOJTE 6 — This stream_id is associated with stream_type 0x09 in Table 2-34.

NOJTE 7 — This stream_id is only used in PES packets, which carry data from a program¢stream or an 1ISO/IEC 11172-1 Sygtem
Strdam, in a transport stream (refer to 2.4.3.8).

NOJTE 8 — The use of stream_id OXFD (extended_stream_id) identifies that this PES packet employs an extended syntax to pefmit
add|tional stream types to be identified.

NOJTE 9 — JPEG 2000 video streams (stream_type = 0x21) are carried using the same PES packet syntax as private_stream_1.

NOJTE 10 — Timeline and External Media Information streams (stream_type'= 0x27) are carried using the same PES packet syntgx as
privpte_stream_1.

NOJTE 11 — JPEG XS video streams (stream_type = 0x32) are carried'using the same PES packet syntax as private_stream_1.

Table 2-23 — PES‘scrambling control values

Value Description
‘00 Not scrambled
‘01’ User-defined
'10' User-defined
" User-defined

PES| priority — This is a &-hit field indicating the priority of the payload in this PES packet. A '1' indicates a hjgher
prionity of the payload af-the PES packet payload than a PES packet payload with this field set to '0". A multiplexof can
use the PES_priority bit)to prioritize its data within an elementary stream. This field shall not be changed by the trangport
mechanism.

datal alignment/indicator — This is a 1-bit flag. When set to a value of "1, it indicates that the PES packet header is
immediately, followed by the video syntax element or audio sync word indicated in the data_stream_alignment_desciiptor
in 2.5.10%f this descriptor is present. If set to a value of '1' and the descriptor is not present, alignment as indicat’td in
alignment type '01'in Table 2-53, Table 2-54 or Table 2-55 is required. When set to a value of '0', it is not defined whether
any such alignment occurs or not.

copyright — This is a 1-bit field. When set to '1' it indicates that the material of the associated PES packet payload is
protected by copyright. When set to '0' it is not defined whether the material is protected by copyright. A copyright
descriptor described in 2.6.24 is associated with the elementary stream which contains this PES packet and the copyright
flag is set to 1" if the descriptor applies to the material contained in this PES packet.

original_or_copy — This is a 1-bit field. When set to '1' the contents of the associated PES packet payload is an original.
When set to '0" it indicates that the contents of the associated PES packet payload are a copy.

PTS DTS flags — This is a 2-bit field. When the PTS_DTS _flags field is set to '10', the PTS fields shall be present in the
PES packet header. When the PTS_DTS _flags field is set to '11', both the PTS fields and DTS fields shall be present in
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the PES packet header. When the PTS_DTS flags field is set to '00' no PTS or DTS fields shall be present in the PES
packet header. The value '01' is forbidden.

ESCR_flag — A 1-bit flag, which when set to '1" indicates that ESCR base and extension fields are present in the PES
packet header. When set to '0' it indicates that no ESCR fields are present.

ES _rate flag — A 1-bit flag, which when set to '1' indicates that the ES_rate field is present in the PES packet header.
When set to '0' it indicates that no ES _rate field is present.

DSM _trick_mode_flag — A 1-bit flag, which when set to '1" it indicates the presence of an 8-bit trick mode field. When
set to '0' it indicates that this field is not present.

additional_copy_info_flag — A 1-bit flag, which when set to 1" indicates the presence of the additional_copy_info field.
When set to '0' it indicates that this field is not present.

PES| CRC_flag — A 1-bit flag, which when set to '1" indicates that a CRC field is present in the PES packet. Whemset to
‘0" it indicates that this field is not present.

PES| extension_flag — A 1-bit flag, which when set to '1' indicates that an extension field exists in this PES\packet hepder.
Wheh set to '0" it indicates that this field is not present.

PES| header_data_length — An 8-bit field specifying the total number of bytes occupied by the-optional fields ang any
stuffjng bytes contained in this PES packet header. The presence of optional fields is indicated inthe byte that pregedes
the HES_header_data_length field.

marker_bit — A marker_bit is a 1-bit field that has the value '1".

PTS|(presentation time stamp) — Presentation times shall be related to decoding.times as follows: The PTS is a 33-bit
number coded in three separate fields. It indicates the time of presentation, tpa(k), in the system target decoder|of a
presgntation unit k of elementary stream n. The value of PTS is specified in Units of the period of the system ¢lock
freqyency divided by 300 (yielding 90 kHz). The presentation time is defived from the PTS according to equation|2-11
beloyv. Refer to 2.7.4 for constraints on the frequency of coding presentation timestamps.

PTS (k) = ((system_clock _ frequency:x tp,(k))DIV 300)% 2% (3-11)
n

e tpn(K) is the presentation time of presentation unit Pn(K).

case of audio, if a PTS is present in PES pacKet header it shall refer to the first access unit commencing if the
PES |packet. An audio access unit commences in &PES packet if the first byte of the audio access unit is present ip the

In the case of ISO/IEC 11172-2 video or ISO/IEC 14496-2 video, if a PTS is present in a PES packet header, it shall|refer
to the access unit containing the first picture start code that commences in this PES packet. A picture start code commgnces
in a [PES packet if the first byte of-the picture start code is present in the PES packet. For I- and P-pictures in|non-
low |delay sequences and in the,case’ when there is no decoding discontinuity between access units (aUs) k and ki, the
presgntation time tpn(k) shall be.egtal to the decoding time tgn(K’) of the next transmitted I- or P-picture (refer to 2.7.p). If
therd is a decoding discontinuity, or the stream ends, the difference between tpn(k) and tan(k) shall be the same as {f the
origipal stream had continuéd without a discontinuity and without ending.

OTE 1 - A low_delay sequence is an ISO/IEC 14496-2 video sequence in which the low_delay flag is set to '1' (refer to 6.p.3 of
I$O/IEC 14496-2)

For Rec. ITU-F H.262 | ISO/IEC 13818-2 video, if a PTS is present in a PES packet header, it shall refer to the agcess
unit fontaining the first picture start code that commences in this PES packet. A picture start code commences in a|PES
packet if‘the first byte of the picture start code is present in the PES packet. For I- and P-coded frames in non-low_glelay
sequences and in the case when there is no decoding discontinuity between access units (aUs) k and k', the presenixtion
time ton(K) shall be equal to the decoding time tgn(k’) of the next transmitted I- or P-coded frame (refer to 2.7.5). If there
is a decoding discontinuity, or the stream ends, the difference between tp,(k) and tan(k) shall be the same as if the original
stream had continued without a discontinuity and without ending.

NOTE 2 — A low_delay sequence is an Rec. ITU-T H.262 | ISO/IEC 13818-2 video sequence in which the low_delay flag is set to

'1' (refer to 6.2.2.3 of Rec. ITU-T H.262 | ISO/IEC 13818-2). Also note that for field pictures the presentation time refers to the

first field picture of the coded frame.

For AVC video streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10
video, if a PTS is present in the PES packet header, it shall refer to the first AVC access unit that commences in this PES
packet. An AVC access unit commences in a PES packet if the first byte of the AVC access unit is present in the PES
packet. To achieve consistency between the STD model and the HRD model defined in Annex C of Rec. ITU-T H.264 |
ISO/IEC 14496-10, for each decoded AVC access unit, the PTS value in the STD shall, within the accuracy of their
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respective clocks, indicate the same instant in time as the nominal DPB output time in the HRD, defined herein as to n apn(Nn)
=t,n(n) + tc * dpb_output_delay(n), where t;q(n), t;, and dpb_output_delay(n) are defined as in Annex C of Rec. ITU-T
H.264 | ISO/IEC 14496-10.

For video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex G of
Rec. ITU-T H.264 | ISO/IEC 14496-10, if a PTS is present in the PES packet header, it shall refer to the first SVC
dependency representation that commences in this PES packet. An SVC dependency representation commences in a PES
packet if the first byte of the SVC dependency representation is present in the PES packet. To achieve consistency between
the STD model and the HRD model defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, for each re-assembled
and decoded AVC access unit, the PTS value in the STD shall, within the accuracy of their respective clocks, indicate the
same instant in time as the nominal DPB output time in the HRD, defined herein as tongpw(n) = ta(n) + tc *
dpb_output_delay(n), where t,n(n), t;, and dpb_output_delay(n) are defined as in Annex C of Rec. ITU-T H.264 | ISO/IEC
14496-10

NOTE 3 - Different clocks may be used for derivation of PTS and to,n,dpb(n).

For MVC video sub-bitstreams, MVC base view sub-bitstream or AVC video sub-bitstream of MVC offAVC yideo
streains conforming to one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496~10,if a PTS is
presgnt in the PES packet header, it shall refer to the first MVC view-component subset that comnaenices in this|PES
packet. An MVC view-component subset commences in a PES packet if the first byte of the MV C view-Component sfibset
is présent in the PES packet. To achieve consistency between the STD model and the HRD modél-defined in Annex|C of
Rec.|[ITU-T H.264 | ISO/IEC 14496-10, for each re-assembled and decoded AVC access unit, the PTS value in the[STD
shall} within the accuracy of their respective clocks, indicate the same instant in time as the'neminal DPB output tifne in
the HIRD, defined herein as tondn(N) = tra(n) + tc* dpb_output_delay(n), where t;n(n),\te,*and dpb_output_delay(n) are
defirfed as in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10.

In the case of an ISO/IEC 14496-17 text stream, if a PTS is present in PES packet header, it shall refer to the firsf text
acces$s unit commencing in the PES packet. A text access unit commences,in‘@’PES packet if the first byte of thq text
access unit is present in the PES packet.

For MVCD video sub-bitstreams, MVCD base view sub-bitstream or AV.C video sub-bitstream of MVCD of AVC yideo
streains conforming to one or more profiles defined in Annex I of.\Rec. ITU-T H.264 | ISO/IEC 14496-10, if a PTS is
presgnt in the PES packet header, it shall refer to the first MVCD view-component subset that commences in this|PES
packet. An MVCD view-component subset commences in a PES packet if the first byte of the MVCD view-compgnent
subsegt is present in the PES packet. To achieve consisten¢y between the STD model and the HRD model defingd in
Anngx C of Rec. ITU-T H.264 | ISO/IEC 14496-10, for.€ach re-assembled and decoded AV C access unit, the PTS yalue
in the STD shall, within the accuracy of their respective clocks, indicate the same instant in time as the nominal DPB
outpyit time in the HRD, defined herein as toxgm(n) = tn(n) + tc * dpb_output_delay(n), where t;q(n), t.| and
dpb_[output_delay(n) are defined as in Annex CofRec. ITU-T H.264 | ISO/IEC 14496-10.

The presentation time tyn(k) shall be equal to the decoding time tgn(k) for:
+ audio access units;

« access units in Rec, ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 14496-2 low delay video sequences;
e B-picturesin ISO/IEC 11172-2, Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 14496-2 video strdams.
»  text access.units in ISO/IEC 14496-17.

If thgre is filtering in aldio, it is assumed by the system model that filtering introduces no delay, hence the sample refgrred
to byl PTS at encoding-is the same sample referred to by PTS at decoding. In the case of scalable coding refer to 2.7]6.

For HEVC video)streams, HEVC temporal video sub-bitstreams and HEVC temporal video subsets, if a PTS is prpsent
in the PES packet header, it shall refer to the first HEVC access unit that commences in this PES packet. For HEVC Yideo
sub-partitions, if a PTS is present in the PES packet header, it shall refer to the first HEVC layer componeny that
cominenees in this PES packet. An HEVC layer component commences in a PES packet if the first byte of the HEVC
layer component 1s present in the PES packet. To achieve consistency between the STD model and the HRD model
defined in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2, for each HEVC access unit the PTS value in the STD shall,
within the accuracy of their respective clocks, indicate the same instant in time as the nominal DPB output time in the
HRD, as defined in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2.

For VVC video streams, VVC temporal video sub-bitstreams and VVVC temporal video subsets, if a PTS is present in the
PES packet header, it shall refer to the first VVVC access unit that commences in this PES packet. To achieve consistency
between the STD model and the HRD model defined in Annex C of Rec. ITU-T H.266 | ISO/IEC 23090-3, for each VVC
access unit the PTS value in the STD shall, within the accuracy of their respective clocks, indicate the same instant in
time as the nominal DPB output time in the HRD, as defined in Annex C of Rec. ITU-T H.266 | ISO/IEC 23090-3.

For EVC video streams and EVC temporal video sub-bitstreams, if a PTS is present in the PES packet header, it shall
refer to the first and only EVC access unit that commences in this PES packet. To achieve consistency between the STD
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model and the HRD model defined in Annex C of ISO/IEC 23094-1, for each EVC access unit the PTS value in the STD
shall, within the accuracy of their respective clocks, indicate the same instant in time as the nominal DPB output time in
the HRD, as defined in Annex C of ISO/IEC 23094-1.

For LCEVC video streams, the PTS shall be present in the PES packet header, and it shall refer to only one LCEVC
access unit that commences in this PES packet. To achieve consistency between the STD model and the HRD model
defined in Annex C of ISO/IEC 23094-2, for each LCEVC access unit the PTS value in the STD shall, within its accuracy,
indicate the same instant in time as the nominal DPB output time in the HRD, as defined in Annex C of ISO/IEC 23094-2.

DTS (decoding time stamp) — The DTS is a 33-bit number coded in three separate fields. It indicates the decoding time,
tda(j), in the system target decoder of an access unit j of elementary stream n. The value of DTS is specified in units of
the period of the system clock frequency divided by 300 (yielding 90 kHz). The decoding time derived from the DTS
according to equation 2-12 below:

DTS(j) = ((system_clock _ frequency x td,(j))DIV 300)% 2% (4-12)

whetle tds(j) is the decoding time of access unit An(j).

In thg case of ISO/IEC 11172-2 video, Rec. ITU-T H.262 | ISO/IEC 13818-2 video, or ISO/IEC 14496-2 video, if a|]DTS
is prgsent in a PES packet header, it shall refer to the access unit containing the first picture start ‘code that commendes in
this PES packet. A picture start code commences in a PES packet if the first byte of the picture start code is present in the
PES |packet.

For AVC video streams conforming to one or more profiles defined in Annex A of Rec. IfTU-T H.264 | ISO/IEC 14496-10
videg, if a DTS is present in the PES packet header, it shall refer to the first AVC accéss unit that commences in thigPES
packet. An AVC access unit commences in a PES packet if the first byte of thetAVC access unit is present in the|PES
packet. To achieve consistency between the STD model and the HRD model defined in Annex C of Rec. ITU-T HR64 |
ISONEC 14496-10, for each AVC access unit the DTS value in the STB shall, within the accuracy of their respective
clocks, indicate the same instant in time as the nominal CPB removal time t»( n) in the HRD, as defined in Annex|C of
Rec.|ITU-T H.264 | ISO/IEC 14496-10.

For video sub-bitstreams of AVC video streams conforming; to one or more profiles defined in Annex ¢ of
Rec.|[ITU-T H.264 | ISO/IEC 14496-10, if a DTS is present.in the PES packet header, it shall refer to the first SVC
depenhdency representation that commences in this PES packet. An SVC dependency representation commences in 8 PES
packet if the first byte of the SVC dependency representation is present in the PES packet. To achieve consistency betyveen
the §TD model and the HRD model defined in Annex C'of Rec. ITU-T H.264 | ISO/IEC 14496-10, for each re-assembled
AV({ access unit the DTS value in the STD shall, within the accuracy of their respective clocks, indicate the same irjstant
in time as the nominal CPB removal time t,,(n%) in the HRD, as defined in Annex C of Rec. ITU-T H.264 | ISQ/IEC

VC video sub-bitstreams of AV.C-video streams conforming to one or more profiles defined in Annex H of
Rec.|ITU-T H.264 | ISO/IEC 14496-10, if a DTS is present in the PES packet header, it shall refer to the first MVC
viewfcomponent subset that comimences in this PES packet. An MVC view-component subset commences in a|PES
packet if the first byte of the M\V/C view-component subset is present in the PES packet. To achieve consistency betyveen
the §TD model and the HRD-nodel defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, for each re-assenpbled
AV({ access unit the DTiSvalue in the STD shall, within the accuracy of their respective clocks, indicate the same instant
in titne as the nomindl €PB removal time t,»( n ) in the HRD, as defined in Annex C of Rec. ITU-T H.264 | ISQ/IEC
14496-10.

OTE 4 — Different clocks may be used for derivation of DTS and tra( N ).

In the casetofscalable coding refer to 2.7.6.

For HEV/C video streams, HEVC temporal video sub-bitstreams and HEVC temporal video subsets, if a DTS is prgsent
in the packet header, 1t shall refer to the 111S access unit that commences I tnis packet. For video
sub-partitions, if a DTS is present in the PES packet header, it shall refer to the first HEVC layer component that
commences in this PES packet. An HEVC layer component commences in a PES packet if the first byte of the HEVC
layer component is present in the PES packet. To achieve consistency between the STD model and the HRD model
defined in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2, for each HEVC access unit the DTS value in the STD shall,
within the accuracy of their respective clocks, indicate the same instant in time as the nominal CPB removal time in the
HRD, as defined in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2.

For MVCD video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex | of
Rec. ITU-T H.264 | ISO/IEC 14496-10, if a DTS is present in the PES packet header, it shall refer to the first MVCD
view-component subset that commences in this PES packet. An MVVCD view-component subset commences in a PES
packet if the first byte of the MVVCD view-component subset is present in the PES packet. To achieve consistency between
the STD model and the HRD model defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, for each re-assembled
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AVC access unit the DTS value in the STD shall, within the accuracy of their respective clocks, indicate the same instant
in time as the nominal CPB removal time t,5( n ) in the HRD, as defined in Annex C of Rec. ITU-T H.264 | ISO/IEC
14496-10.

For VVC video streams, VVC temporal video sub-bitstreams and VVC temporal video subsets, if a DTS is present in the
PES packet header, it shall refer to the first VVC access unit that commences in this PES packet. To achieve consistency
between the STD model and the HRD model defined in Annex C of Rec. ITU-T H.266 | ISO/IEC 23090-3, for each VVC
access unit the DTS value in the STD shall, within the accuracy of their respective clocks, indicate the same instant in
time as the nominal CPB removal time in the HRD, as specified in Annex C of Rec. ITU-T H.266 | ISO/IEC 23090-3.

For EVC video streams and EVC temporal video sub-bitstreams, if a DTS is present in the PES packet header, it shall
refer to the first and only EVC access unit that commences in this PES packet. To achieve consistency between the STD
model and the HRD model defined in Annex C of ISO/IEC 23094-1, for the n-th EVC access unit the DTS value in the
STD[shall, within the accuracy of their respective clocks, Indicate the same Instant In time as the nominal CPB removal
timeft;n(n) in the HRD, as defined in Annex C of Rec. ISO/IEC 23094-1.

For L CEVC video streams, the DTS shall not be present in the PES packet header because the LCEVC decoding process
is strfictly in presentation order. This restriction on the strict coincidence of decoding order and presentation order df the
accegs units refers exclusively to the LCEVC video stream. On the other hand, the base video stream_that the LCEVC
videg stream enhances has no such restriction, which means that in this case the decoding order and-the presentation prder
can Qe different.

ESCR_base; ESCR_extension — The elementary stream clock reference is a 42-bit field,coded in two parts. The first
part,|ESCR_base, is a 33-bit field whose value is given by ESCR_base(i), as given in\equation 2-14. The second|part,
ESCR_ext, is a 9-bit field whose value is given by ESCR_ext(i), as given in equation'2-15. The ESCR field indicatgs the
interjded time of arrival of the byte containing the last bit of the ESCR_base at the iiput of the PES-STD for PES strams
(refef to 2.5.2.4).

Spedifically:
ESCR(i) = ESCR_base(i) x 300+ ESCR _ext(i) (2-13)
whete:
ESCR_base(i) = ((system_clock _ frequencyxt(i)) DIV 300)% 2% (4-14)
ESCR _ext(i) = ((system-_clock _ frequencyxt(i))DIV 1)% 300 (4-15)

The [ESCR and ES_rate field (refer to seémantics immediately following) contain timing information relating tp the
sequence of PES streams. These fields shall satisfy the constraints defined in 2.7.3.

ES_rate (elementary stream rate)> The ES_rate field is a 22-bit unsigned integer specifying the rate at which the
systgm target decoder receives bytes of the PES packet in the case of a PES stream. The ES_rate is valid in the PES pgcket
in which it is included and in‘subsequent PES packets of the same PES stream until a new ES _rate field is encountered.
The yalue of the ES_rate is-measured in units of 50 bytes/second. The value '0" is forbidden. The value of the ES rate is
used|to define the time 6farrival of bytes at the input of a P-STD for PES streams defined in 2.5.2.4. The value endoded
in the ES_rate field may vary from PES_packet to PES_packet.

tricd_mode_control — A 3-bit field that indicates which trick mode is applied to the associated video stream| (see
Tablg 2-24). In.cases of other types of elementary streams, the meanings of this field and those defined by the following
five bits are:undefined. For the definition of trick_maode status, refer to the trick mode section of 2.4.2.4.

Wheh “trick_mode status is false, the number of times N, a picture is output by the decoding process for progrepsive
sequences, is specified for each picture by the repeat_first_field and top_field_first fields in the case of
Rec. ITU-T H.262 | ISO/IEC 13818-2 video, and is specified through the sequence header in the case of ISO/IEC 11172-2
Video.

For interlaced sequences, when trick_mode status is false, the number of times N, a picture is output by the decoding
process for progressive sequences, is specified for each picture by the repeat_first_field and progressive_frame fields in
the case of Rec. ITU-T H.262 | ISO/IEC 13818-2 video.

When trick mode status is true, the number of times that a picture shall be displayed depends on the value of N.

When the value of this field changes or trick mode operations cease, any combination of the following may occur:
» discontinuity in the time base;
»  decoding discontinuity;
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« continuity counter discontinuity.

Table 2-24 — Trick mode control values

Value Description
‘000 Fast forward
'001' Slow motion
'010' Freeze frame
‘011 Fast reverse
'100' Slow reverse
o111 Reserved

In the context of trick mode, the non-normal speed of decoding and presentation may cause the values of certain flields

defirled in video elementary stream data to be incorrect. Likewise, the semantic constraint on the slice structure m
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id. The video syntax elements to which this exception applies are:
e bit_rate;
*  vbv_delay;
«  repeat_first_field;
e v_axis_positive;
«  field_sequence;
»  subcarrier;
*  Dburst_amplitude;
»  subcarrier_phase.

coder cannot rely on the values encoded in these fields when jn trick mode.

ders are not normatively required to decode the trick_mode control field. However, the following norm
rements shall apply to decoders that do decode the trick “mode_control field.

vide

be sqt to '1" indicating that there may be missing magcroblocks which the decoder may replace with co-sited macrob
of previously decoded pictures. The field_id field, defined in Table 2-25, indicates which field or fields shou
displayed. The frequency_truncation field indicates that a restricted set of coefficients may be included. The meani
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forward — The value '000', in the trick_mode_control field. When this value is present it indicates a fast for
stream and defines the meaning of the following five bits in the PES packet header. The intra_slice_refresh bit

lues of this field are shown in Table 2-26.
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In the case of Rec.”ITU-T H.262|ISO/IEC 13818-2 interlaced sequences, the picture should be displayed for

N x
is 1,
for N

ep_cntrl field'duration. If the picture is a frame picture, the first field to be displayed is the top field if top_field
and the<bottom field if top_field_first is ‘0" (refer to Rec. ITU-T H.262 | ISO/IEC 13818-2). This field is disp
x pep\entrl / 2 field duration. The other field of the picture is then displayed for N — N x rep_cntrl / 2 field durg

 first
ayed
tion.

freej

e frame — The value '010', in the trick_mode_control field. When this value is present it indicates a freeze f

ame

video stream and defines the meaning of the following five bits in the PES packet header. The field_id field, defined in
Table 2-25, identifies which field(s) should be displayed. The field id field refers to the first video access unit that
commences in the PES packet which contains the field_id field, unless the PES packet contains zero payload bytes. In the
latter case the field_id field refers to the most recent previous video access unit.

fast reverse — The value '011", in the trick_mode_control field. When this value is present it indicates a fast reverse video
stream and defines the meaning of the following five bits in the PES packet header. The intra_slice_refresh bit may be
set to '1" indicating that there may be missing macroblocks which the decoder may replace with co-sited macroblocks of
previously decoded pictures. The field_id field, defined in Table 2-25, indicates which field or fields should be displayed.
The frequency_truncation field indicates that a restricted set of coefficients may be included. The meaning of the values
of this field are shown in Table 2-26.
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slow reverse — The value '100', in the trick_mode_control field. When this value is present it indicates a slow reverse
video stream and defines the meaning of the following five bits in the PES packet header. In the case of ISO/IEC 11172-2
video and Rec. ITU-T H.262 | ISO/IEC 13818-2 video progressive sequences, the picture should be displayed for
N x rep_cntrl picture duration, where N is defined above.

In the case of Rec. ITU-T H.262 | ISO/IEC 13818-2 interlaced sequences, the picture should be displayed for
N x rep_cntrl field duration. If the picture is a frame picture, the first field to be displayed is the bottom field if
top_field_first is 1, and the top field if top_field_first is '0" (refer to Rec. ITU-T H.262 | ISO/IEC 13818-2). This field is
displayed for N x rep_cntrl / 2 field duration. The other field of the picture is then displayed for N — N x rep_cntrl / 2
field duration.

field_id — A 2-bit field that indicates which field(s) should be displayed. It is coded according to Table 2-25.

Table 2-25 — Field_id field control values

Value Description
‘00 Display from top field only
‘01 Display from bottom field only
'10' Display complete frame
11 Reserved

intrg_slice_refresh — A 1-bit flag, which when set to '1', indicates that there may be missing macroblocks between goded
slicep of video data in this PES packet. When set to '0' this may not ,eccur. For more information| see
Rec.|[ITU-T H.262 | ISO/IEC 13818-2. The decoder may replace missing macroblocks with co-sited macroblocks of
prevjously decoded pictures.

frequiency_truncation — A 2-bit field which indicates that a restricted set of*coefficients may have been used in cqding
the Viideo data in this PES packet. The values are defined in Table 2-26¢

Table 2-26 — Coefficientrselection values

Value Description
‘00’ Only DC coefficients are non-zero
‘01 Only the firstithree coefficients are non-zero
'10° Only the-first six coefficients are non-zero
11 Alt coefficients may be non-zero

rep_ntrl — A 5-bit field that indicates‘the'number of times each field in an interlaced picture should be displayed, qr the
number of times that a progressivepicture should be displayed. It is a function of the trick_mode_control field anfl the
top_field_first bit in the video séquence header whether the top field or the bottom field should be displayed first in the
case [of interlaced pictures. Thewalue '0' is forbidden.

additional_copy_info —~This 7-bit field contains private data relating to copyright information.

previous_PES packet/CRC — The previous_PES_packet CRC is a 16-bit field that contains the CRC value that yfields
a zerp output of the.16 registers in the decoder similar to the one defined in Annex A, but with the polynomial:

X16+X12+X5+1

after|processing the data bytes of the previous PES packet, exclusive of the PES packet header.

NOTE 5 - This CRC is intended for use in network maintenance such as isolating the source of intermittent errors. It is not intended
for use by elementary stream decoders. It is calculated only over the data bytes because PES packet header data can be modified
during transport.

PES private_data_flag — A 1-bit flag which when set to '1' indicates that the PES packet header contains private data.
When set to a value of '0" it indicates that private data is not present in the PES header.

pack_header_field_flag — A 1-bit flag which when set to '1' indicates that an ISO/IEC 11172-1 pack header or a program
stream pack header is stored in this PES packet header. If this field is in a PES packet that is contained in a program
stream, then this field shall be set to '0'. In a transport stream, when set to the value ‘0" it indicates that no pack header is
present in the PES header.
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program_packet_sequence_counter_flag — A 1-bit flag which when set to '1' indicates that the
program_packet_sequence_counter, MPEG1_MPEG2_identifier, and original_stuff _length fields are present in this
PES packet. When set to a value of '0' it indicates that these fields are not present in the PES header.

P-STD_buffer_flag — A 1-bit flag which when set to '1' indicates that the P-STD_buffer_scale and P-STD_buffer_size
are present in the PES packet header. When set to a value of '0" it indicates that these fields are not present in the
PES header.

PES_extension_flag_2 — A 1-bit field which when set to 1" indicates the presence of the PES_extension_field_length
field and associated fields. When set to a value of '0' this indicates that the PES_extension_field_length field and any
associated fields are not present.

PES private_data — This is a 16-byte field which contains private data. This data, combined with the fields before and
afterrsh a 8 o

countter that increments with each successive PES packet from a program stream or from an ISO/IEC 11172-1 stregm or
the RES packets associated with a single program definition in a transport stream, providing functiohality similal to a
continuity counter (refer to 2.4.3.2). This allows an application to retrieve the original PES packet,seguence of a profjram
streajm or the original packet sequence of the original ISO/IEC 11172-1 stream. The counter will*wrap around to Olafter
its maximum value. Repetition of PES packets shall not occur. Consequently, no two cornsecutive PES packets ip the

MPHEG1_MPEG2_identifier — A 1-bit flag which when set to '1' indicates that this-PES packet carries information ffrom
an I§0/IEC 11172-1 stream. When set to '0' it indicates that this PES packet carriés information from a program stram.

original_stuff_length — This 6-bit field specifies the number of, stuffing bytes used in the original
Rec.|ITU-T H.222.0 | ISO/IEC 13818-1 PES packet header or in the original 1SO/IEC 11172-1 packet header.

P-STD_buffer_scale — The P-STD_buffer_scale is a 1-bit field, the meaning of which is only defined if this PES pgcket
is coptained in a program stream. It indicates the scaling factor used\to interpret the subsequent P-STD_buffer_size field.
If thp preceding stream_id indicates an audio stream, P-STD dbuffer_scale shall have the value '0". If the precgding
stream_id indicates a video stream, P-STD_buffer_scale shallkhave the value '1'. For all other stream types, the valug may
be either '1' or '0".
P-STD_buffer_size — The P-STD_buffer_size is a 13-bit unsigned integer, the meaning of which is only defined if this
PES| packet is contained in a program stream. (It defines the size of the input buffer, BS, in the P-STD. If
P-STID_buffer_scale has the value '0', then theR-STD_buffer_size measures the buffer size in units of 128 bytgs. If
P-STID_buffer_scale has the value '1', then the.P:STD_buffer_size measures the buffer size in units of 1024 bytes. Thus:

if (P —STD_buffer_scale == 0) 116
BS, = P — STD_buffer_size x 128 (3-16)

else:
BS,, = P — STD_buffer_size x 1024 (2-17)

The pncoded value, of the P-STD buffer size takes effect immediately when the P-STD_buffer_size field is receivgd by
the Rec. ITU-TH.222.0 | ISO/IEC 13818-1 System Target Decoder (refer to 2.7.7).

For |AVC{wideo streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H]64 |
ISONEC 14496-10, the size BS, shall be larger than or equal to the size of the CPB signalled by the
Cpb&ize[ cpb cnt minusl ] specified by the NAI hrd parameters() in the AVC video stream. If the NAL
hrd_parameters() are not present in the AVC video stream, then BS, shall be larger than or equal to the size of the NAL
CPB for the byte stream format defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 as 1200 x MaxCPB for
the applied level.

For video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex G of Rec.
ITU-T H.264 | ISO/IEC 14496-10, the size BS, shall be larger than or equal to the size of the CPB signalled by the
CpbSize[ cpb_cnt_minusl ] specified by the NAL hrd_parameters() for the video sub-bitstream carried in elementary
stream ES, as defined in 2.14.3.6. If the NAL hrd_parameters() are not present in the video sub-bitstream, the size BS;
shall be larger than or equal to the size of the NAL CPB for the byte stream format defined in Rec. ITU-T H.264 |
ISO/IEC 14496-10 as 1200 x MaxCPB for the applied level for the elementary stream ES.

For MVC video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex H of
Rec. ITU-T H.264 | ISO/IEC 14496-10, the size BS, shall be larger than or equal to the size of the CPB signalled by the
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CpbSize[ cpb_cnt_minusl ] specified by the NAL hrd_parameters() for the MVC video sub-bitstreams carried in
elementary stream ES,, as defined in 2.14.3.6. If the NAL hrd_parameters() are not present in the MVC video
sub-bitstreams, the size BS, shall be larger than or equal to the size of the NAL CPB for the byte stream format defined
in Rec. ITU-T H.264 | ISO/IEC 14496-10 as 1200 x MaxCPB for the applied level for the elementary stream ES,.

PES_extension_field_length — This is a 7-bit field which specifies the length, in bytes, of the data following this field in
the PES extension field up to and including any reserved bytes.

stream_id_extension_flag — A 1-bit flag, which when set to '0" indicates that a stream_id_extension field is present in
the PES packet header. The value of '1' for this flag is reserved.

stream_id_extension — In program streams, the stream_id_extension specifies the type and number of the elementary
stream as defined by the stream_id_extension in Table 2-27. In transport streams, the stream_id_extension may be set to
any yahd-value-which-correcthy-describes-the-elementany-stream-type-as-defined-inTable2-27tn-transport-streams, the
elementary stream type is specified in the program-specific information as specified in 2.4.4. Note that this field isfused
as ar extension of the stream_id defined above. This field shall not be used unless the value of stream_id is '131071101".

Table 2-27 — Stream_id_extension assignments

stream_id_extension Note stream coding
‘000 0000 1 IPMP control information stream
'000 0001 2 IPMP stream

‘000 0010' .. '000 1111 ISO/IEC 14496-17 text stream

‘001 0000' .. '001 1111 ISO/IEC 23002-3 auxiliary video stream

‘010 0000' .. '011 1111" reserved_data_stream

'100 0000' .. '111 1117° private_stream

NOJTE 1 — PES packets of stream_id_extension 0b000 0000 (IPMP control infermation stream) have a unique syntax specified in
ISOYIEC 13818-11 (MPEG-2 IPMP).

NOJTE 2 — PES packets of stream_id_extension 0b000 0001 (IPMP stream)shave a unique syntax specified in ISO/IEC 1381
(MREG-2 IPMP).

11

stuffling_byte — This is a fixed 8-bit value equal to '1111 1111 that can be inserted by the encoder, for example to meet
the rpquirements of the channel. It is discarded by the.decoder. No more than 32 stuffing bytes shall be present i one
PES |packet header.

PES| packet_data_byte — PES_packet _data_bytes shall be contiguous bytes of data from the elementary stream
indiqated by the packet's stream_ id. (or PID. When the elementary stream data conformg to
Rec.|[ITU-T H.262 | ISO/IEC 13818-2 or ISOMEC 13818-3, the PES_packet_data_bytes shall be byte aligned to the pytes
of th|s Recommendation | International Standard. The byte-order of the elementary stream shall be preserved. The number
of PES_packet_data_bytes, N, is specified by the PES_packet_length field. N shall be equal to the value indicated ih the
PES| packet_length minus the number of bytes between the last byte of the PES_packet_length field and the| first
PES| packet_data_byte.

In the case of a privateyStream_1, private stream 2, ECM stream, or EMM_ stream, the contents of| the
PES| packet_data_byte field are user definable and will not be specified by ITU-T | ISO/IEC in the future.

padding_byte — This-is'a fixed 8-bit value equal to '1111 1111". It is discarded by the decoder.

tref |extension_ flag — A 1-bit flag, which when set to '0" indicates that a TREF field is present in the PES packet hepder.
The yalue of<t"for this flag is reserved.

TRHFAtimestamp reference) — The TREF is a 33-bit number coded in three separate fields. It indicates the decqding
time valde td, (|\ in-the system target decoder as indicated h\/ the DTS or in absence of the DTS, h\/ the PTS of thel PES

header of the same j-th access unlt in a corresponding eIementary stream n.

2.4.3.8 Carriage of program streams and ISO/IEC 11172-1 Systems streams in the transport stream

The transport stream contains optional fields to support the carriage of program streams and ISO/IEC 11172-1 Systems
streams, in a way that allows simple reconstruction of the respective stream at the decoder.

When placing a program stream into a transport stream, program stream PES packets with stream_id values of
private_stream_1, Rec. ITU-T H.262|ISO/IEC 13818-2 or ISO/IEC 11172-2 video, and ISO/IEC 13818-3 or
ISO/IEC 11172-3 audio, are carried in transport stream packets.

For these PES packets, when reconstructing the program stream at the transport stream decoder, the PES packet data is
copied to the program stream being reconstructed.
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For program streams PES packets with stream_id values of program_stream_map, padding_stream, private_stream_2,
ECM, EMM, DSM_CC_stream, or program_stream_directory, all the bytes of the program stream PES packet, except
for the packet_start_code_prefix, are placed into the data_bytes fields of a new PES packet. The stream_id of this new
PES packet has the value of ancillary_stream (refer to Table 2-22). This new PES packet is then carried in transport stream
packets.

When reconstructing the program stream at the transport stream decoder, for PES packets with a stream_id value of
ancillary_stream_id, packet_start_code_prefix is written to the program stream being reconstructed, followed by the
data_byte fields from these transport stream PES packets.

ISO/IEC 11172-1 streams are carried within transport streams by first replacing ISO/IEC 11172-1 packet headers with
Rec. ITU-T H.262 | ISO/IEC 13818-2 PES packet headers. ISO/IEC 11172-1 packet header field values are copied to the
equivalent Rec. ITU-T H.262 | ISO/IEC 13818-2 PES packet header fields.

The program_packet_sequence_counter field is included within the header of each PES packet carrying data frpm a
progfam stream, or an ISO/IEC 11172-1 System stream. This allows the order of PES packets in the original program
streajn, or packets in the original ISO/IEC 11172-1 system stream, to be reproduced at the decoder.

The pack_header() field of a program stream, or an ISO/IEC 11172-1 system stream, is carried in the transport stregm in
the header of the immediately following PES packet.

2.4.4 Program-specific information

2441 General

Program-specific information (PSI) includes both Rec. ITU-T H.222.0 | ISO/IEC 13818-1 normative data and privatq data
that gnable demultiplexing of programs by decoders. Programs are composed of one’ or more elementary streams, leach
labelled with a PID. Programs, elementary streams or parts thereof may be scrambled for conditional access. Howgver,
program-specific information shall not be scrambled.

In transport streams, program-specific information is classified into sixAtable structures as shown in Table 2-28. While
thesq structures may be thought of as simple tables, they shall be segmented into sections and inserted in transport stream
packets, some with predetermined PIDs and others with user selectable PIDs.

Table 2-28 — Program-specific information

Structure Name Stream Type Reserved PID # Description
Program association table Rec. ITU-T H.222.Q | 0x00 Associates program number and
ISO/IEC 13818-1 program map table PID
Program map table Rec. ITU-T H{222:0 | Assigned in the PAT Specifies PID values for component§ of
ISO/IEC 13818-1 one or more programs
Netvork information table Private Assigned in the PAT Physical network parameters such as
FDM frequencies, transponder numiers,
etc.
Corlditional access table Rec. ITU-T H.222.0 | 0x01 Associates one or more (private) EMM
1ISO/IEC 13818-1 streams each with a unique PID value
Transport stream Rec. ITU-T H.222.0 | 0x02 Associates one or more descriptors ffom
desgription table ISO/IEC 13818-1 Table 2-45 to an entire transport strepm
IPMP control information Rec. ITU-T H.222.0 | 0x03 Contains IPMP tool list, rights
table ISO/IEC 13818-1 container, tool container defined in
ISO/IEC 13818-11

Rec.|ITY-T H.222.0 | ISO/IEC 13818-1 defined PSI tables shall be segmented into one or more sections that are cdrried
Withm—transports—packets. A SEeCtion 1S & Symntactic structure that—shatt—be—used—for —Tmapping— each
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 defined PSI table into transport stream packets.

Along with Rec. ITU-T H.222.0 | ISO/IEC 13818-1 defined PSI tables, it is possible to carry private data tables. The
means by which private information is carried within transport stream packets is not defined by this Specification. It may
be structured in the same manner used for carrying of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 defined PSI tables, such
that the syntax for mapping this private data is identical to that used for the mapping of Rec. ITU-T H.222.0 | ISO/IEC
13818-1 defined PSI tables. For this purpose, a private section is defined. If the private data is carried in transport stream
packets with the same PID value as transport stream packets carrying program map tables (as identified in the program
association table), then the private_section syntax and semantics shall be used. The data carried in the private_data_bytes
may be scrambled. However, no other fields of the private_section shall be scrambled. This private_section allows data
to be transmitted with a minimum of structure. When this structure is not used, the mapping of private data within transport
stream packets is not defined by this Recommendation | International Standard.
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Sections may be variable in length. The beginning of a section is indicated by a pointer_field in the transport stream
packet payload. The syntax of this field is specified in Table 2-29.

Adaptation fields may occur in transport stream packets carrying transport stream sections.

Within a transport stream, packet stuffing bytes of value OXFF may be found in the payload of transport stream packets
carrying sections only after the last byte of a section. In this case all bytes until the end of the transport stream packet
shall also be stuffing bytes of value OxFF. These bytes may be discarded by a decoder. In such a case, the payload of the
next transport stream packet with the same PID value shall begin with a pointer_field of value 0x00 indicating that the
next section starts immediately thereafter.

Each transport stream shall contain one or more transport stream packets with PID value 0x0000. These transport stream
packets together shaII contain a complete program assouauon table prowdmg a complete Ilst of all programs within the
transpe alueof '1'

PID yalue 0x0000. These sections shall all use table_id value 0x00. Only sections with this value of table_id‘are permitted
with|n transport stream packets with PID value of 0x0000. For a new version of the PAT to become valid, all sectior)s (as
indidated in the last_section_number) with a new version_number and with the current_next_indicaterset to '1' must exit
Bsys flefined in the T-STD (refer to 2.4.2.1). The PAT becomes valid when the last byte of the sectienneeded to complete
the table exits Bsys.

Whepever one or more elementary streams within a transport stream are scrambled, transport-stream packets with § PID
valug¢ 0x0001 shall be transmitted containing a complete conditional access table including CA_descriptors assocjiated
with[the scrambled streams. The transmitted transport stream packets will together\form one complete version gf the
condjitional access table. The most recently transmitted version of the table with the’cdrrent_next_indicator set to a yalue
of '1]{shall always apply to the current data in the transport stream. Any changes-in scrambling making the existing ftable
invalid or incomplete shall be described in an updated version of the conditional access table. These sections will all use
tablg id value 0x01. Only sections with this table_id value are permitted within transport stream packets with a PID yalue
of 040001. For a new version of the CAT to become valid, all sections'(as indicated in the last_section_number) with a
new persion_number and with the current_next_indicator set to ‘1. must exit Bsys. The CAT becomes valid when the last
byte [of the section needed to complete the table exits Bsys.

EacH transport stream shall contain one or more transport stream packets with PID values which are labelled unddr the
progfam association table as transport stream packets containing TS program map sections. Each program listed ip the
progfam association table shall be described in a unique™T'S_program_map_section. Every program shall be fully defined
with{n the transport stream itself. Private data which-has an associated elementary_PID field in the appropriate program
map [table section is part of the program. Other.private data may exist in the transport stream without being listed ip the
progfam map table section. The most recéntly transmitted version of the TS_program_map_section with the
currgnt_next_indicator set to a value of '1' shall always apply to the current data within the transport stream. Any chgnges
in the definition of any of the programs carried within the transport stream shall be described in an updated version gf the
corrgsponding section of the program:map table carried in transport stream packets with the PID value identified gs the
progfam_map_PID for that specific.program. All transport stream packets which carry a given TS_program_map_seftion
shall{have the same PID value. During the continuous existence of a program, including all of its associated events, the
progfam_map_PID shall npt'change. A program definition shall not span more than one TS _program_map_sectign. A
new persion of a TS_program_map_section becomes valid when the last byte of that section with a new version_number
and \vith the current_pext/indicator set to 1" exits Bgys,

Sectlons with a table id value of 0x02 shall contain program map table information. Such sections may be carrigd in
trangport stream packets with different PID values.

The petwork-information table is optional, and its contents are private. If present it is carried within transport stfeam
packnts that WI|| have the same PID value, called the network PID. The network PID value is defined by the userjand,
00 stlvork

mformatlon table eX|sts |t shaII take the form of one or more prlvate sectlons

The maximum number of bytes in a section of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 defined PSI table is 1024 bytes.
The maximum number of bytes in a private_section is 4096 bytes.

The transport stream description table is optional. When present, the transport stream description is carried within
transport stream packets that have a PID value 0x0002 as specified in Table 2-28 and shall apply to the entire transport
stream. Sections of the transport stream description shall use a table_id value of 0x03 as specified in Table 2-31 and its
contents are restricted to descriptors specified in Table 2-45. The TS_description_section becomes valid when the last
byte of the section required to complete the table exits Bsys.

There are no restrictions on the occurrence of start codes, sync bytes or other bit patterns in transport stream section data.
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2.4.4.2 Pointer

The pointer_field syntax is defined in Table 2-29.

Table 2-29 — Program-specific information pointer

Syntax No. of bits

Mnemonic

pointer_field 8

uimsbf

2.4.4.3 Semantics definition of fields in pointer syntax

pointer_field — This is an 8-bit field whose value shall be the number of bytes, immediately following the pointer_field

until

0 in

the pointer_field indicates that the section starts immediately after the pointer_field). When at least one sectionegins in
a giveen transport stream packet, then the payload_unit_start_indicator (refer to 2.4.3.2) shall be set to '1' and.thé\first byte
of the payload of that transport stream packet shall contain the pointer. When no section begins in a given transport stfeam

packet, then the payload_unit_start_indicator shall be set to '0* and no pointer shall be sent in the payload of that pagket.
2.4.44  Program association table
The program association table (PAT) provides the correspondence between a program_number and the PID value df the
trangport stream packets which carry the program definition. The program_number is the aumeric label associated with a
progfam.
The pverall table is contained in one or more sections with the following syntax. It fay be segmented to occupy multiple
sectipns (see Table 2-30).
Table 2-30 — Program associatieiséction
Syntax No. of bits Mnemonigc
program_association_section() {
table_id 8 uimsbf
section_syntax_indicator 1 bslbf
0" 1 bslbf
reserved 2 bslbf
section_length 12 uimsbf
transport_stream_id 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number. 8 uimsbf
for (i = 0; i < NeiF) {
program_number 16 uimsbf
resérved 3 bslbf
if (program_number = ="'0") {
network_PID 13 uimsbf
}
else {
program_map_PID 13 uimsbf
}
}
CRC_32 32 rpchof
}
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2.4.45 Table_id assignments

The table_id field identifies the contents of a transport stream section as shown in Table 2-31.

2.4.4
tablg
secti

secti
of by
field

tran
mult

Vers
shall
currg
table
asso

curr|
curre
table

secti
Assg

tablel

Table 2-31 — table_id assignment values

2023

Value Description
0x00 program_association_section
0x01 conditional_access_section (CA_section)
0x02 TS_program_map_section
0x03 TS_description_section
0x04 ISO_IEC_14496_scene_description_section
0x05 ISO_IEC_14496_object_descriptor_section
0x06 Metadata_section
0x07 IPMP Control Information Section (defined in ISO/IEC 13818-11)
0x08 ISO_IEC 14496 section
0x09 ISO/IEC 23001-11 (Green access unit) section
O0x0A ISO/IEC 23001-10 (Quality access unit) section
0x0B ISO/IEC 23001-13 (Media Orchestration access unit) section
0x0C .. 0x37 Rec. ITU-T H.222.0 | ISO/IEC 13818-1 reserved
0x38 .. 0x3F Defined in ISO/IEC 13818-6
0x40 .. OXFE User private
OxFF Forbidden

.6 Semantic definition of fields in program association section
_id — This is an 8-bit field, which shall be set to 0x00 as shown'in Table 2-31.
bn_syntax_indicator — The section_syntax_indicator is*a1-bit field which shall be set to '1'.

bn_length — This is a 12-bit field, the first two bits of,which shall be '00'. The remaining 10 bits specify the nu

shall not exceed 1021 (Ox3FD).

bport_stream_id — This is a 16-bit field which serves as a label to identify this transport stream from any
plex within a network. Its value is defined by the user.

on_number — This 5-bit field is_the ‘version number of the whole program association table. The version nu

nt_next_indicator is set to 'L/, then the version_number shall be that of the currently applicable program associ
. When the current_next(indicator is set to '0', then the version_number shall be that of the next applicable pro
iation table.

ent_next_indicator= A 1-bit indicator, which when set to '1' indicates that the program association table s
ntly applicable/When the bit is set to ‘0", it indicates that the table sent is not yet applicable and shall be the
to becomg-valid.

bn_number — This 8-bit field gives the number of this section. The section_number of the first section in the Pro
ciation' Table shall be 0x00. It shall be incremented by 1 with each additional section in the program associ

Mmber

tes of the section, starting immediately following-the section_length field, and including the CRC. The value i this

hther

mber

be incremented by 1 modulo 82 whenever the definition of the program association table changes. When the

htion
jram

nt is
next

ram
ption

last_section_number — This 8-bit field specifies the number of the last section (that is, the section with the highest
section_number) of the complete program association table.

program_number — Program_number is a 16-bit field. It specifies the program to which the program_map_PID is
applicable. When set to 0x0000, then the following PID reference shall be the network PID. For all other cases the value
of this field is user defined. This field shall not take any single value more than once within one version of the program
association table.

NOTE — The program_number may be used as a designation for a broadcast channel, for example.

network_PID — The network PID is a 13-bit field, which is used only in conjunction with the value of the
program_number set to 0x0000, specifies the PID of the transport stream packets which shall contain the network
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information table. The value of the network _PID field is defined by the user, but shall only take values as specified in
Table 2-3. The presence of the network_PID is optional.

program_map_PID — The program_map_PID is a 13-bit field specifying the PID of the transport stream packets which
shall contain the program_map_section applicable for the program as specified by the program_number. No
program_number shall have more than one program_map_PID assignment. The value of the program_map_PID is
defined by the user, but shall only take values as specified in Table 2-3.

CRC_32—This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the decoder defined
in Annex A after processing the entire program association section.

2.4.4.7 Conditional access table

The conditional access table (CAT) provides the association between one or more conditional access (CA) systems, their
EMM streams and any special parameters associated with them. Refer to 2.6.16 for a definition of the descriptor() [field
in Tqble 2-32.

The fable is contained in one or more sections with the following syntax. It may be segmented to occupy multiple sections.

Table 2-32 — Conditional access section

Syntax No. of bits Mnemonic
CA_section() {
table_id 8 uimsbf
section_syntax_indicator 1 bslbf
0" 1 bslbf
reserved 2 bslbf
section_length 12 uimsbf
reserved 18 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for(i=0;i<N;i++){
descriptor()
}
CRC_32 32 rpchof

}

2.4.48 Semantic definition of fields in conditional access section
table_id — This is an 8-bit field; which shall be set to 0x01 as specified in Table 2-31.
sectipn_syntax_indicatap— The section_syntax_indicator is a 1-bit field which shall be set to '1".

sectipn_length — This'is a 12-bit field, the first two bits of which shall be '00'". The remaining 10-bits specify the number
of byftes of thesection starting immediately following the section_length field, and including the CRC. The value if this
field[shall net-exCeed 1021 (0x3FD).

versjon”number — This 5-bit field is the version number of the entire conditional access table. The version number|shall
be incremented by 1 modulo 32 when a change in the information carried within the CA table occurs. When the
current_next_indicator is set to '1', then the version_number shall be that of the currently applicable conditional access
table. When the current_next_indicator is set to '0', then the version_number shall be that of the next applicable conditional
access table.

current_next_indicator — A 1-bit indicator, which when set to '1' indicates that the conditional access table sent is
currently applicable. When the bit is set to ‘0", it indicates that the conditional access table sent is not yet applicable and
shall be the next conditional access table to become valid.

section_number — This 8-bit field gives the number of this section. The section_number of the first section in the
conditional access table shall be 0x00. It shall be incremented by 1 with each additional section in the conditional access
table.
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last_section_number — This 8-bit field specifies the number of the last section (that is, the section with the highest
section_number) of the conditional access table.

CRC_32—This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the decoder defined
in Annex A after processing the entire conditional access section.

2.4.4.9 Program map table

The program map table provides the mappings between program numbers and the program elements that comprise them.
A single instance of such a mapping is referred to as a "program definition". The program map table is the complete
collection of all program definitions for a transport stream. This table shall be transmitted in packets, the PID values of
which are selected by the encoder. More than one PID value may be used, if desired. The table is contained in one or
more sections with the following syntax. It may be segmented to occupy multiple sections. In each section, the section

numper-fretdstatt-beset tozero—Sectionsareidentifretby the program—number-fretet
Defipition for the descriptor() fields may be found in 2.6 (see Table 2-33).
Table 2-33 — Transport stream program map section
Syntax No. of bits | Mnermgnic
TS_program_map_section() {

table_id 8 dimsbf
section_syntax_indicator 1 bsibf
0’ L bsIbf
reserved 2 bslbf
section_length 12 uimsbf
program_number 16 uimsbf
reserved 2 bsIbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
reserved 3 bslbf
PCR_PID 13 uimsbf
reserved 4 bslbf
program_info_length 12 uimsbf
for (i=0;i<N;i++) {

descriptor()
}
for(i30;i<N1;i++){

stream_type 8 uimsbf

reserved 3 bsibf

elementary_PID 13 uimsbf

reserved 4 bsIbf

ES_info_length 12 uimsbf

for (i=0;i<N2;i++) {

descriptor()

}
}
CRC_32 32 rpchof

}

2.4.4.10 Semantic definition of fields in transport stream program map section

table_id — This is an 8-bit field, which in the case of a TS_program_map_section shall be always set to 0x02 as shown
in Table 2-31.

section_syntax_indicator — The section_syntax_indicator is a 1-bit field which shall be set to '1".
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section_length — This is a 12-bit field, the first two bits of which shall be '00'. The remaining 10 bits specify the number
of bytes of the section starting immediately following the section_length field, and including the CRC. The value in this
field shall not exceed 1021 (0x3FD).

program_number — program_number is a 16-bit field. It specifies the program to which the program_map_PID is
applicable. One program definition shall be carried within only one TS_program_map_section. This implies that a
program definition is never longer than 1016 (0x3F8). See Informative Annex C for ways to deal with the cases when
that length is not sufficient. The program_number may be used as a designation for a broadcast channel, for example. By
describing the different program elements belonging to a program, data from different sources (e.g., sequential events)
can be concatenated together to form a continuous set of streams using a program_number. For examples of applications
refer to Annex C.

version_number — This 5-bit field is the version number of the TS_program_map_section. The version number shall be
incrgmented by T modulo 32 When a change In the information carried WIthin the Section occurs. Version number refers
to the definition of a single program, and therefore to a single section. When the current_next_indicator is set to)'’) then
the viersion_number shall be that of the currently applicable TS_program_map_section. When the current_nextyindigator
is sef to '0', then the version_number shall be that of the next applicable TS _program_map_section.

currpnt_next_indicator — A 1-bit field, which when set to '1' indicates that the TS_program_map _section sgnt is
currgntly applicable. When the bit is set to '0', it indicates that the TS_program_map_section sent'is not yet appli¢able
and ghall be the next TS_program_map_section to become valid.

sectipn_number — The value of this 8-bit field shall be 0x00.
last_|section_number — The value of this 8-bit field shall be 0x00.

PCHR_PID - This is a 13-bit field indicating the PID of the transport stream packets“which shall contain the PCR fields
valid for the program specified by program_number. If no PCR is associated withraprogram definition for private strgams,
then|this field shall take the value of OX1FFF. Refer to the semantic definition of PCR in 2.4.3.5 and Table 2-B for
restrictions on the choice of PCR_PID value.

program_info_length — This is a 12-bit field, the first two bits of which shall be '00'. The remaining 10 bits specifly the
number of bytes of the descriptors immediately following the program_info_length field.

stregm_type — This is an 8-bit field specifying the type of program element carried within the packets with the PID whose
valug is specified by the elementary_PID. The values of stream_type are specified in Table 2-34.

NOTE — A Rec. ITU-T H.222.0 | ISO/IEC 13818-1 auxiliaty stream is available for data types defined by this Specification, [other
than audio, video, and DSM-CC, such as the program.stream directory and the program stream map.

Table2-34 — Stream type assignments

Value Description

0x00 ITU-T | ISO/IEC Reserved

0x01 ISO/IE€.11172-2 Video

0x02 Rec-TU-T H.262 | ISO/IEC 13818-2 Video or ISO/IEC 11172-2 constrained parameter video stream
(see Note 2)

0x03 ISO/IEC 11172-3 Audio

0x04 ISO/IEC 13818-3 Audio

0x05 Rec. ITU-T H.222.0 | ISO/IEC 13818-1 private_sections

0x06 Rec. ITU-T H.222.0 | ISO/IEC 13818-1 PES packets containing private data

0x07 ISO/IEC 13522 MHEG

6x68 Ree—H-FH222-6-HSOHECE3818-HARRex-ADBSM-EE

0x09 Rec. ITU-T H.222.1

0x0A ISO/IEC 13818-6 type A

0x0B ISO/IEC 13818-6 type B

0x0C ISO/IEC 13818-6 type C

0x0D ISO/IEC 13818-6 type D

Ox0E Rec. ITU-T H.222.0 | ISO/IEC 13818-1 auxiliary

0x0F ISO/IEC 13818-7 Audio with ADTS transport syntax

0x10 ISO/IEC 14496-2 Visual

0x11 ISO/IEC 14496-3 Audio with the LATM transport syntax as defined in ISO/IEC 14496-3
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Table 2-34 — Stream type assignments

Value Description

0x12 ISO/IEC 14496-1 SL-packetized stream or M4Mux stream carried in PES packets

0x13 ISO/IEC 14496-1 SL-packetized stream or M4Mux stream carried in ISO/IEC 14496_sections

0x14 ISO/IEC 13818-6 Synchronized Download Protocol

0x15 Metadata carried in PES packets

0x16 Metadata carried in metadata_sections

0x17 Metadata carried in ISO/IEC 13818-6 Data Carousel

0x18 Metadata carried in ISO/IEC 13818-6 Object Carousel

0x19 Metadata carried in ISO/IEC 13818-6 Synchronized Download Protocol

Ox1A IPMP stream (defined in ISO/IEC 13818-11, MPEG-2 IPMP)

0x1B AVC video stream conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 |
ISO/IEC 14496-10 or AVC video sub-bitstream of SVC as defined in 2.1.10 or MM C_base view
sub-bitstream, as defined in 2.1.103, or AVC video sub-bitstream of MVC, as défined in 2.1.8 or
MVCD base view sub-bitstream, as defined in 2.1.108, or AVC video sub-bitstream of MVCD, as
defined in 2.1.9, or AVC base layer of an HEVC video stream conforming to one or more profiles
defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2

0x1C ISO/IEC 14496-3 Audio, without using any additional transport syntax,*such as DST, ALS and SL

0x1D ISO/IEC 14496-17 Text

Ox1E Auxiliary video stream as defined in ISO/IEC 23002-3

Ox1F SVC video sub-bitstream of an AVC video stream conforming to one or more profiles defined in
Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10

0x20 MV C video sub-bitstream of an AVC video stream/onforming to one or more profiles defined in
Annex H of Rec. ITU-T H.264 | ISO/IEC 1449610

0x21 Video stream conforming to one or more profilés as defined in Rec. ITU-T T.800 | ISO/IEC 1544441

0x22 Additional view Rec. ITU-T H.262 | IS@/IEC 13818-2 video stream for service-compatible
stereoscopic 3D services (see Notes 3,and 4)

0x23 Additional view Rec. ITU-T H.264’| ISO/IEC 14496-10 video stream conforming to one or more
profiles defined in Annex A for-service-compatible stereoscopic 3D services (see Notes 3 and 4)

0x24 Rec. ITU-T H.265 | ISO/IEC-23008-2 video stream or an HEVVC temporal video sub-bitstream (see
Note 5)

0x25 HEVC temporal videa'subset of an HEVC video stream conforming to one or more profiles defined in
Annex A of Rec, ITYU-T H.265 | ISO/IEC 23008-2

0x26 MVCD videq Sub-bitstream of an AVC video stream conforming to one or more profiles defined in
Annex | gf Rec. ITU-T H.264 | ISO/IEC 14496-10

0x27 Timeline.and External Media Information Stream (see Annex U)

0x28 HEV.C enhancement sub-partition which includes Temporalld 0 of an HEVC video stream where a|l
NALSs units contained in the stream conform to one or more profiles defined in Annex G of Rec.
JTU-T H.265 | ISO/IEC 23008-2

0x29 HEVC temporal enhancement sub-partition of an HEVC video stream where all NAL units containpd
in the stream conform to one or more profiles defined in Annex G of Rec. ITU-T H.265 | ISO/IEC
23008-2

0x2A HEVC enhancement sub-partition which includes Temporalld 0 of an HEVC video stream where a|l
NAL units contained in the stream conform to one or more profiles defined in Annex H of Rec. ITY-T
H.265 | ISO/IEC 23008-2

0x2B HEVC temporal enhancement sub-partition of an HEVC video stream where all NAL units contained
in the stream conform to one or more profiles defined in Annex H of Rec. ITU-T H.265 | ISO/IEC
23008-2

0x2C Green access units carried in MPEG-2 sections

0x2D ISO/IEC 23008-3 Audio with MHAS transport syntax — main stream

0x2E ISO/IEC 23008-3 Audio with MHAS transport syntax — auxiliary stream

0x2F Quality access units carried in sections

0x30 Media Orchestration Access Units carried in sections

0x31 Substream of a Rec. ITU-T H.265 | ISO/IEC 23008 2 video stream that contains a Motion Constrained
Tile Set, parameter sets, slice headers or a combination thereof. See 2.17.5.1.

0x32 JPEG XS video stream conforming to one or more profiles as defined in ISO/IEC 21122-2
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Table 2-34 — Stream type assignments

Value Description
0x33 VVC video stream or a VVC temporal video sub-bitstream conforming to one or more profiles defined
in Annex A of Rec. ITU-T H.266 | ISO/IEC 23090-3
0x34 VVC temporal video subset of a VVC video stream conforming to one or more profiles defined in
Annex A of Rec. ITU-T H.266 | ISO/IEC 23090-3
0x35 EVC video stream or an EVC temporal video sub-bitstream conforming to one or more profiles
defined in ISO/IEC 23094-1
0x36 LCEVC video stream conforming to one or more profiles defined in ISO/IEC 23094-2
0x37 .. OXTE Rec. ITU-T H.222.0 | ISO/IEC 13818-1 reserved
Ox7F IPMP stream
0x80 .. OXFF User Private
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TU-T H.262 | ISO/IEC 13818-2 video or stream_type value 0x23 for Rec. ITU-T H,264 | ISO/IEC 14496-10 video conform
he or more profiles defined in Annex A. For service-compatible stereoscopic 8D services, the additional view is not signalled
ping stream_type values 0x02 or 0x1B.

OTE 1 - In the above table various stream types are assigned for carriage of audio signals, with or without & transport sy
ypically, the transport syntax is used for providing sync words. The use of a specific transport syntax, if atall; is specified
auses in this Specification specifying the transport of the various audio signals.

OTE 2—Rec. ITU-T H.262 | ISO/IEC 13818-2 video with frame packing arrangement information is Signalled using stream
blue 0x02.

OTE 3 —The base view of service-compatible stereoscopic 3D services is signalled using streat/type value 0x02 for Rec. |
.262 | ISO/IEC 13818-2 video or stream_type 0x1B for Rec. ITU-T H.264 | ISO/IEC 14496310 video.

OTE 4 — The additional view for service-compatible stereoscopic 3D services is signalled/using stream_type value 0x22 fo

OTE 5- In the case of a single ES carrying multiple HEVC tile substreams.that are identified through adaptation field descri
ream type 0x24 can be used if the ES is deemed to be a backward compatible HEVC stream and is decodable on a legacy d

entary PID — This is a 13-bit field specifying the PID of thetransport stream packets which carry the assoc
fam element.

nfo_length — This is a 12-bit field, the first two bits @fwhich shall be '00". The remaining 10 bits specify the nu
tes of the descriptors of the associated program element immediately following the ES_info_length field.

32— This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the decoder de

.11 Syntax of the private section

N private data is sent in transportistream packets with a PID value designated as a program map PID in the pro
iation table the private_section-shall be used. The private_section allows data to be transmitted with a minimu
ture while enabling a-decoder to parse the stream. The sections may be used in two ways: if
bn_syntax_indicator is-set-o '1', then the whole structure common to all tables shall be used; if the indicator

then only the fields.'table_id' through 'private_section_length' shall follow the common structure syntax
ntics and the rest'of-the private_section may take any form the user determines. Examples of extended use o
X are found indinformative Annex C.

vate table‘may be made of several private_sections, all with the same table_id (see Table 2-35).
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Table 2-35 — Private section

2.4.4

tablg
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priv
follg
4093
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futun

tablg

Syntax No. of Mnemonic
bits
private_section() {
table_id 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bslbf
reserved 2 bslbf
private_section_length 12 uimsbf
if (section_syntax_indicator =='0") {
for(i=0;i<N;i++) {
private_data_byte 8 bslbf
}
}
else {
table_id_extension 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for (i = 0; i < private_section_length-9; i++) {
private_data_byte 8 bslbf
}
CRC_32 32 rpchof
}
}

.12 Semantic definition of fields in private section

_id — This 8-bit field, the value of which identifies the Private Table this section belongs to. Only values defin
b 2-31 as "user private" may be used.

bn_syntax_indicator — This is a 1-bit-indicator. When set to '1', it indicates that the private section follow
Fic section syntax beyond the private: section_length field. When set to '0', it indicates that the private_data_|
bdiately follow the private_sectign” length field.

hte _indicator — This is a_1-bit'user-definable flag that shall not be specified by ITU-T | ISO/IEC in the future.

hte section_length < Ac12-bit field. It specifies the number of remaining bytes in the private section immedi
wing the private_séetion_length field up to the end of the private_section. The value in this field shall not ex
(OXFFD).

hte_data_byte = The private_data_byte field is user definable and shall not be specified by ITU-T | ISO/IEC i
.

_id<extension — This is a 16-bit field. Its use and value are defined by the user.
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by 1 modulo 32 when a change in the information carried within the private:section occurs. When the
current_next_indicator is set to '0', then the version_number shall be that of the next applicable private_section with the
same table_id and section_number.

current_next_indicator — A 1-bit field, which when set to '1' indicates that the private_section sent is currently
applicable. When the current_next_indicator is set to '1', then the version_number shall be that of the currently applicable
private_section. When the bit is set to '0", it indicates that the private_section sent is not yet applicable and shall be the

next

private_section with the same section_number and table_id to become valid.

section_number — This 8-bit field gives the number of the private_section. The section_number of the first section in a
private table shall be 0x00. The section_number shall be incremented by 1 with each additional section in this private

table
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last_section_number — This 8-bit field specifies the number of the last section (that is, the section with the highest
section_number) of the private table of which this section is a part.

CRC_32—This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the decoder defined
in Annex A after processing the entire private section.

2.4.4.13 Syntax of the transport stream section

Rec. ITU-T H.222.0 | ISO/IEC 13818-1 compliant bitstreams may carry the information defined in Table 2-36.
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 compliant decoders may decode the information defined in this table.

The transport stream description table is defined to support the carriage of descriptors as found in 2.6 for an entire
transport stream. The descriptors shall apply to the entire transport stream. This table uses a table_id value of 0x03 as
specified in Table 2-31 and is carried in transport stream packets whose PID value is 0x0002 as specified in Table 2-3.

Table 2-36 — The transport stream description table

Syntax No. of bits Mnemonic

TS_description_section() {

table_id 8 uimsbf
section_syntax_indicator 1 bslbf
0" 1 bslbf
reserved 2 bslbf
section_length 12 uimsbf
reserved 18 bslbf

version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for(i=0;i<N;i++){
descriptor()

}
CRC_32 32 rpchof

}

2.4.4.14 Semantic definition of fields in(the transport stream section
table_id — This is an 8-bit field, which'shall be set to '0x03" as specified in Table 2-31.

sectipn_length — This is a 12-bit-field, the first two bits of which shall be '00'. The remaining 10 bits specify the number
of byjtes of the section, starting-immediately following the section_length field, and including the CRC. The value i this
field|shall not exceed 1021(0x3FD).

versjon_number — ThisZ5-bit field is the version number of the whole transport stream description table. The vefsion
number shall be incremented by 1 modulo 32 whenever the definition of the transport stream description table chapges.
Whep the currentynext_indicator is set to '1', then the version_number shall be that of the currently applicable tranpport
streajn description table. When the current_next_indicator is set to '0', then the version_number shall be that of the|next
applicable transport stream description table.

currpnt.next_indicator — A 1-bit indicator, which, when set to '1', indicates that the transport stream description fable
sent Ys-eurrepti-apphcableWhen-the-bis-se incheatesthatthe Rt yet-apph Re-Sha
next table to become valid.

section_number — This 8-bit field gives the number of this section. The section_number of the first section in the transport
stream description table shall be 0x00. It shall be incremented by 1 with each additional section in the transport stream
description table.

last_section_number — This 8-bit field specifies the number of the last section (that is, the section with the highest
section_number) of the complete transport stream description table.

CRC_32 - This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the decoder defined
in Annex A after processing the entire transport stream description section.
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25 Program stream bitstream requirements

25.1 Program stream coding structure and parameters

The Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program stream coding layer allows one program of one or more elementary
streams to be combined into a single stream. Data from each elementary stream are multiplexed together with information
that allows synchronized presentation of the elementary streams within the program.

A program stream consists of one or more elementary streams from one program multiplexed together. Audio and video
elementary streams consist of access units.

Elementary stream data is carried in PES packets. A PES packet consists of a PES packet header followed by packet data.
PES packets are inserted into program stream packs.

The PES packet header begins with a 32-bit start-code that also identifies the stream (refer to Table 2-22) to which the
packet data belongs. The PES packet header may contain just a presentation time stamp (PTS) or both a presentption
timegtamp and a decoding time stamp (DTS). The PES packet header also contains other optional fields. Thepacke{ data
contgins a variable number of contiguous bytes from one elementary stream.

In a program stream, PES packets are organized in packs. A pack commences with a pack header and.is-followed by]zero
or mpre PES packets. The pack header begins with a 32-bit start-code. The pack header is used to-store timing and bjtrate
information.

The program stream begins with a system header that optionally may be repeated. The system’header carries a summary
of the system parameters defined in the stream.

This|Recommendation | International Standard does not specify the coded data whietymay be used as part of conditjonal
access systems. This Recommendation | International Standard does, however, provide mechanisms for program sefvice
provjders to transport and identify this data for decoder processing, andto ‘correctly reference data which are|here
specified.

2.5.2 Program stream system target decoder

The $emantics of the program stream and the constraints on these,semantics require exact definitions of decoding eyents
and the times at which these events occur. The definitions needed are set out in this Specification using a hypothgtical
decofler known as the program stream system target decoder, (P-STD).

The P-STD is a conceptual model used to define theséterms precisely and to model the decoding process duringy the
construction of program streams. The P-STD is defined only for this purpose. Neither the architecture of the P-STIp nor
the timing described precludes uninterrupted, synchronized playback of program streams from a variety of decoders|with
diffeyent architectures or timing schedules.

A/() ~_Video v P

--------------- P (k)
| ithbyte of (_| L ! 1

'multiplex syegm |/ =/

i J-th access unit i k-th presentation unit |

“ 5 | 5 P (K)

o L " tp, (k)

System control

H.222.0(12) F2-2

Figure 2-2 — Program stream system target decoder notation

The following notation is used to describe the program stream system target decoder and is partially illustrated
in Figure 2-2.

i, 1" areindices to bytes in the program stream. The first byte has index 0.
j isan index to access units in the elementary streams.
k, k', k" are indices to presentation units in the elementary streams.
n is an index to the elementary streams.
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t(i) indicates the time in seconds at which the i-th byte of the program stream enters the system target
decoder. The value t(0) is an arbitrary constant.

SCR(i) is the time encoded in the SCR field measured in units of the 27 MHz system clock where i is
the byte index of the final byte of the system_clock_reference_base field.

An(j) is the j-th access unit in elementary stream n. Aq(j) is indexed in decoding order.

tda(j) is the decoding time, measured in seconds, in the system target decoder of the j-th access unit in
elementary stream n.

Pn(K) is the k-th presentation unit in elementary stream n. Py(k) is indexed in presentation order.

tpn(k) is the presentation time, measured in seconds, in the system target decoder of the k-th
presentation unit in elementary stream n.
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bits for the remainder, and encoding as 33 bits of the system clock frequency divided by 300 for PTS and DTS.
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Fa(t) isthe fullness, measured in bytes, of the system target decoder input buffer for elementary,stream
n at time t.

Bn the input buffer in the system target decoder for elementary stream n.
BS, is the size of the system target decoder input buffer, measured in bytes, for elementary stregm n.

D, is the decoder for elementary stream n.

On s the reorder buffer for video elementary stream n.

.1 System clock frequency

hg information referenced in P-STD is carried by several data fields defined-in this Specification. The fields are
ed in 2.5.3.3 and 2.4.3.6. This information is coded as the sampled value of‘a system clock.

alue of the system clock frequency is measured in Hz and shall meet-the following constraints:
— 27000 000 — 810 <= system_clock_frequency <= 27 000000 + 810;

— rate of change of system_clock_frequency with time.&=75 x 10-3 Hz/s.
potation "system_clock_frequency" is used in several placesiin this Recommendation | International Standard to |refer
e frequency of a clock meeting these requirements. Far notational convenience, equations in which SCR, PTS, or

appear, lead to values of time which are accurate to-some integral multiple of (300 x 2%%/system_clock_frequgncy)
hds. This is due to the encoding of SCR timing information as 33 bits of 1/300 of the system clock frequency pllus 9

.2 Input to the program stream system,target decoder

from the program stream enters the system target decoder. The i-th byte enters at time t(i). The time at which this
enters the system target decoder can be recovered from the input stream by decoding the input system clock refefence
) fields and the program_mux rate field encoded in the pack header. The SCR, as defined in equation 2-18, is doded
0 parts: one, in units the périod of 1/300 x the system clock frequency, called system_clock_reference_base]| (see
tion 2-19), and one, called,system_clock_reference_ext equation (see equation 2-20), in units of the period df the
m clock frequency. Intthe Tollowing the values encoded in these fields are denoted by SCR_base(i) and SCR_ejt(i).
value encoded in the* SCR field indicates time t(i), where i refers to the byte containing the last bit of the
m_clock_reference) base field.

ifically:
SCR(i) =SCR_base(i) x 300 + SCR _ext(i) (2-18)

SCR _base(i) = ((system _ clock _ frequency x t(i))DIV 300)%233 (2-19)

SCR__ext(i) = ((system__clock _ frequency x t(i)) DIV 1)%300 (2-20)

The input arrival time, t(i), as given in equation 2-21, for all other bytes shall be constructed from SCR(i) and the rate at
which data arrives, where the arrival rate within each pack is the value represented in the program_mux_rate field in that

pack
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SCR(i’ i—i
_ 0 n (2-21)
system_clock _ frequency program_mux_ratex50
where:
i’ is the index of the byte containing the last bit of the system_clock_reference_base field in the
pack header
i isthe index of any byte in the pack, including the pack header
SCR(i") isthe time encoded in the system clock reference base and extension fields in units of the system
clock
program _mux rate is a field defined in 2.5.3.3.
Aftef delivery of the last byte of a pack there may be a time interval during which no bytes are delivered to the,input of
the H-STD.
2.5.23 Buffering
The PES packet data from elementary stream n is passed to the input buffer for stream n, B,. Transfer of byte i frorp the

systd

Byte)
head
but n

The
2-17

At th
that

deco
enco|
Refe
Also

The
over

for a

and:

instal
Fa(t)

Ane
head

m target decoder input to B, is instantaneous, so that byte i enters the buffer for stream n, of size BS, at time |

5 present in the pack header, system headers, program stream maps, program stream directories, or PES p
brs of the program stream such as SCR, DTS, PTS, and packet_length fields, are not'delivered to any of the bu
nay be used to control the system.

nput buffer sizes BS; through BS, are given by the P-STD buffer size parameter’in the syntax in equations 2-1¢

e decoding time, tda(j), all data for the access unit that has been in theybuffer longest, An(j), and any stuffing
mmediately precede it that are present in the buffer at the time td,(j); are removed instantaneously at time tdx(j)
ding time tda(j) is specified in the DTS or PTS fields. Decoding titmes tdn(j + 1), tda(j + 2), ... of access units wi

I to Annex C of Rec. ITU-T H.262 | ISO/IEC 13818-2, ISO/IEC 13818-3, ISO/IEC 11172-2 or ISO/IEC 111
refer to 2.7.5. As the access unit is removed from the buffer, it is instantaneously decoded to a presentation un

brogram stream shall be constructed, and t(i) shall becehosen so that the input buffers of size BS; through BSy n4

low nor underflow in the program system target decoder. That is:
0<F (t)<BS,
Itand n,
I:n (t) =0
ntaneously beforew'= t(0).

is the instantaneous fullness of P-STD buffer B.

Kception to this condition is that the P-STD buffer B, may underflow when the low_delay flag in the video seqy
br iS'set to '1' (refer to 2.4.2.7) or when trick_mode status is true (refer to 2.4.3.8).

).

ncket
fers,

and

hytes
The
hout

fded DTS or PTS fields which directly follow access unit j maybe'derived from information in the elementary stieam.

2-3.
t.

ither

ence

For

HprogramTstreams, thedetay caused by SystenT target decoder nmput bofferimgshatt-betessthamorequatto one

second except for still picture video data and ISO/IEC 14496 streams. The input buffering delay is the difference in time

betw!
Spec

een a byte entering the input buffer and when it is decoded.

ifically: in the case of no still picture video data and no ISO/IEC 14496 stream the delay is constrained by:

tdn(j)—t@i) <=1s

in the case of still picture video data the delay is constrained by:

tdn(j) —t(i)<=60's
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in the case of ISO/IEC 14496 streams the delay is constrained by:

tdn(j)—t(i)<=10's

for all bytes contained in access unit j.

For program streams, all bytes of each pack shall enter the P-STD before any byte of a subsequent pack.

When the low_delay flag in the video sequence extension is set to '1' (refer to 6.2.2.3 of Rec. ITU-T H.262 |
ISO/IEC 13818-2), the VBV buffer may underflow. In this case when the P-STD elementary stream buffer B, is examined
at the time specified by tdn(j), the complete data for the access unit may not be present in the buffer B,. When this case
arises, the buffer shall be re-examined at intervals of two field-periods until the data for the complete access unit is present
in the buffer. At this time the entire access unit shall be removed from buffer B, instantaneously.

VBV
from

bitstieam. The decoder may be unable to re-establish correct decoding and display times as indicated by DTS and

until

2.5.2

It is
elem
streal
is us
elem
N

Asa
with
head

Buff

buffer B, at the earliest time consistent with the paragraph above and any DTS or PTS values encoded in

the VBV buffer underflow situation ceases and a PTS or DTS is found in the bitstream.

.4 PES streams

ed in place of the SCR, and ES _rate in place of program_mux_rate. The demultiplexor sends data to only
entary stream buffer.

OTE - In the following equations, unit conversion should be implicitly performedcsappropriate.

ers, pack headers and system headers.

br sizes BS, in the PES-STD model are defined as follows:
—  ForRec. ITU-T H.262 | ISO/IEC 13818-2 video:

BS, = VBV yaxfprofile, level] + BSon

maximum VBV size and bit.fate per profile, level, and layer as defined in Tables 8-14 and
respectively, of Rec. ITU-T(H;262 | ISO/IEC 13818-2. BSyy is allocated for PES packet header over

—  For ISO/IEC 11172-2_video:

BSn = VBVmax + BSoh

vbv_buffer)size for a constrained parameter bitstream in ISO/IEC 11172-2 respectively.
—  FordSO/IEC 11172-3 or ISO/IEC 13818-3 audio:

BS, = 2848 bytes

<% For ISO/IEC 13818-7 ADTS audio:

66

BSy = 2848 bytes IT 1-2 channels
BS, = 7200 bytes if 3-8 channels
BS, = 10800 bytes if 9-12 channels
BSn = 43200 bytes if 13-48 channels

BSqh = (1/750) seconds x Rmax[profile, level], where VBV nax[profile, level] and Rmax[profile, level] a:F the

buffer underflow is allowed to occur continuously without limit. The P-STD decoder shall remove access-unif data

the

PTS

possible to construct a stream of data as a contiguous stream of PES packets each containing data of the same
entary stream and with the same stream_id. Such a stream is called a PES stream. The.PES-STD model for a|PES
M is identical to that for the program stream, with the exception that the Elementary Stream Clock Reference (E$CR)

one

PES stream only carries a single elementary stream, the buffer sizes irtlie PES-STD do not account for multiplgxing
other elementary streams, but only for multiplexing of the elementary stream carried in the PES stream with|PES

-13,
ead.

BSoh = (1/750) seconds x Rmax, Where Rmax and vbv_max refer to the maximum bitrate and maximum

Note that the above numbers differ from the BS, numbers specified in 2.4.3.2 due to the fact that a PES

stream carries a single elementary stream only.
—  For ISO/IEC 14496-3 audio, except for ISO/IEC 14496-3 DST, ALS and SLS:

BS, = 2848 bytes if 1-2 channels
BS: = 7200 bytes if 3-8 channels
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BS, = 10800 bytes if 9-12 channels
BSn = 43200 bytes if 13-48 channels

Note that the above numbers differ from the BSn numbers specified in 2.11.2.2 due to the fact that a PES

stream carries a single elementary stream only.
For ISO/IEC 14496-3 DST-64 audio:

BS, = 5000 x (number of channels) bytes; hence for stereo BS,, = 10 000 bytes
and for 5.1 surround sound audio BS, = 30 000 bytes

For ISO/IEC 14496-3 DST-128 audio:

2525

Decqding and presentation in the program stream system target decoder are the same as defined for the transport st

BS» =10 000 x (number of channels) bytes; hence for stereo BS, = 20 000 bytes
and for 5.1 surround sound audio BS, = 60 000 bytes

For ISO/IEC 14496-3 DST-256 audio:

BS, =20 000 x (number of channels) bytes; hence for stereo BS,, = 40 000 bytes
and for 5.1 surround sound audio BS, = 120 000 bytes

For ISO/IEC 14496-3 ALS and SLS audio:

BS, =33 000 x (number of channels) bytes; hence for stereo-BS, = 66 000 bytes
and for 5.1 surround sound audio BS, = 198 000 bytes

For Rec. ITU-T H.264 | ISO/IEC 14496-10 video:
BS, = 1200 x MaxCPBJ[level] + BSon

where MaxCPBIJlevel] is defined in Table A.1 (Lével Limits) in Rec. ITU-T H.264 | ISO/IEC 1449

for each level.

Decoding and presentation

systdm target decoder in 2.4.2.5 and 2.4.2.6 respéctively.

2.5.206 P-STD extensions for carriage 0f)ISO/IEC 14496 data

For decoding of ISO/IEC 14496 data carried in a program stream the P-STD model is extended. For decoding of indiv|
ISO/JEC 14496 elementary stream§ in the P-STD see 2.11.2. Clause 2.11.3 defines P-STD extensions and paramete

decofling of ISO/IEC 14496 scenes and associated streams.

2537

For glecoding of AVE-video streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.

ISOEC 14496-10<vidéo streams carried in a program stream in the P-STD model, see 2.14.3.2, for decoding of

videqz streams conforming to one or more profiles defined in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10 c4
i

ina
prof

P-STD extensionsfor carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 video

rogram stream in the P-STD model, see 2.14.3.6 and for decoding of AVC video streams conforming to one or
les defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 carried in a program stream in the P-STD m
see 4.14.3:8.

6-10

feam

dual
s for

D64 |
\\V/C
rried
more
pdel,

2.5.2.8 P-STD extensions for carriage of ISO/IEC 14496-17 text streams

For decoding of ISO/IEC 14496-17 text streams carried in a program stream in the P-STD model, see 2.15.3.2.

253

Specification of the program stream syntax and semantics

The following syntax describes a stream of bytes.

2531

Program stream

See Table 2-37.
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Table 2-37 — Program stream

Syntax

No. of bits | Mnemonic

MPEG2_program_stream() {
do {
pack()
} while (nextbits() = = pack_start_code)
MPEG_program_end_code
}

32 bslbf

2.5.3.2 Semantic definition of fields in program stream

MPE
1001

2.5.3

See

FG_program_end_code — The MPEG_program_end_code is the bit string '0000 0000 0000 0000 0000 000%,[1011

' (0x000001B9). It terminates the program stream.

.3 Pack layer of program stream

Tables 2-38 and 2-39.

Table 2-38 — Program stream pack

Syntax

No. of bits\ p Mnemonic

pack() {
pack_header()

PES_packet()

while (nextbits() = -= packet_start_code_prefix) {

68
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Table 2-39 — Program stream pack header
Syntax No. of bits | Mnemonic
pack_header() {

pack_start_code 32 bsibf
'01' 2 bslbf
system_clock_reference_base [32..30] 3 bslbf
marker_bit 1 bslbf
system_clock_reference_base [29..15] 15 bslbf
marker_bit 1 bsIbf
system clock reference base [14..0] 15 bslbf
marker_bit 1 bslbf
system_clock_reference_extension 9 uimsbf
marker_bit 1 bsIbf
program_mux_rate 22 uimsbf
marker_bit 1 bslbf
marker_bit 1 bslbf
reserved 5 bsIbf
pack_stuffing_length 3 uimsbf
for (i = 0; i < pack_stuffing_length; i++) {

stuffing_byte 3 bsibf
}
if (nextbits() = = system_header_start_code) {

system_header ()
}

}
2.5.34 Semantic definition of fields in program stream pack
pacK _start code — The pack_start_code is the bit string ‘0000 0000 0000 0000 0000 0001 1011 1010' (0x000001BA). It

identifies the beginning of a pack.

systdm_clock_reference_base; system_clock ‘reference_extension — The system clock reference (SCR) is a 42-bit
codef in two parts. The first part, system_clock-reference_base, is a 33-bit field whose value is given by SCR_base
given in equation 2-19. The second part, ‘system_clock reference_extension, is a 9-bit field whose value is givd
SCR] ext(i), as given in equation 2-204The SCR indicates the intended time of arrival of the byte containing the lal
of the system_clock_reference_base-atthe input of the program target decoder.

The frequency of coding requirements for the SCR field are given in 2.7.1.

marker_bit — A marker_bit-isa 1-bit field that has the value '1".

program_mux_rate < This is a 22-bit integer specifying the rate at which the P-STD receives the program stream d
the plack in which itlis-included. The value of program_mux_rate is measured in units of 50 bytes/second. The value
forbidden. The value represented in program_mux_rate is used to define the time of arrival of bytes at the input to t
STD| in 2.5,2:>Fhe value encoded in the program_mux_rate field may vary from pack to pack in a Rec. I
H.222.0 | ISO/IEC 13818-1 program multiplexed stream.

pacK_stuffing_length — A 3-bit integer specifying the number of stuffing bytes which follow this field.

field
i) as
n by
5t bit

ring
'0'is
he P-
[U-T

stuffing_byte — This is a fixed 8-bit value equal to '1111 1111' that can be inserted by the encoder, for example to
the requirements of the channel. It is discarded by the decoder. In each pack header no more than 7 stuffing bytes
be present.

2.5.3.5 System header
See Table 2-40.
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Table 2-40 — Program stream system header

Syntax No. of bits Mnemonic
system_header () {
system_header_start_code 32 bslbf
header_length 16 uimsbf
marker_bit 1 bslbf
rate_bound 22 uimsbf
marker_bit 1 bslbf
audio_bound 6 uimsbf
fixed_flag 1 bslbf
CSPS_flag 1 bslbf
system_audio_lock_flag 1 bslbf
system_video_lock_flag 1 bslbt
marker_bit 1 bslbf;
video_bound 5 uimsbf
packet_rate_restriction_flag 1 bstbf
reserved_bits 7 bslbf
while (nexthits () =="1") {
stream_id 8 uimsbf
if (stream_id =="1011 0111") {
11° 2 bslbf
'000 0000* 7 bslbf
stream_id_extension 7 uimsbf
'1011 0110° 8 bslbf
11 2 bslbf
P-STD_buffer_bound_scale 1 bslbf
P-STD_buffer_size_bound 13 uimsbf
}
else {
11° 2 bslbf
P-STD_buffer_bound_scale 1 bslbf
P-STD_buffer_size_bound 13 uimsbf
}
}
}
2.5.36 Semantic definition of fields in system header
systqm_header_start_code — The system_header_start_code is the bit string ‘0000 0000 0000 0000 0000 0001 [1011
1011 (0x000001BB). It identifies the beginning of a system header.
header_length — This 16-bit field indicates the length in bytes of the system header following the header_length field.
Future extensions of this Specificatidn-may extend the system header.
rate[bound — A 22-bit field. Theirate_bound is an integer value greater than or equal to the maximum value of the
progfam_mux_rate field coded)in any pack of the program stream. It may be used by a decoder to assess whethef it is
capaple of decoding the entire stream.
audip_bound — A 6<bit field. The audio_bound is an integer in the inclusive range from 0 to 32 and is set to a yalue
greafer than or equal’to the maximum number of ISO/IEC 13818-3 and ISO/IEC 11172-3 audio streams in the profjram

streal
of al
Unit

fixed

is being-presented in the P-STD model.

m for which-thie decoding processes are simultaneously active. For the purpose of this subclause, the decoding process
ISO/IEC\13818-3 or ISO/IEC 11172-3 audio stream is active if the STD buffer is not empty or if a Presentation

| flag — The fixed_flag is a 1-bit flag. When set to '1' fixed bitrate operation is indicated. When set to '0" varjiable

bitrate operation is indicated. During fixed bitrate operation, the value encoded in all system_clock_reference fields in
the multiplexed Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream shall adhere to the following linear equation:

70

SCR_base(i) = ((c1 x i + ¢2) DIV 300) % 2% (2-22)

SCR_ext(i) = ((c1 x i + ¢2) DIV 300) % 300 (2-23)
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where:

cl is areal-valued constant valid for all i.
c2 is areal-valued constant valid for all i.

i is the index in the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 multiplexed stream of the
containing the final bit of any system_clock_reference field in the stream.

byte

CSPS_flag — The CSPS_flag is a 1-bit field. If its value is set to "1' the program stream meets the constraints defined
in 2.7.9.

system_audio_lock flag — The system_audio_lock flag is a 1-bit field indicating that there is a specified, constant
rational relationship between the audio sampling rate and the system_clock frequency in the system target decoder. The
system_clock_frequency is defined in 2.5.2.1 and the audio sampling rate is specified in ISO/IEC 13818-3. The

systd
streal
indig

The

m_audio_lock_flag may only be setto 1" It, Tor all presentation units in all audio elementary streams in the pro
M, the ratio of system_clock_frequency to the actual audio sampling rate, SCASR, is constant and equal to'the
ated in the following table at the nominal sampling rate indicated in the audio stream.

system_ clock _ frequency
audio_sample_rate_in_the_P-STD

SCASR=

notation é denotes real division.

jram
alue

-24)

fr

D

minal audio
sampling
uency (kHz)

16 32 22.05 441 24 48

27 000 000 27 000 000 27000 000 274000 000 27 000 000

27000 0

SCASR

16 000 32 000 22 050 44100

systq
ratio
systd
ITUS
time
For

1", th
indig
Forl
vide
time
sequ

For

parameter time_scale. If-the system_video_lock flag is set to '1' for an AVC video stream or for a video sub-bitst

then
systd
with

m_video_lock flag — The system_video lock flag is a 1-bit.field indicating that there is a specified, con
nal relationship between the video time base and the system clock frequency in the system target decoder.
m_video_lock_flag may only be set to '1" if, for all presentation units in all video elementary streams in the
T H.222.0 | ISO/IEC 13818-1 program, the ratio of .system_clock frequency to the frequency of the actual
base is constant.

SO/IEC 11172-2 and Rec. ITU-T H.262 | ISQIEC 13818-2 video streams, if the system_video_lock flag is §
en the ratio of system_clock_frequency to the actual video frame rate, SCFR, shall be constant and equal to the
ated in the following table at the nominalframe rate indicated in the video stream.

O/1EC 14496-2 video streams, if the system_video_lock flag is setto '1', then the time base of the ISO/IEC 144
stream, as defined by vop_time=increment_resolution, shall be locked to the STC and shall be exactly equal
system_clock frequency divided by K, with N and K integers that have a fixed value within each visual 0
ence, with K greater than.or'equal to N.

Rec. ITU-T H.264 | ISOIIEC 14496-10 video streams, the frequency of the AVC time base is defined by the
the frequency~of/the AVC time base shall be locked to the STC and shall be exactly equal to N

m_clock_freguency divided by K, with N and K integers that have a fixed value within each AVC video sequ
K greaterd¢han or equal to N.

SCER = System_ clock _ frequency

stant
The
Rec.
ideo

et to
alue

96-2
toN
bject

N\\VC

am,
imes
bnce,

frame rate in the P—-STD

-25)

Nominal
frame rate
(Hz)

23.976

24

25

29.97

30

50

59.94

60

SCFR

1126 125

1125 000

1080 000

900 900

900 000

540 000

450 450

450 000

The values of the ratio SCFR are exact. The actual frame rate differs slightly from the nominal rate in cases where the
nominal rate is 23.976, 29.97, or 59.94 frames per second.
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video_bound — The video_bound is a 5-bit integer in the inclusive range from 0 to 16 and is set to a value greater than or
equal to the maximum number of video streams in the program stream of which the decoding processes are simultaneously
active. For the purpose of this subclause, the decoding process of a video stream is active if one of the buffers in the
P-STD model is not empty, or if a Presentation Unit is being presented in the P-STD model.

packet_rate_restriction_flag — The packet_rate_restriction_flag is a 1-bit flag. If the CSPS flag is set to ‘1, the
packet_rate_restriction_flag indicates which constraint is applicable to the packet rate, as specified in 2.7.9. If the CSPS
flag is set to value of '0', then the meaning of the packet_rate_restriction_flag is undefined.

reserved_bits — This 7-bit field is reserved for future use by ISO/IEC. Until otherwise specified by ITU-T | ISO/IEC it
shall have the value '111 1111".

If stieam_id equals '1011 1000' the P-STD_buffer_bound_scale and P-STD_buffer_size_bound fields following the
stream_id refer to all audio streams in the program stream.

If stfeam_id equals '1011 1001' the P-STD_buffer_bound_scale and P-STD_buffer_size_bound figlds following the
stream_id refer to all video streams in the program stream.

If stfeam_id equals 1111 1101', the P-STD_buffer_bound_scale and P-STD_buffer_size_baound Tfields following the
streayn_id refer to all elementary streams with an extended_stream_id in the program stream, independent of the cpded
valug of the stream_id_extension in the PES header of those streams.

If stfeam_id equals '1011 0111', the following stream_id_extension field shall be inferpreted as referring to the stfeam
coding and elementary stream number according to Table 2-27.

If thq stream_id takes on any other value it shall be a byte value greater than or equal to '1011 1100' and shall be interpyeted
as referring to the stream coding and elementary stream number according-te Table 2-22.

EacH elementary stream present in the program stream shalll have its P-STD_buffer_bound_scale | and
P-STID_buffer_size_bound specified exactly once by this mechanism.in each system header.

stregm_id_extension — The stream_id_extension is a 7-bit field{n case the stream_id field is coded with the value .011
011%, then the stream_id_extension indicates the coding*and elementary stream number of the stream with an
extended stream_id to which the P-STD_buffer_boundiscale and P-STD_buffer_size bound fields following the
strean_id_extension field refer.

P-STD_buffer_bound_scale — The P-STD_buffer:bBound_scale is a 1-bit field that indicates the scaling factor uspd to
interpret the subsequent P-STD_buffer_size bound field. If the preceding stream_id indicates an audio stpeam,
P-STID_buffer_bound_scale shall have thexvalue '0. If the preceding stream_id indicates a video stjeam,
P-STD_buffer_bound_scale shall have“-the value 'l'. For all other stream types, the value of| the
P-STID_buffer_bound_scale may be either'1' or '0".

P-STD_buffer_size_bound — The\R‘STD_buffer_size_bound is a 13-bit unsigned integer defining a value greater|than
or equal to the maximum P-STD input buffer size, BS,, over all packets for stream n in the program strea. If

P-STID_buffer_bound_scale has the value '0', then P-STD_buffer_size_bound measures the buffer size bound in unjts of
128 bytes. If P-STD_buffervbound_scale has the value '1', then P-STD_buffer_size_bound measures the buffer size bpund
in urfits of 1024 bytes_ Thus:

if (P—STD _buffer _bound _scale ==0)
BS, <P —-STD_ buffer _size_bound x128

else:

BS, <P —STD_Dbuftfer_size_bound x 1024

2.5.3.7 Packet layer of program stream

The packet layer of the program stream is defined by the PES packet layer in 2.4.3.6.

254 Program stream map

The Program Stream Map (PSM) provides a description of the elementary streams in the program stream and their
relationship to one another. When carried in a transport stream this structure shall not be modified. The PSM is present
as a PES packet when the stream_id value is OxBC (refer to Table 2-22).

NOTE — This syntax differs from the PES packet syntax described in 2.4.3.6.
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Definition for the descriptor() fields may be found in 2.6.

2.5.4.1 Syntax of program stream map
See Table 2-41.

Table 2-41 — Program stream map

ISO/IEC 13818-1:2023

Syntax No. of bits Mnemonic
program_stream_map() {
packet_start_code_prefix 24 bslbf
map_stream_id 8 uimsbf
program_stream_map_length 16 uimsbf
current_next_indicator 1 bslbf
single_extension_stream_flag 1 bslbf
reserved 1 bslbf
program_stream_map_version 5 uimsbf
reserved 7 bslbf
marker_bit 1 bslbf
program_stream_info_length 16 uimsbf
for (i=0;i<N;i++) {
descriptor()
elementary_stream_map_length 16 uimsbf
for (i=0;i<N1;i++) {
stream_type 8 uimsbf
elementary_stream_id 8 uimsbf
elementary_stream_info_length 16 Uimsbf
if (elementary_stream_id == OXFD &&
single_extension_stream_flag == 0) {
pseudo_descriptor_tag 8 Uimsbf
pseudo_descriptor_length 8 Uimsbf
marker_bit 1 Bslbf
elementary_stream_id_extension 7 Uimshf
for (i=3;i<N2;i++) {
descriptor()
else {
for (i=0;i<N2;i++) {
descriptor()
}
}
CRC_32 32 rpchof
}
2.5.42 Semantic definition of fields in program stream map
pacKet start code_prefix~=-The packet start code prefix is a 24-bit code. Together with the map_stream_id that
follows it constitutes a packet start code that identifies the beginning of a packet. The packet_start_code_prefix is the bit
string ‘0000 0000 00000600 0000 0001' (0x000001 in hexadecimal).
map| stream_id $>This is an 8-bit field whose value shall be 0xBC.
program_strearn_map_length — The program_stream_map_length is a 16-bit field indicating the total number of pytes
in the program_stream_map immediately following this field. The maximum value of this field is 1018 (0x3FA).
single_ extension stream flag — This is a 1-bit field indicating, when set to '1', that the program stream contains at jnost

one elementary stream with stream_id equal to OxFD.

current_next_indicator — This is a 1-bit field, when set to '1' indicates that the program stream map sent is currently
applicable. When the bit is set to '0", it indicates that the program stream map sent is not yet applicable and shall be the

next table to become valid.

program_stream_map_version — This 5-bit field is the version number of the whole program stream map. The version
number shall be incremented by 1 modulo 32 whenever the definition of the program stream map changes. When the
current_next_indicator is set to 'l', then the program_stream_map_version shall be that of the currently applicable
program stream map. When the current_next_indicator is set to '0', then the program_stream_map_version shall be that

of the next applicable program stream map.
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program_stream_info_length — The program_stream_info_length is a 16-bit field indicating the total length of the
descriptors immediately following this field.

marker_bit — A marker_bit is a 1-bit field that has the value '1".

elementary_stream_map_length — This is a 16-bit field specifying the total length, in bytes, of all elementary stream
information in this program stream map. It includes the stream type, elementary stream_id, and
elementary_stream_info_length fields.

stream_type — This 8-bit field specifies the type of the stream according to Table 2-34. The stream_type field shall only
identify elementary streams contained in PES packets. A value of 0x05 is prohibited.

elementary_stream_id — The elementary_stream_id is an 8-bit field indicating the value of the stream_id field in the
PES packet headers of PES packets in which this elementary stream is stored. When elementary stream id is equal to
OxFD, the following applies:

— If single_extension_stream_flag is equal to 1, this indicates that the program stream contains.only one
elementary stream with stream_id equal to OXFD. Note that the type of this elementary stream!is signalled
by the encoded value of the stream_id_extension field in the PES headers of PES packets carrying this
elementary stream.

—  Otherwise (single_extension_stream_flag is equal to 0), the elementary stream.id_extension figld is
present to identify the elementay stream.

elementary_stream_info_length — The elementary_stream_info_length is a 16-bit field indicating the length in byfes of
the |descriptors and, when present, the pseudo_descriptor_tag, the pseudg “descriptor_length, and| the
elementary_stream_id_extension (and associated marker_bit) data immediately following this field.

pseudo_descriptor_tag — This is an 8-bit unsigned integer that shall be coded Aith the value 0x01; note that the uge of
valug 0x01 for descriptor tags is forbidden in Table 2-45.

pseudo_descriptor_length — The pseudo_descriptor_length is an 8-bit unsigned integer that shall be coded with the Yalue
1.

elementary_stream_id_extension — This 7-bit field, when™ present, indicates the encoded value of| the
elementary_stream_id_extension field in the PES packet headers'of PES packets in which this elementary stream is stpred.

CR({_32-—This is a 32-bit field that contains the CRC value:that gives a zero output of the registers in the decoder defined
in Annex A after processing the entire program stream tnap.

2.5.5 Program stream directory

The directory for an entire stream is made~up-of all the directory data carried by program stream directory pagkets
identified with the directory_stream_id. The-syntax for program_stream_directory packets is defined in Table 2-42.

NOTE 1 — This syntax differs from the'RES packet syntax described in 2.4.3.6.

Diregtory entries may be~required to reference I-pictures in a video stream as defined in
Rec.|[ITU-T H.262 | ISO/IEC 43818-2 and ISO/IEC 11172-2. If an I-picture that is referenced in a directory enfry is
precgded by a sequence headerWwith no intervening picture headers, the directory entry shall reference the first byte gf the
sequence header. If an |<picture that is referenced in a directory entry is preceded by a group of pictures header with no
interyening picture headers and no immediately preceding sequence header, the directory entry shall reference the first
byte |of the group_of/piCtures header. Any other picture that a directory entry references shall be referenced by the first
byte [of the picturecheader.

NOTE 2 <Jtis’recommended that I-pictures immediately following a sequence header should be referenced in directory strugtures
s that the-directory contains an entry at every point where the decoder may be reset completely.

For |AYC video streams conforming to one or more profiles defined in Annex A of Rec. ITU-T HP64 |
ISO/IEC 14496-10, directory entries may be required to reference IDR picture or pictures associated with a recovery point
SEI message in an AVC video stream. Each such directory entry shall refer to the first byte of an AVC access unit.

For video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex G of
Rec. ITU-T H.264 | ISO/IEC 14496-10, directory entries may be required to reference IDR picture or pictures to be
re-assembled from video sub-bitstreams and associated with a recovery point SEI message present in a video
sub-bitstream. Each such directory entry shall refer to the first byte of an SVC dependency representation.

For MVC video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex H of
Rec. ITU-T H.264 | ISO/IEC 14496-10, directory entries may be required to reference IDR picture or pictures to be
re-assembled from MVC video sub-bitstreams and associated with a recovery point SEI message present in an MVC
video sub-bitstream. Each such directory entry shall refer to the first byte of an MV C view-component subset.
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Directory references to audio streams as defined in ISO/IEC 13818-3 and ISO/IEC 11172-3 shall be the syncword of the
audio frame.

NOTE 3 — It is recommended that the distance between referenced access units not exceed half a second.

Access units shall be referenced in a program_stream_directory packet in the same order that they appear in the bitstream.

2551

Syntax of program stream directory packet

See Table 2-42.

Table 2-42 — Program stream directory packet

Syntax No. of bits Mnemonj
directory_PES_packet(){
packet_start_code_prefix 24 bslbf
directory_stream_id 8 aimsbf
PES_packet_length 16 uimsbf
number_of_access_units 15 uimsbf
marker_bit 1 bslbf
prev_directory_offset[44..30] 15 uimsbf
marker_bit 1 bslbf
prev_directory_offset[29..15] 15 uimsbf
marker_bit 1 bslbf
prev_directory_offset[14..0] 15 uimsbf
marker_bit 1 bslbf
next_directory_offset[44..30] 15 uimsbf
marker_bit 1 bslbf
next_directory_offset[29..15] 15 uimsbf
marker_bit 1 bsibf
next_directory_offset[14..0] 15 uimsbf
marker_bit 1 bsibf
for (i =0; i < number_of access_units; i++) {
packet_stream_id 8 uimsbf
PES_header_position_offset_sign 1 tcimsbf
PES_header_position_offset[43..30] 14 uimsbf
marker_bit 1 bsibf
PES_header_position_offset[29..15] 15 uimsbf
marker_bit 1 bslbf
PES_header_position_offset[14..0] 15 uimsbf
marker_bit 1 bslbf
reference_offset 16 uimsbf
marker_bit 1 bslbf
if (packet_stream_id == OxRD){
packet stream_id_extension_msbs 3 uimsbf
else {
reserved 3 bslbf
}
PTS[32..30] 3 uimsbf
marker_bit 1 bslbf
PTS[29..45] 15 uimsbf
markef bit 1 bsIbf
PTS[14.0] 15 uimsbf
marker_bit 1 bslbf
bytes_to_read[22..8] 15 uimsbf
marker_bit 1 bslbf
bytes to_read[7..0] 8 uimsbf
marker_bit 1 bslbf
intra_coded _indicator 1 bslbf
coding_parameters_indicator 2 bslbf
if (packet_stream_id == OxFD) {
packet_stream_id_extension_lIshs 4 uimsbf
else {
reserved 4 bsIbf
}
}
}
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2.5.5.2 Semantic definition of fields in program stream directory

packet_start_code_prefix — The packet_start_code_prefix is a 24-bit code. Together with the stream_id that follows, it
constitutes a packet start code that identifies the beginning of a packet. The packet_start_code_prefix is the bit string
‘0000 0000 0000 0000 0000 0001' (0x000001 in hexadecimal).

directory_stream_id — This 8-bit field shall have a value '1111 1111' (OxFF).

PES packet_length — The PES packet length is a 16-bit field indicating the total number of bytes in the
program_stream_directory immediately following this field (refer to Table 2-21).

number_of _access_units — This 15-bit field is the number of access_units that are referenced in this Directory PES

pack
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imm
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cont
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unit,
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coding of the PTS field are as described in 2.4.3.6:
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det_stream_id — This 8-bit field is the stream_id of the elementary stream that containsthe access unit referenc

et.

lirectory entry.

| header_position_offset_sign — This 1-bit field is the arithmetic sign for the PES_header_position_offset desc
bdiately following. A value of '0' indicates that the PES_header_position(offset is a positive offset. A value
ates that the PES_header_position_offset is a negative offset.

| header_position_offset — This 44-bit unsigned integer gives the<byte offset address of the first byte of the

ining this PES_header_position_offset field. The value '0" indicates that no access unit is referenced.

ence_offset — This 16-bit field is an unsigned integer indicating the position of the first byte of the referenced a
measured in bytes relative to the first byte of the PESpacket containing the first byte of the referenced access

(presentation_time_stamp) — This 33-bit field is-the PTS of the access unit that is referenced. The semantics ¢

5_to_read — This 23-bit unsigned integeris the number of bytes in the program stream after the byte indicate
bnce_offset that are needed to decode the access unit completely. This value includes any bytes multiplexed §
ms layer including those containing ‘information from other streams.

_coded_indicator — This is a(1-bit flag. When set to 1" it indicates that the referenced access unit is not predict]
. This is independent of other coding parameters that might be needed to decode the access unit. For example]
shall be coded as '1' for(video Intra frames, whereas for 'P' and 'B' frames this bit shall be coded as '0". For all
bts containing data whiCh is not from a Rec. ITU-T H.262 | ISO/IEC 13818-2 video stream, this field is unde
Table 2-43).

Table 2-43 — Intra_coded indicator
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Value Meaning
‘0’ Not Intra
"1 Intra

coding_parameters_indicator — This 2-bit field is used to indicate the location of coding parameters that are needed to
decode the access units referenced (see Table 2-44). For example, this field can be used to determine the location of

guan
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tization matrices for video frames.
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Table 2-44 — Coding_parameters indicator

Value Meaning
‘00! All coding parameters are set to their default values
‘01 All coding parameters are set in this access unit, at least one of them
is not set to a default
'10' Some coding parameters are set in this access unit
"1 No coding parameters are coded in this access unit

2023

packet_stream_id_extension_msbs — This 3-bit field is present if packet_stream_id equals OxFD; its coding is specified
below.

pacKet stream_id_extension_Isbs — This 4-bit Tield is present it packet_stream_id equals OXFD; its coding IS Speq
beloyv.

If ppcket stream_id is equal to OxFD, the packet stream_id_extension indicates the encoded value of
stream_id_extension in the PES header of the PES packet(s) containing the access unit referenced by this directory ¢
The yalue of the packet_stream_id_extension is specified by:

2.6

Program and program element descriptors are structures which may be used to extend'the definitions of program
fam elements. All descriptors have a format which begins with an 8-bit tag, valGe. The tag value is followed Ry an
8-bit|descriptor length and data fields.

prog

2.6.
The following semantics apply to the descriptors defined in 2.6.2 through the end of 2.6.
descriptor_tag — The descriptor_tag is an 8-bit field which identifies each descriptor.

Tablp 2-45 provides the Rec. ITU-T H.222.0 | ISO/IEC 13818-1-defined, Rec. ITU-T H.222.0 | ISO/IEC 13818-1 rese
and yiser available descriptor tag values. An 'X' in the TS or PS columns indicates the applicability of the descript
I the transport stream or program stream respectivély. Note that the meaning of fields in a descriptor may deperd on
which stream it is used in. Each case is specified in the descriptor semantics below.

eithe

descriptor_length — The descriptor_length is an,8-bit field specifying the number of bytes of the descriptor immedi
following descriptor_length field.

packet_stream_id_extension = packet stream_id_extension_msbhs * 16 + packet_stream) id_extension_Is

Program and program element descriptors

1 Semantic definition of fields in program and program elemént descriptors

Table2-45 — Program and program element descriptors

ified

the
ntry.

and

rved,
or to

ately

descriptor_tag TS PS Identification
0 n/a n/a | Reserved
1 n/a X | Forbidden
2 X X video_stream_descriptor
3 X X audio_stream_descriptor
4 X X | hierarchy_descriptor
5 X X registration_descriptor
6 X X data stream alignment descriptor
7 X X | target_background_grid_descriptor
8 X X video_window_descriptor
9 X X | CA_descriptor
10 X X | 1SO_639 _language_descriptor
11 X X | system_clock_descriptor
12 X X | multiplex_buffer_utilization_descriptor
13 X X | copyright_descriptor
14 X maximum_bitrate_descriptor
15 X X private_data_indicator_descriptor
16 X X smoothing_buffer_descriptor
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Table 2-45 — Program and program element descriptors

descriptor_tag TS PS Identification

17 X STD_descriptor
18 X X | IBP_descriptor

19..26 X Defined in ISO/IEC 13818-6
27 X X MPEG-4_video_descriptor
28 X X | MPEG-4_audio_descriptor
29 X X | 10D_descriptor
30 X ST_descriptor
31 X X | FMC_descriptor
32 X X | external_ES_ID_descriptor
33 X X | MuxCode_descriptor
34 X X | M4MuxBufferSize_descriptor
35 X multiplexBuffer_descriptor
36 X X | content_labeling_descriptor
37 X X | metadata_pointer_descriptor
38 X X | metadata_descriptor
39 X X | metadata_STD_descriptor
40 X X | AVC video descriptor
41 X X IPMP_descriptor (defined indSO/IEC 13818-11, MPEG-2

IPMP)

42 X X | AVC timing and HRD descriptor
43 X X MPEG-2_AAC_audio_descriptor
44 X X | M4MuxTiming_descriptor
45 X X MPEG-4 .text_descriptor
46 X X MPEG~4"audio_extension_descriptor
47 X X | Auxiliary_video_stream_descriptor
48 X X SVC extension descriptor
49 X X1 MVC extension descriptor
50 X nla | J2K video descriptor
51 X X MV C operation point descriptor
52 X X MPEG?2_stereoscopic_video_format_descriptor
53 X X | Stereoscopic_program_info_descriptor
54 X X | Stereoscopic_video_info_descriptor
55 X nfa | Transport_profile_descriptor
56 X n/a | HEVC video descriptor
57 X n/a | VVC video descriptor
58 X n/a | EVC video descriptor

59 ..62 n/a n/a | Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Reserved
63 X X | Extension_descriptor

64 .. 255 nfa nfa_| User Private

2.6.2 Video stream descriptor

The video stream descriptor provides basic information which identifies the coding parameters of a video elementary
stream as described in Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 (see Table 2-46).
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Table 2-46 — Video stream descriptor

Syntax No. of bits | Mnemonic
video_stream_descriptor(){
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
multiple_frame_rate_flag 1 bslbf
frame_rate_code 4 uimsbf
MPEG_1_only_flag 1 bslbf
constrained_parameter_flag 1 bslbf
still picture flag 1 bslbf
if (MPEG_1_only_flag = ="0){
profile_and_level_indication 8 uimsbf
chroma_format 2 uimsbf
frame_rate_extension_flag 1 bslbf
reserved 5 bslbf
}
}

2.6.3 Semantic definitions of fields in video stream descriptor

multiple_frame_rate_flag — This 1-bit field when set to '1" indicates that multiple frame rates may be present in the yideo
strean. When set to a value of '0' only a single frame rate is present.

frame_rate_code — This is a 4-bit field as defined in 6.3.3 of Rec. ITU-T H.262 | ISO/IEC 13818-2, except that when the
multjple_frame_rate_flag is set to a value of '1' the indication of a partiCular frame rate also permits certain other ffame
rates|to be present in the video stream, as specified in Table 2-47:

Table 2-47 — Frame rate code

Coded as Also includes
23.976
24.0 23.976
25.0
29.97 23.976
30.0 23,976 24.0 29.97
50.0 25.0
59.94 23.976 29.97
60.0 23.976 24.0 29.97 30.0 59.94

MPHEG_1 only flag — This,iS a 1-bit field which when set to '1' indicates that the video stream contains |only
ISONEC 11172-2 data. df-set to '0' the video stream may contain both Rec. ITU-T H.262 | ISO/IEC 13818-2 video| data
and ¢onstrained parameter ISO/IEC 11172-2 video data.

consfrained_parameter_flag — This is a 1-bit field which when set to '1" indicates that the video stream shall not coptain
unconstrained }ISO/IEC 11172-2 video data. If this field is set to '0' the video stream may contain both constrained
parametersand unconstrained ISO/IEC 11172-2 video streams. If the MPEG_1_only flag is set to 'O the
consfrained’ parameter_flag shall be set to '1".

still ‘pictore_ftag—=Tis 15 a t=hitfietd; whithwhermset to—t mdicates that the video strearmrcomtaims oy stittpictures.
If the bit is set to ‘0" then the video stream may contain either moving or still picture data.

profile_and_level_indication — This 8-bit field is coded in the same manner as the profile_and_level_indication fields
in the Rec. ITU-T H.262 | ISO/IEC 13818-2 video stream. The value of this field indicates a profile and level that is equal
to or higher than any profile and level in any sequence in the associated video stream. For the purposes of this subclause,
an ISO/IEC 11172-2 constrained parameter stream is considered to be a Main Profile at Low Level stream (MP @ LL).

chroma_format — This 2-bit field is coded in the same manner as the chroma_format fields in the Rec. ITU-T H.262 |
ISO/IEC 13818-2 video stream. The value of this field shall be at least equal to or higher than the value of the
chroma_format field in any video sequence of the associated video stream. For the purposes of this subclause, an
ISO/IEC 11172-2 video stream is considered to have chroma_format field with the value '01', indicating 4:2:0.
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frame_rate_extension_flag — This is a 1-bit flag which when set to 'l' indicates that either or both the
frame_rate_extension_n and the frame_rate_extension_d fields are non-zero in any video sequences of the
Rec. ITU-T H.262 | ISO/IEC 13818-2 video stream. For the purposes of this subclause, an ISO/IEC 11172-2 video stream

is co

nstrained to have both fields set to zero.

2.6.4 Audio stream descriptor

The audio stream descriptor provides basic information which identifies the coding version of an audio elementary stream
as described in ISO/IEC 13818-3 or ISO/IEC 11172-3 (see Table 2-48).
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Table 2-48 — Audio stream descriptor

Sytax Ne—of-bits Mnremonric
audio_stream_descriptor(){
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
free_format_flag 1 bslbf
ID 1 bslbf
layer 2 bstbf
variable_rate_audio_indicator 1 bslbf
reserved 3 bslbf
}

Semantic definition of fields in audio stream descriptor

[ format_flag — This 1-bit field when set to '1" indicates that the audia stream may contain one or more audio fr
the bitrate_index set to '0000'". If set to '0', then the bitrate_index iSnot '0000' (refer to 2.4.2.3 of ISO/IEC 138
y audio frame of the audio stream.

This 1-bit field when set to '1' indicates that the ID field is-set to '1' in each audio frame in the audio stream
1.2.3 of ISO/IEC 13818-3).

" — This 2-bit field is coded in the same manner as the layer field in the ISO/IEC 13818-3 or ISO/IEC 11172-3 §
ms (refer to 2.4.2.3 of ISO/IEC 13818-3). The layer indicated in this field shall be equal to or higher than the hi
specified in any audio frame of the audio stream.

hble_rate_audio_indicator — This 1-bit flag; when set to ‘0" indicates that the encoded value of the bit rate field
hange in consecutive audio frames whickhrare intended to be presented without discontinuity.

Hierarchy descriptor

hierarchy descriptor provides information to identify the program elements containing components of hierarchig
H video, audio, and private.streams. (See Table 2-49.)

Table 2-49 — Hierarchy descriptor

HIMmes
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Syntax No. of bits | Mnemonic
hierarchy_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
T0_View_scatabitity ftag T bstof
no_temporal_scalability_flag 1 bsibf
no_spatial_scalability_flag 1 bsibf
no_quality_scalability_flag 1 bslbf
hierarchy_type 4 uimsbf
reserved 2 bsibf
hierarchy_layer_index 6 uimsbf
tref_present_flag 1 bslbf
reserved 1 bslbf
hierarchy_embedded_layer_index 6 uimsbf
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Table 2-49 — Hierarchy descriptor

Syntax No. of bits | Mnemonic
reserved 2 bslbf
hierarchy_channel 6 uimsbf

}

2.6.7 Semantic definition of fields in hierarchy descriptor

no_view scalablllty flag A 1-bit flag which when set to '0" indicates that the associated program element enhances

the ny
hiergrchy_ embedded Iayer mdex The value of 'l forthls flag is reserved

no_temporal_scalability flag — A 1-bit flag, which when set to '0" indicates that the associated program ele
enhahces the frame rate of the bit-stream resulting from the program element referenced by
hiergrchy_embedded_layer_index. The value of '1' for this flag is reserved.

no_gpatial_scalability_flag — A 1-bit flag, which when set to '0" indicates that the associated program element enhz
the |spatial resolution of the bit-stream resulting from the program element, ~teferenced by
hiergrchy_embedded_layer_index. The value of '1' for this flag is reserved.

no_quality_scalability_flag — A 1-bit flag, which when set to ‘0" indicates that the associatéd program element enhs
the |SNR quality or fidelity of the bit-stream resulting from the program’ element referenced by
hiergrchy_embedded_layer_index. The value of '1' for this flag is reserved.

hierarchy_type — The hierarchical relation between the associated hierarchy layer and its hierarchy embedded lay
defirfed in Table 2-50. If scalability applies in more than one dimension, this field shall be set to the value
("Combined  Scalability"), and  the  flags  no_view s€alability flag,  no_temporal_scalability |

no_spatial_scalability flag and no_quality_scalability_flag shall be set\accordingly. For MV C video sub-bitstreams,

field| shall be set to the value of '9' ("MVC video sub-bitstream™) and the flags no_view_scalability |
no_temporal_scalability flag, no_spatial_scalability _flag and o’ quality scalability flag shall be set to '1". For |
base| view sub-bitstreams, this field shall be set to the“walue of '15' and the flags no_view_scalability |
no_temporal_scalability_flag, no_spatial_scalability flagsand no_quality_scalability flag shall be set to '1". For M

iew_scalability flag, no_temporal_scalabilitycflag, no_spatial_scalability flag and no_quality scalability

shalll be set to "1'. For MVVCD base view sub:bitstreams, this field shall be set to the value of '15" and the
iew_scalability_flag, no_temporal_scalability_flag, no_spatial_scalability flag and no_quality_scalability

6-10, this is the program element index, which is assigned in a way that the bitstream order will be corré
iated SVC dependency)representations of the video sub-bitstreams of the same access unit are re-assembl

ISOJEC<14496-10, this is the program element index, which is assigned in a way that the bitstream order will be cg

the

ment
the

nces
the

nces
the

er is
pf '8’
flag,
this
flag,
MVvC
flag,
VCD
flags
| flag
flags
| flag

jram
sub-
IEC
ct if
bd in
he or
chis
ideo
ideo

64 |

rrect

if asqoctated MVCD view-component subsets of the MVCD video sub-bitstreams of the same access unit are re-assenjbled

in inCreasing order of hierarchy_layer_index.

tref_present_flag — A 1-bit flag, which when set to '0' indicates that the TREF field may be present in the PES packet

headers in the associated elementary stream. The value of '1' for this flag is reserved.

hierarchy_embedded_layer_index — The hierarchy_embedded_layer_index is a 6-bit field that defines

the

hierarchy _layer_index of the program element that needs to be accessed and be present in decoding order before decoding

of the elementary stream associated with this hierarchy_descriptor. This field is undefined if the hierarchy_type val
15.

hierarchy_channel — The hierarchy_channel is a 6-bit field that indicates the intended channel number for the assoc

ue is

iated

program element in an ordered set of transmission channels. The most robust transmission channel is defined by the

lowest value of this field with respect to the overall transmission hierarchy definition.
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NOTE — A given hierarchy_channel may at the same time be assigned to several program elements.

Table 2-50 — Hierarchy_type field values

Value Description

o

Reserved

Spatial Scalability

SNR Scalability

Temporal Scalability

Data partitioning

Extension-bitstream

Private Stream

Multi-view Profile

Combined Scalability or MV-HEVC sub-partition.

O oo|N o ¢ W[ N

MVC video sub-bitstream or MVCD video sub-bitstream

=
o

Auxiliary picture layer as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2.

=
=

[y
SN

Reserved

= .
ISR

Base layer or MV C base view sub-bitstream or AVC video sub-bitstream of MVC aor HEVC temporal video
sub-bitstream or HEVC base sub-partition or Base layer of MVVCD base view sub-bitstream or AVC video
sub-bitstream of MVVCD or VVC temporal video sub-bitstream or EVC temporakvideo sub-bitstream.

2.6.8

The [registration_descriptor provides a method to uniquely and unamhiguously identify formats of private

Registration descriptor

(see [Table 2-51).

2.6.9

format_identifier — Fhe-format_identifier is a 32-bit value obtained from a Registration Authority as designatg

Table 2-51 — Registration descriptor

}

Syntax No. of bits | Identifier
registration_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
format_identifier 32 uimsbf
for (i=0;i<N;i+t+H){
additional_identification_info 8 bslbf

Semantic definitietrof fields in registration descriptor

ISO/JEC JTC 1/SCe20.

additional_identification_info — The meaning of additional_identification_info bytes, if any, are defined by the ass

of thpt format=identifier, and once defined they shall not change.

2.6.1|O

Data stream alignment descriptor

data

d by

gnee

The data stream alignment descriptor describes which type of alignment is present in the associated elementary stream.
If the data_alignment_indicator in the PES packet header is set to '1' and the descriptor is present, alignment — as specified

in this d

82

escriptor — is required (see Table 2-52).
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Table 2-52 — Data stream alignment descriptor

Syntax No. of bits | Mnemonic
data_stream_alignment_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
alignment_type 8 uimsbf

}

1  Semantics of fields in data stream alignment descriptor
ment type — Table 2-53 describes the alignment type for ISO/IEC 11172-2 video, Rec, ITU-T H

62 |

ISO
has 4
of a
start

N
The

Tabl
data|

In th

EC 13818-2 video, or ISO/IEC 14496-2 visual streams when the data_alignment_indicator in the PES packeth
value of '1'. For these video streams, the first PES_packet_data_byte following the PES header shall be the first
tart code of the type indicated in Table 2-53. At the beginning of a video sequence, the alignment shall\oecur
code of the first sequence header.

OTE - Specifying alignment type '1' from Table 2-53 does not preclude the alignment from beginning at a GOP or SEQ hd

Jefinition of an access unit is given in 2.1.1.

Table 2-53 — Video stream alignment values

Alignment type Description
0 Reserved
1 Slice, or video access unit
2 Video access unit
3 GOP, or SEQ
4 SEQ
5..255 Reserved

p 2-54 describes the alignment type for Reci*1TU-T H.264 | ISO/IEC 14496-10 video when
lalignment_indicator in the PES packet header has\avalue of '1".

S case:

«  For AVC video streams conférming to one or more profiles defined in Annex A of Rec. ITU-T H.
ISO/IEC 14496-10, the first PES_packet _data_byte following the PES header shall be the first byte
AVC access unit or the first byte of an AVC slice, as signalled by the alignment_type value.

»  For video sub-bitstréams of AVC video streams conforming to one or more profiles defined in Ann
of Rec. ITU-T H.264 | ISO/IEC 14496-10, the first PES_packet_data_byte following the PES header
be the first byte of-an SVVC dependency representation or the first byte of an SVC slice, as signalled b
alignment .type value.

«  For MY€video sub-bitstreams of AVC video streams conforming to one or more profiles defined in A
H of Réc. ITU-T H.264 | ISO/IEC 14496-10, the first PES_packet_data_byte following the PES hg
shallbe the first byte of an MV C view-component subset or the first byte of an MV C slice, as signall
the alignment_type value.

*\»~"For MVCD video sub-bitstreams of AVC video streams conforming to one or more profiles defin

Annex | of Rec. ITU-T H.264 | ISO/IEC 14496-10, the first PES packet data_byte following the

ader
byte
t the

ader.

the

D64 |
Df an

ex G
shall
y the

nnex
ader
d by

pd in
PES

haadar chall ha tha fivet bhhnida of an N\/C D) v aovy caomnanant cuihont tho fivet hnitn of a0 NAN\/C clinn o
oo ot tH e Tt Iyt O T v v S oV 1Yy - COT P om e oo st Gt ot oy te— oo v v-o—oTet—C

first byte of MVVCD slice, as signalled by the alignment_type value.

© ISO/IEC 2023 - All rights reserved Rec. ITU-T H.222.0 v9 (08/2023)

r the

83


https://standardsiso.com/api/?name=d976a73236130e03c15e87bc0324abc2

ISO/IEC 13818-1:2023

Table 2-54 — AVC video stream alignment values

Alignment type Description

0 Reserved
1 AVC slice or AVC access unit
2 AVC access unit
3 SVC slice or SVC dependency representation
4 SVC dependency representation
5 MVC slice or MVC view-component subset
6 MVC view-component subset
Z MMVCD clicaor M\/CD \viawL pnmpnnnnf sulbhcat
8 MVCD view-component subset

9..255 Reserved

Tablg 2-55 describes the alignment type for HEVC when the data_alignment_indicator in the PES packet header has a
valug of '1'.

Table 2-55 — HEVC video stream alignment values

Alignment type Description

o

Reserved

HEVC access unit

HEVC slice

HEVC access unit or slice

HEVC tile of slices

HEVC access unit or tile of slices

HEVC slice or tile of slices

HEVC access unit or Slice or tile of slices
HEVC slice segment

HEVC slice segment or access unit

Olo(N OO || W|IN|F

10 HEVC,sliee segment or slice

11 HEV/C slice segment or access unit or slice

12 HEVC slice segment or tile of slices

13 HEVC slice segment or access unit or tile of slices

14 HEVC slice segment or slice or tile of slices

15 HEVC slice segment or access unit or slice or tile of slices
16-. 255 Reserved

Tablg 2-56 describes the-audio alignment type when the data_alignment_indicator in the PES packet header has a yalue
of '1} In this case theifirst PES_packet_data_byte following the PES header is the first byte of an audio sync word.

Table 2-56 — Audio stream alignment values

Alignment type Description
0 Reserved
1 Sync word
2..255 Reserved

Table 2-57 describes the alignment type for VVVC when the data_alignment_indicator in the PES packet header has a
value of '1'.
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Tabl

of '1}

2.6.1

Itis
(e.0.
displ
grid
asso

Alignment type Description
00 Reserved
01 VVC access unit
02 VVC slice
03 VVC access unit or slice
04 VVC tile of slices
05 VVC access unit or tile of slices
06 VVC slice or tile of slices
07 MALC-access-urit-or-shce-ortile-of-slices
08 VVC subpicture
09 VVC access unit or subpicture
10 VVC slice or subpicture
11 VVC subpicture or tile of slices
12 VVC access unit or slice or subpicture
13 VVC access unit or subpicture or tile of slices
14 VVC slice or subpicture or tile of slices
15 VVC access unit or slice or subpicture or tile of'shices
16-255 Reserved

b 2-58 describes the alignment type for EVC when the data_alignment_indicator in the PES packet header has a yalue

Table 2-58 — EVC video stream alignment values

Alignment type Description
00 Reserved
01 EVC access unit
02 EVC slice
03 EVC access unit or slice
04255 Reserved

2  Target background grid descriptor

bossible to have one or more video streams which, when decoded, are not intended to occupy the full display] area
a monitor). The combinatioh of target background_grid_descriptor and video_window_descriptors allow$ the
ay of these video windows' in their desired locations. The target_background_grid_descriptor is used to describe a
of unit pixels projected on to the display area. The video_window_descriptor is then used to describe, fof the
iated stream, the-foeation on the grid at which the top left pixel of the display window or display rectangle df the
vide¢ presentation dnit*should be displayed. This is represented in Figure 2-3.

0.0

Horizontal offset

\krtical offset

N\

Video presented here Size

Horizontal size

\ertical

A 4

Figure 2-3 — Target background grid descriptor display area
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2.6.13  Semantics of fields in target background grid descriptor
horizontal_size — The horizontal size of the target background grid in pixels.
vertical_size — The vertical size of the target background grid in pixels.

aspect_ratio_information — Specifies the sample aspect ratio or display aspect ratio of the target background grid.
Aspect_ratio_information is defined in Rec. ITU-T H.262 | ISO/IEC 13818-2 (see Table 2-59).

Table 2-59 — Target background grid descriptor

Syntax No. of bits | Mnemonic

target _background grid descriptor() £

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
horizontal_size 14 uimsbf
vertical_size 14 uimsbf
aspect_ratio_information 4 uimskf

}

2.6.14  Video window descriptor

The yideo window descriptor (see Table 2-60) is used to describe the window chatagcteristics of the associated Yideo
elementary stream. Its values reference the target background grid descriptor) for the same stream. Alsg see
targgt_background_grid_descriptor in 2.6.12.

Table 2-60 — Video window deScriptor

Syntax No. of bits | Mnemonic

video_window_descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
horizontal_offset 14 uimsbf
vertical_offset 14 uimsbf
window_priority 4 uimsbf

}

2.6.15 Semantic definition of fields in video window descriptor

horizontal_offset — The value indicates the horizontal position of the top left pixel of the current video display wigdow
or diplay rectangle if indicated in the picture display extension on the target background grid for display as defingd in
the thrget_background_gridZdescriptor. The top left pixel of the video window shall be one of the pixels of the target
background grid (refer-to’Figure 2-3).

vertical_offset — The-value indicates the vertical position of the top left pixel of the current video display windgw or
display rectangle\if indicated in the picture display extension on the target background grid for display as defined i the
targgt_background_grid_descriptor. The top left pixel of the video window shall be one of the pixels of the thrget
backgroundigrid (refer to Figure 2-3).

window priority — The value indicates how windows overlap. A value of 0 being lowest priority and a value of 15 |s the
highest priority, i.e., windows with priority 15 are always visible.

2.6.16  Conditional access descriptor

The conditional access descriptor is used to specify both system-wide conditional access management information such
as EMMs and elementary stream-specific information such as ECMs. It may be used in both the
TS_program_map_section (refer to 2.4.4.9) and the program_stream_map (refer to 2.5.3). If any elementary stream is
scrambled, a CA descriptor shall be present for the program containing that elementary stream. If any system-wide
conditional access management information exists within a transport stream, a CA descriptor shall be present in the
conditional access table.

When the CA descriptor is found in the TS_program_map_section (table_id = 0x02), the CA_PID points to packets
containing program related access control information, such as ECMs. Its presence as program information indicates
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applicability to the entire program. In the same case, its presence as extended ES information indicates applicability to
the associated program element. Provision is also made for private data.

When the CA descriptor is found in the CA_section (table_id = 0x01), the CA_PID points to packets containing

syste

m-wide and/or access control management information, such as EMMs.

The contents of the transport stream packets containing conditional access information are privately defined
(see Table 2-61).

Table 2-61 — Conditional access descriptor

2.6.1

CA |
EMN

CA |
EMN
the

TS_program_map_section or the CA table in the transport.stream, or the stream_id field in the program stream.

In tr

components in the transport stream. In program stréams, the presence of stream_ID_extension value 0x00 indicate

IPM
Rec.
well
ISO

2.6.18

The

Syntax No. of bits | Mnemonic
CA_descripor(
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
CA _system_ID 16 uimsbf
reserved 3 bslbf
CA_PID 13 uimsbf
for(i=0;i<N;i++){
private_data_byte 8 uimsbf
}
}

7 Semantic definition of fields in conditional access descriptor

system_ID — This is a 16-bit field indicating the type of CA system applicable for either the associated ECM a
1 streams. The coding of this is privately defined and is not specified by ITU-T | ISO/IEC.

PID — This is a 13-bit field indicating the PID of the transpert_stream packets which shall contain either EC

nd/or

M or

1 information for the CA systems as specified with the associated CA_system_ID. The contents (ECM or EMM) of

packets indicated by the CA_PID is determined from. the context in which the CA _PID is found, i.

nsport streams, the presence of PID 0x03 indicates that there is IPMP as described in ISO/IEC 13818-11 use

., a

d by
that

P as described in ISO/IEC 13818-11 “is- used by components in the program stream. Within a given

ITU-T H.222.0 | ISO/IEC 13818-1 stream;“‘components could use both IPMP as described in ISO/IEC 13818-
as CA as defined in ISO/IEC 13818-1:2006. Compatibility between the two schemes is describe
EC 13818-11.

ISO 639 language deseriptor

anguage descriptor is used)to specify the language of the associated program element (see Table 2-62).

Table 2-62 — I1SO 639 language descriptor

1 as
d in

2.6.19

Syntax No. of bits Mnemonic
1SO_639_language_descriptor() {
descriptor_tag uimsbf
descriptor length uimsbf
for (i=0;i<N;i++) {
1SO_639_language_code 24 bslbf
audio_type 8 bsibf
}
}

Semantic definition of fields in 1SO 639 language descriptor

ISO_639_language _code — ldentifies the language or languages used by the associated program element. The
ISO_639 language_code contains a 3-character code as specified by 1ISO 639, Part 2. Each character is coded into 8 bits

© ISO/IEC 2023 - All rights reserved
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according to 1SO 8859-1 and inserted in order into this 24-bit field. In the case of multilingual audio streams the sequence
of 1ISO_639_language_code fields shall reflect the content of the audio stream.

audio_type — The audio_type is an 8-bit field which specifies the type of stream defined in Table 2-63. This field is used
to address complete main elementary streams. If multiple substreams exists, then audio_type shall define the group of
subcomponents. Any further detail of specific subcomponents is left up to in-stream information.

Multiple 1ISO_639 language_code / audio_type pairs can be described within a single 1SO 639 language descriptor.

NOTE — An example of this would be an english track that is suitable for both Hearing-impaired in English with Visual impaired
commentary in Spanish. i=0{“ENG”/0x02} and i=1{“ESP”/0x03}.

Table 2-63 — Audio type values

Value Description

0x00 Undefined?

0x01 Clean effects®

0x02 Hearing impaired®

0x03 Visual impaired commentary?
0x04 .. OX7F User Private

0x80 Primary®

0x81 Nativef

0x82 Emergency?

0x83 Primary commentary"

0x84 Alternate commentary’
0x85 .. OxFF Reserved

& Undefined: This is a default value which indicateS the purpose of the stream is
unknown. It is different from the languages code.*‘und” which would indicate the
language of the audio is unknown.

b Clean effects: This value indicates that the référenced program element has no
language.

¢ Hearing impaired: This value indicatesithat the referenced program element is
prepared for the hearing impaired.Af alternate label for this is enhanced audio
intelligibility.

4 Visual_impaired_commentary~This value indicates that the referenced program
element is prepared for thewisually impaired viewer. Alternate labels for this are audio
descriptive services (ADS) or descriptive video services (DVS).

¢ Primary: This value indicates the default recommended language of the program. This
is a separate value from the language code itself. If the language code is Welsh with
and Undefined:audio_type, it means “this is Welsh”. When the language code is welsh
with audio (type 0x80, it means “this is Welsh”, and it is the primary language of this
program£’

f Native:\This value indicates the language in which the program was produced. An
absence of this value indicates that it is either undefined or a dubbed language.

9 (Emergency: This value indicates the purpose for the stream is used for emergency
event information.

b Primary commentary: This value indicates the referenced program element is
prepared with narration in addition to the natural sound of the content. For example,
this narration may be an announcer to a sporting event or director’s comments of a
film or program and is the default commentary for the content.

i Alternate commentary: This value indicates the referenced program element is

event or producer’s comments of the film or program.

2.6.20  System clock descriptor
This descriptor conveys information about the system clock that was used to generate the timestamps.

If an external clock reference was used, the external_clock_reference_indicator may be set to '1'. The decoder optionally
may use the same external reference if it is available.

If the system clock is more accurate than the 30-ppm accuracy required, then the accuracy of the clock can be
communicated by encoding it in the clock_accuracy fields. The clock frequency accuracy is:
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clock_accuracy_integer x 10-clock-accuracy_exponent 5y (2-26)

clock accuracy integer is set to 'O, then the system clock accuracy is 30 ppm. When

the

external_clock_reference_indicator is set to 'l', the clock accuracy pertains to the external reference clock

(see

2.6.41 Semantic definition of fields in system clock descriptor

external_clock_reference_indicator — This is a 1-bit indicator. When set to '1', it-indicates that the system cloc
been|derived from an external frequency reference that may be available at the decoder.

clock_accuracy_integer — This is a 6-bit integer. Together with the clocksaccuracy_exponent, it gives the fract

freq

clock_accuracy_exponent — This is a 3-bit integer. Together with:.the clock_accuracy_integer, it gives the fract

freq

2.6.22  Multiplex buffer utilization descriptor

The

information is intended for devices such as remultiplexers, which may use this information to support a de
re-multiplexing strategy (see Table 2-65).

2.6.

Table 2-64).

Table 2-64 — System clock descriptor

Syntax No. of bits | Mnemonic
system_clock_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
external_clock_reference_indicator 1 bslbf
reserved 1 bslbf
clock_accuracy_integer 6 uimsbf
clock_accuracy_exponent 3 uimsbf
reserved 5 bslbf
}

dency accuracy of the system clock in parts per million.

yency accuracy of the system clock in parts per million.

multiplex buffer utilization descriptor provides -bgunds on the occupancy of the STD multiplex buffer.

Table 2-65 > Multiplex buffer utilization descriptor

Syntax No. of bits | Mnemonic
Multiplex_buffer jutilization_descriptor() {
desCriptor_tag 8 uimsbf
deseriptor_length 8 uimsbf
bound_valid_flag 1 bslbf
LTW_offset_lower_bound 15 uimsbf
reserved 1 bslbf
LTW_offset_upper_bound 15 uimsbf

}

has

onal

onal

This
Sired

3 Semantic defimition of fietds i muttiptex buffer utitizationm descriptor

bound_valid_flag — A value of '1" indicates that the LTW_offset_lower_bound and the LTW _offset_upper_bound fields
are valid.

LTW_offset_lower_bound — This 15-bit field is defined only if the bound_valid flag has a value of '1'. When defined,
this field has the units of (27 MHz/300) clock periods, as defined for the LTW_offset (refer to 2.4.3.4). The
LTW_offset_lower_bound represents the lowest value that any LTW_offset field would have, if that field were coded in
every packet of the stream or streams referenced by this descriptor. Actual LTW_offset fields may or may not be coded
in the bitstream when the multiplex buffer utilization descriptor is present. This bound is valid until the next occurrence
of this descriptor.
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LTW_offset_upper_bound — This 15-bit field is defined only if the bound_valid has a value of '1'. When defined, this
field has the units of (27 MHz/300) clock periods, as defined for the LTW_offset (refer to 2.4.3.4). The
LTW_offset_upper_bound represents the largest value that any LTW_offset field would have, if that field were coded in
every packet of the stream or streams referenced by this descriptor. Actual LTW_offset fields may or may not be coded
in the bitstream when the multiplex buffer utilization descriptor is present. This bound is valid until the next occurrence

of this descriptor.

2.6.24

Copyright descriptor

The copyright_descriptor provides a method to enable audiovisual works identification. This copyright_descriptor applies
to programs or program elements within programs (see Table 2-66).

2.6.2

addi
copy

2.6.2

See

2.6.2

max
boun

Table 2-67.

o~ orladal H Y
=Copyrigntaescriptot

Syntax No. of bits | Identifier
copyright_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimslaf
copyright_identifier 32 uimsbf
for(i=0;i<N;i++){
additional_copyright_info 8 bslbf

}

6  Maximum bitrate descriptor

5  Semantic definition of fields in copyright descriptor

Table 2-67= Maximum bitrate descriptor

copvlright_identifier — This field is a 32-bit value obtained from the Régistration Authority.

ional_copyright_info — The meaning of additional_copyright..info bytes, if any, are defined by the assignee o
right_identifier, and once defined, they shall not change.

Syntax No. of bits | Identifier
maximum_bitrate_descriptor() {
descriptor_tag uimsbf
descriptor_length uimsbf
reserved bslbf
maximum_bitrate 22 uimsbf

¥

7 Semantic definition of fields in maximum bitrate descriptor

mum\bitrate — The maximum bitrate is coded as a 22-bit positive integer in this field. The value indicates an U
dcof the bitrate, including transport overhead, that will be encountered in this program element or program. The

[ that

pper
alue

of m&

V|nm ITae) hlh'ah: s avnv‘cu:caH ITal ||n|fc of50 h\]lfoclcnr\nnrl The mnvn‘nl ITaa) hlfrnh: anr\rlnfnr IS |nr~|| |rh:d ITa) fho Pro

gram

Map Table (PMT) Its presence as extended program information indicates appllcablllty to the entire program. Its presence
as ES information indicates applicability to the associated program element.
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2.6.28 Private data indicator descriptor
See Table 2-68.

Table 2-68 — Private data indicator descriptor

Syntax No. of bits | Identifier
private_data_indicator_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
private_data_indicator 32 uimsbf

2.6.2

private data_indicator — The value of the private_data_indicator is private and shall not be defined by ] TU-T | ISO

2.6.3
This
desc

In th
trans

In th
of si

Whe|
SBn

Buff
The

prog
If, in
the H

If, in
the s

All g

At a
desc

}

9  Semantic definition of fields in Private data indicator descriptor

0  Smoothing buffer descriptor

descriptor is optional and conveys information about the size of a smoothing buffer, SB,, associated with
iptor, and the associated leak rate out of that buffer, for the program element(s) that it refers to.

P case of transport streams, bytes of transport stream packets of the associated(program element(s) present i
port stream are input to a buffer SB, of size given by sb_size, at the time defined by equation 2-4.

e case of program streams, bytes of all PES packets of the associated elemientary streams, are input to a buffe
e given by sh_size, at the time defined by equation 2-21.

shall never overflow. During the continuous existence of a pragram, the value of the elements of the Smoo
br descriptor of the different program element(s) in the program; shall not change.

meaning of the smoothing buffer_descriptor (see Table 2:69) is only defined when it is included in the PMT g
fam stream Map.

the case of a transport stream, it is present in the-ES info in the Program Map Table, all transport stream packe
ID of that program element enter the smoothing buffer.

the case of a transport stream, it is present in the program information, the following transport stream packets
Mmoothing buffer:

+ all transport stream packets-of all PIDs listed as elementary_PIDs in the extended program informati
well as;

» all transport stream packets of the PID which is equal to the PMT_PID of this section;
« all transport,stream packets of the PCR_PID of the program.

ytes that enter the associated buffer also exit it.

Ny given time‘there shall be at most one descriptor referring to any individual program element and at mos
iptor refepring to the program in its entirety.

Table 2-69 — Smoothing buffer descriptor

EC.

this
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N there is data present in this buffer, bytes are removed from this baffer at a rate defined by sb_leak_rate. The byiffer,
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enter

DN as
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Syntax No. of bits | Mnemonic
smoothing_buffer_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 2 bslbf
sb_leak_rate 22 uimsbf
reserved 2 bslbf
sb_size 22 uimsbf
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2.6.31  Semantic definition of fields in smoothing buffer descriptor

sb_leak_rate — This 22-bit field is coded as a positive integer. Its contents indicate the value of the leak rate out of the
SBy, buffer for the associated elementary stream or other data in units of 400 bits/s.

sb_size — This 22-bit field is coded as a positive integer. Its contents indicate the value of the size of the multiplexing
buffer smoothing buffer SB,, for the associated elementary stream or other data in units of 1 byte (see Table 2-68).

2.6.32  STD descriptor

This descriptor is optional and applies only to the T-STD model and to Rec. ITU-T H.262 | ISO/IEC 13818-2 video
elementary streams, and is used as specified in 2.4.2. This descriptor does not apply to program streams (see Table 2-70).

Iable Z-/U —STD descriptor

Syntax No. of bits | Mnemonic
STD_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimshf
reserved 7 bslbf
leak_valid_flag 1 bslbf
}

2.6.33  Semantic definition of fields in STD descriptor

leak| valid_flag — The leak_valid_flag is a 1-bit flag. When set to '1', the transfer of data from the buffer MB, tp the
buffer EB, in the T-STD uses the leak method as defined in 2.4.2.4. If thisflag has a value equal to '0', and the vbv_glelay
fields present in the associated video stream do not have the value OXREFF, the transfer of data from the buffer MB, to
the huffer EB, uses the vbv_delay method as defined in 2.4.2.4.

2.6.34 IBP descriptor
This| optional descriptor provides information about some“characteristics of the sequence of frame types ip an
ISO/NEC 11172-2, Rec. ITU-T H.262 | ISO/IEC 13818-2;0r ISO/IEC 14496-2 video stream (see Table 2-71).

Table2-71 — IBP descriptor

Syntax No. of bits | Mnemonic
ibp_descriptor() {
descriptor~tag 8 uimsbf
descrigtor_length 8 uimsbf
closed _gop_flag 1 uimsbf
identical_gop_flag 1 uimsbf
max_gop-length 14 uimsbf
3

2.6.35 Semantic definition of fields in IBP descriptor

closqd_gopt flag — This 1-bit flag when set to '1' indicates that a group of pictures header is encoded before every I-frame
and thatthe closed_gop flag is set to '1" in all group of pictures headers in the video sequence.

identical_gop_flag — This 1-bit flag when set to '1" indicates that the number of P-frames and B-frames between I-frames,
and the picture coding types and sequence of picture types between I-pictures is the same throughout the sequence, except
possibly for the pictures up to the second I-picture.

max_gop_length — This 14-bit unsigned integer indicates the maximum number of the coded pictures between any two
consecutive I-pictures in the sequence. The value of '0" is forbidden.
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6 MPEG-4 video descriptor

For individual ISO/IEC 14496-2 streams directly carried in PES packets, as defined in 2.11.2, the MPEG-4 video
descriptor (see Table 2-72) provides basic information for identifying the coding parameters of such visual elementary
streams. The MPEG-4 video descriptor does not apply to ISO/IEC 14496-2 streams encapsulated in SL-packets and in
M4Mux packets, as defined in 2.11.3.

Table 2-72 — MPEG-4 video descriptor

Syntax No. of bits | Mnemonic
MPEG-4_video_descriptor () {
descriptor tag 8 uimsbf
descriptor_length 8 uimsbf
MPEG-4_visual_profile_and_level 8 uimsbf
}
2.6.37  Semantic definition of fields in MPEG-4 video descriptor
MPHBG-4_video_profile_and_level — This 8-bit field shall identify the profile and level of the ISO/IEC 14496-2 yideo
stream. This field shall be coded with the same value as the profile_and_level_indicationr field in the Visual Opject
Sequence Header in the associated ISO/IEC 14496-2 stream.
2.6.38 MPEG-4 audio descriptor
For |ndividual ISO/IEC 14496-3 streams directly carried in PES packets, as*defined in 2.11.2, the MPEG-4 judio
descfiptor (see Table 2-73) provides basic information for identifying the coding parameters of such audio elemeptary
streans. The MPEG-4 audio descriptor does not apply to ISO/IEC 14496-=3'streams encapsulated in SL-packets apd in

M4N

2.6.3

MPH
COrrg
the &
by t
audi
4 au

d

flux packets, as defined in 2.11.3.

Table 2-73 — MPEG-4 audio descriptor

Table 2-74 — MPEG-4_audio_profile_and_level assignment values

Syntax No. of bits | Mnemonic
MPEG-4_audio_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
MPEG-4_audio_profile_and_level 8 uimsbf
}
9  Semantic definition of fields in MPEG-4 audio descriptor
FG-4_audio_profile_and-level — This 8-bit field identifies the profile and level of the ISO/IEC 14496-3 audio stfeam

sponding to Table 2-74.:¥' encoded with the value 0xOF, then it is signalled that no profile and level is defined for
5sociated MPEG-4audio stream. The encoded value OxFF indicates that the audio profile and level is not speqified
e MPEG-4_audioprofile_and_level field; in that case, in addition to the MPEG-4 audio descriptor, an MPEG-4
extension descriptor shall be associated with the same MPEG-4 audio stream. In all other cases, next to an MPEG-
io descripteryalso an MPEG-4 audio extension descriptor may be associated with the same MPEG-4 audio stream.

© ISO/IEC 2023 - All rights reserved

Value Description
0x00 .. OX0E Reserved

OxOF No audio profile and level defined for the associated MPEG-4 audio stream

0x10 Main profile, level 1

0x11 Main profile, level 2

0x12 Main profile, level 3

0x13 Main profile, level 4
0x14 .. 0x17 Reserved

0x18 Scalable Profile, level 1

0x19 Scalable Profile, level 2

Ox1A Scalable Profile, level 3
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Table 2-74 — MPEG-4_audio_profile_and_level assignment values

Value Description
0x1B Scalable Profile, level 4
0x1C .. Ox1F Reserved
0x20 Speech profile, level 1
0x21 Speech profile, level 2
0x22 .. 0x27 Reserved
0x28 Synthesis profile, level 1
0x29 Synthesis profile, level 2
0x2A Synthesis profile, level 3
0x2B .. 0x2F Reserved
0x30 High quality audio profile, level 1
0x31 High quality audio profile, level 2
0x32 High quality audio profile, level 3
0x33 High quality audio profile, level 4
0x34 High quality audio profile, level 5
0x35 High quality audio profile, level 6
0x36 High quality audio profile, level 7
0x37 High quality audio profile, level 8
0x38 Low delay audio profile, level 1
0x39 Low delay audio profile, level 2
0x3A Low delay audio profile, level 3
0x3B Low delay audio profile, level 4
0x3C Low delay audio profile, level 5
0x3D Low delay audio profile, leveh®
Ox3E Low delay audio profile, levél 7
0x3F Low delay audio profile; level 8
0x40 Natural audio profile, level 1
0x41 Natural audio profile, level 2
0x42 Natural audio profile, level 3
0x43 Natural.audio profile, level 4
0x44 .. 0x47 Réserved
0x48 Mobile audio internetworking profile, level 1
0x49 Mobile audio internetworking profile, level 2
0x4A Mobile audio internetworking profile, level 3
0x4B Mobile audio internetworking profile, level 4
0x4C Mobile audio internetworking profile, level 5
0x4D Mobile audio internetworking profile, level 6
Ox4E .. Ox4F Reserved
0x50 AAC profile, level 1
0x51 AAC profile, level 2
Ox52 AACprefiletevel4
0x53 AAC profile, level 5
0x54 AAC profile, level 6
0x55 AAC profile, level 7
0x56 .. 0x57 Reserved
0x58 High efficiency AAC profile, level 2
0x59 High efficiency AAC profile, level 3
0x5A High efficiency AAC profile, level 4
0x5B High efficiency AAC profile, level 5
0x5C High efficiency AAC profile, level 6
0x5D High efficiency AAC profile, level 7
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Table 2-74 — MPEG-4_audio_profile_and_level assignment values

fong

Value Description
OX5E .. Ox5F Reserved
0x60 High efficiency AAC v2 profile, level 2
0x61 High efficiency AAC v2 profile, level 3
0x62 High efficiency AAC v2 profile, level 4
0x63 High efficiency AAC v2 profile, level 5
0x64 High efficiency AAC v2 profile, level 6
0x65 High efficiency AAC v2 profile, level 7
0x66 .. 0x67 Reserved
0x68 Extended HE AAC Profile, level 1
0x69 Extended HE AAC Profile, level 2
0x6A Extended HE AAC Profile, level 3
0x6B Extended HE AAC Profile, level 4
0x6C Extended HE AAC Profile, level 6
0x6D Extended HE AAC Profile, level 7
OX6E .. Ox6F Reserved
0x70 Baseline USAC Profile, level 1
0x71 Baseline USAC Profile, level 2
0x72 Baseline USAC Profile, level 3
0x73 Baseline USAC Profile, level 4
0x74 .. OX7F Reserved
0x80 Low Delay AAC Profile, level 1
0x81 .. 0x87 Reserved
0x88 Low Delay AAC v2 Profilg,devel 1
0x89 Low Delay AAC v2 Profile, level 2
0x8A Low Delay AAC v2 Profile, level 3
0x8B Low Delay AAC-v2 Profile, level 4
0x8C .. Ox8F Reserved
0x90 High Definition AAC Profile, level 1
0x91 .. 0x97 Reserved
0x98 ALS Simple Profile, level 1
0x99 .. OXFE Reserved
OxFF Audio profile and level not specified by the MPEG-4_audio_profile_and_level
field in this descriptor
2.6.40 10D descriptor
The |OD descriptori(see Table 2-75) encapsulates the InitialObjectDescriptor structure. An initial object descriptor a
access to a set ofISO/IEC 14496 streams by identifying the ES_ID values of the ISO/IEC 14496-1 scene descriptio
obje¢t descripter'streams. Both the scene description stream and the object descriptor stream contain further informgtion
about the ISO/IEC 14496 streams that are part of the scene. See Annex R for a description of the content access proceflure.
The |nitialObjectDescriptor is specified in 7.2.6.4 of ISO/IEC 14496-1.

Within a transport stream, the 10D descriptor shall be conveyed in the descriptor loop immediately following the
program_info_length field in the Program Map Table. If a program stream map is present in a program stream, the 10D
descriptor shall be conveyed in the descriptor loop immediately following the program_stream_info_length field in the
program stream map. More than one 10D descriptor may be associated with a program.

NOTE — This Specification does not specify how the IOD_label may be used by higher level service information to uniquely select

one of the ISO/IEC 14496 presentations identified by multiple 10D descriptors.
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Table 2-75 — 10D descriptor

Syntax No. of bits | Mnemonic
10D_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
Scope_of_10D_label 8 uimsbf
10D _label 8 uimsbf
InitialObjectDescriptor ()
}
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1 Semantic definition of fields in 10D descriptor

descriptor is carried. A value of 0x11 indicates that the 10D _label is unique within the transport stream in whig
descriptor is carried. All other values of the Scope_of 10D _label field are reserved.

| label — This 8-bit field specifies the label of the 10D descriptor.
blObjectDescriptor () — This structure is defined in 7.2.6.4 of ISO/IEC 14496-1.

2  SL descriptor

5L descriptor (see Table 2-76) shall be used when a single ISO/IEC 14496-1\Sk-packetized stream is encapsul
ES packets. The SL descriptor associates the ES_ID of this SL-packetized stream to an elementary PID in casq

e_of 10D _label — This 8-bit field specifies the scope of the IOD_label field. A value of 0x10 indicatesithdt the
 label is unique within the program stream or within the specific program in a transport stream.in whicly the

h the

lated
of a

hfo_length field in the Program Map Table. If a program stream map(is present in a program stream, the SL desc
be conveyed in the descriptor loop immediately following the‘elementary_stream_info_length field withi
Fam Stream Map.

OTE - SL packetized streams may be used in a program strgam. However, only one stream_id exists for ISO/IEC 14
|_-packetized streams. In order to associate multiple such streams within a program stream to an ISO/IEC 14496-1 scene, M
hs to be used and signalled appropriately by an FMC descriptor. This limitation does not exist in a transport stream where t
escriptor provides unambiguous mapping between~an ISO/IEC 14496-1 ES_ID value and a Rec. ITU-T H.22
bO/IEC 13818-1 elementary_PID value.

TFable 2-76 — SL descriptor

Syntax No. of bits | Mnemonic
SL_descriptor ()-§
deseriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
ES_ID 16 uimsbf
)

3 Semantic definition of fields in SL descriptor
D — This'16-bit field shall specify the identifier of an ISO/IEC 14496-1 SL-packetized stream.

2.6.

4~ FMC descriptor

port stream or to an elementary_stream_id in case of a program stream¢{Within a transport stream, the SL descHiptor
be conveyed for the corresponding elementary stream in the\descriptor loop immediately following} the

iptor
N the

196-1
L Mux
e SL
2.0 |

The FMC descriptor (see Table 2-77) indicates that the ISO/IEC 14496-1 M4Mux tool has been used to multiplex
ISO/IEC 14496-1 SL-packetized streams into a M4Mux stream before encapsulation in PES packets or
ISO//IEC14496_sections. The FMC descriptor associates M4Mux channels to the ES_ID values of the SL-packetized

streal

ms in the M4Mux stream.

An FMC descriptor is required for each program element referenced by an elementary_PID value in a transport stream
and for each elementary_stream_id in a program stream that conveys a M4Mux stream. Within a transport stream, the
FMC descriptor shall be conveyed for the corresponding elementary stream in the descriptor loop immediately following
the ES_info_length field in the Program Map Table. If a Program Stream Map is present in a program stream, the FMC
descriptor shall be conveyed in the descriptor loop immediately following the elementary_stream_info_length field in the
program stream Map.
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For each SL_packetized stream in a M4Mux stream, the M4Mux channel shall be identified by a single entry in the FMC

descriptor.
Table 2-77 — FMC descriptor
Syntax No. of bits | Mnemonic
FMC_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
for (i = 0; i < descriptor_length; i + =3) {
ES_ID 16 uimsbf
M4MuxChannel 8 uimsbf
}
}
2.6.45 Semantic definition of fields in FMC descriptor

ES_
M4NuxChannel — This 8-bit field specifies the number of the M4Mux channel used for this SL-packetized stream

2.6

The External_ES_ID descriptor (see Table 2-78) assigns an ES_ID, as defined inSO/IEC 14496-1, to a program ele
to which no ES_ID value has been assigned by other means. This ES_ID alfows reference to a non-ISO/IEC 1]

46  External_ES_ID descriptor

D — This 16-bit field specifies the identifier of an ISO/IEC 14496-1 SL-packetized stream.

ment
496

component in the scene description or, for example, to associate a non-ISOAEC 14496 component with an IPMP stijeam.

Within a transport stream, the assignment of an ES_ID shall be made by.conveying an External_ES_ID descriptor fqr the

corrgsponding elementary stream in the descriptor loop immediately.following the ES_info_length field in the Pro

jram

Map|Table. If a program stream map is present in a program stream, the External_ES_ID descriptor shall be conveygd in

the

descriptor loop immediately following the elementary_stream’ info_length field in the Program Stream Map.

Table 2-78 — External_ES_ID descriptor

Syntax No. of bits | Mnemonic
External_ES_ID_descriptor.().{
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
ExternalES: 1D 16 uimsbf
}
2.6.47  Semantic definition of fields in External_ES_ID descriptor
External_ES_1D — This~16-bit field assigns an ES_ID identifier, as defined in ISO/IEC 14496-1, to a componen{ of a
progfam.
2.6.48 Muxcode descriptor

The | Mukcode descriptor (see Table 2-79) conveys MuxCodeTableEntry structures as defined in 7.4.2.
ISONEEC)14496-1. MuxCodeTableEntries configure the MuxCode mode of M4Mux.

b of

One or more Muxcode descriptors may be associated with each elementary_PID or elementary_stream_id, respectively,
conveying an ISO/IEC 14496-1 M4Mux stream that utilizes the MuxCode mode. Within a transport stream, the Muxcode
descriptor shall be conveyed for the corresponding elementary stream in the descriptor loop immediately following the
ES_info_length field in the Program Map Table. If a Program Stream Map is present in a program stream, the Muxcode
descriptor shall be conveyed in the descriptor loop immediately following the elementary_stream_info_length field in the
Program Stream Map.

MuxCodeTableEntries may be updated with new versions. In case of such updates, the version_number of each Program
Map Table or the program_stream_map_version of each Program Stream Map, respectively, carrying the MuxCode
descriptor in their descriptor loop shall be incremented by 1 modulo 32.
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Table 2-79 — Muxcode descriptor

Syntax No. of bits | Mnemonic
Muxcode_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf

for (i=0;i<N;i++) {
MuxCodeTableEntry ()

}

}
2.6.49  Semantic definition of fields in Muxcode descriptor
MuxCodeTableEntry () — This structure is defined in 7.4.2.5 of ISO/IEC 14496-1.
2.6.90 M4MuxBufferSize descriptor
The M4MuxBufferSize descriptor (see Table 2-80) conveys the size of the M4Mux buffer (FB) foreach SL packetized
streain multiplexed in a M4Mux stream.
One M4MuxBufferSize descriptor shall be associated with each elementary_PID or elementary_stream_id, respectiyvely,
conwveying an ISO/IEC 14496-1 M4Mux stream. Within a transport stream, the M4MuxBufferSize descriptor shgll be
conveyed for the corresponding elementary stream in the descriptor loop immediately /following the ES_info_length|field
in the Program Map Table. If a Program Stream Map is present in a program stream, the M4MuxBufferSize desctiptor
shalll be conveyed in the descriptor loop immediately following the elementary stream_info_length field within the
Progfam Stream Map.

2.6.5

Def3
Itis

M4 N
with

2.6.5
The

Table 2-80 — M4MuxBufferSize descriptor

Syntax No. of bits | Mnemonic
M4MuxBufferSize_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf

DefaultM4MuxBufferDescriptor()
for (i=0; i<descriptor_léngth; i +=4) {
M4MuxBufferDescriptor()

lefined in 7.4.2.8 of 1ISO/IEC 14496-1:2010.

luxBufferDesCriptor() — This descriptor specifies the M4Mux buffer size for one SL-packetized stream c4
n the M4Mux’stream. It is defined in 7.4.2.7 of ISO/IEC 14496-1:2010.

2 MultiplexBuffer descriptor

MultiplexBuffer descriptor (see Table 2-81) conveys the size of the multiplex buffer MB,, as well as the leak

L T 11999 N L I1C

}
}
1 Semantic definition of-fields in M4MuxBufferSize descriptor
ultM4MuxBufferDescriptor() — This descriptor specifies the default M4Mux buffer size for this M4Mux stijeam.

rried
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8-1 program element referenced by an elementary_PID value in the Program Map Table.

o™i II.LLL.U' o

/IEC

One MultiplexBuffer descriptor shall be associated with each elementary PID that contains an ISO/IEC 14496 M4Mux
stream or SL-packetized stream, including those containing ISO_IEC_14496_sections. See 2.11.3.9 for the definition of
buffers and rates in the T-STD model for decoding of ISO/IEC 14496 content.

The MultiplexBuffer descriptor shall be conveyed in the descriptor loop immediately following the ES_info_length field
in the Program Map Table.
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Table 2-81 — MultiplexBuffer descriptor

Syntax No. of bits | Mnemonic

MultiplexBuffer_descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
MB_buffer_size 24 uimsbf
TB_leak rate 24 uimsbf

}

2.6.53  Semantic definition of fields in MultiplexBuffer descriptor

MB,
asso

TB_
trangport buffer TB, to multiplex buffer MB,, for the elementary stream n that is associated with this deseriptor.

2.6.94 M4MuxTiming descriptor

See

2.6.95 Semantic definition of fields in M4MuxTiming descriptor
FCH_ES_ID —is the ES_ID associated with:this'clock reference stream
FCHResolution — is the resolution of the object time base in cycles per second

FCRLength — is the length of the fmixClockReference field in M4Mux packets with index = 238 A length of zero
indidate that no M4Mux packets withindex = 238 are present in this M4Mux stream. FCRIength shall take values bety
zerojand 64.

FmxRateLength — Is the\léngth of the fmxRate field in M4Mux packets with index = 238? FmxRateLength shall
valugs between 1 and,32:

2.6.96 Content.labelling descriptor

The

contgnt. THis label, the content_reference_id_record, is metadata application format specific. The content labe
desc iptoris associated with a content segment For the purpose of this clause a content segment is defined as a po

buffer_size — This 24-bit field shall specify the size in byte of buffer MB, of the elementary stream_nth
iated with this descriptor.

eak_rate — This 24-bit field shall specify in units of 400 bits per second the rate at which data is transferred

Table 2-82.

Table 2-82 — M4MuxTiming descriptor

Syntax No.xof bits [ Mnemonic
M4MuxTiming_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
FCR_ES_ID 16 uimsbf
FCRResolution 32 uimsbf
FCRLength 8 uimsbf
FmxRateLength 8 uimsbf
}

content Jabelling descriptor assigns a label to content; the label can be used by metadata to reference the assoc

at is

from

shall
veen

take

ated

lling
rtion

htary

streams. The descrlptor may be mcluded in the PMT in the descriptor loop for either the program or an elementary stream,
but may also be contained in tables not defined in this Specification, for example tables to describe segments of programs
or elementary streams. The content labelling descriptor also provides information on which content time base is used and
on the offset between the content time base and the metadata time base. When the Normal Play Time (NPT) concept of
DSM-CC, as specified in ISO/IEC 13818-6, is used as the content time base, the ID of the NPT time base is provided.

The

descriptor allows for carriage of private data. See Table 2-83.
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Table 2-83 — Content labelling descriptor

2.6.5

meta
spec
any

signg

Syntax No. of bits Mnemonic
Content_labeling_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
metadata_application_format 16 uimsbf
if (metadata_application_format== OXFFFF){
metadata_application_format_identifier 32 uimsbf
content_reference_id_record_flag 1 bslbf
content_time_base_indicator 4 uimsbf
reserved 3 bslbf
if (content_reference_id_record_flag =="1"){
content_reference_id_record_length 8 uimsbf
for (i=0; i<content_reference_id_record_length;i++){
content_reference_id_byte 8 bslbf
}
if (content_time_base_indicator == 1 || content_time_base_indicator == 2){
reserved 7 bslbf
content_time_base_value 33 uimsbf
reserved 7 bslbf
metadata_time_base_value 33 uimsbf
if (content_time_base_indicator== 2){
reserved 1 bslbf
contentld 7 uimsbf
if (content_time_base_indicator > 3 && content_time_base_indicator < 7)Y
time_base_association_data_length 8 uimsbf
for (i=0; i< time_base_association_data_length;i++){
reserved 8 bslbf
}
oo
for (i=0; i<N;i++){
private_data_byte 8 bslbf
}
7  Semantic definition of fields in content Jabelling descriptor

data_application_format: The metadata_ “dpplication_format is a 16-bit field, coded as defined in Table 2-84
fies the application responsible for defining usage, syntax and semantics of the content_reference_id record al
pther privately defined fields in this ‘descriptor. See also 2.12.1. The value OXFFFF indicates that the format is
lled by the value carried in the metadata_application_format_identifier field.

Table 2-84 — Metadata_application_format

that
hd of

Value Description
0x0000%}."0x000F Reserved
0x0010 ISO 15706-1 (ISAN) encoded in its binary form (see Notes 1 and 3)
0x0011 ISO 15706-2 (V-ISAN) encoded in its binary form (see Notes 2 and 3)
0x0012 .. OXO0FF Reserved
0x0100 .. OXFFFE User defined
OxFFFF Definec-by-the-metadata—apptication—format—identifier-fietd

NOTE 1 - For ISAN, the content_reference_id_byte is set to binary encoding and the content_reference_id_record_length
is set to 0x08.
NOTE 2 — For V-ISAN, the content_reference_id_byte is set to binary encoding and the
content_reference_id_record_length is set to 0x0C.
NOTE 3 — For interoperability amongst metadata applications that use the metadata_application_format values of 0x0010
and 0x0011, it is recommended that the content_reference_id_flag be set to '1' and the content_time_base_indicator be set

to '00'.

metadata_application_format_identifier: The coding of this 32-bit field is fully equivalent to the coding of the
format_identifier field in the registration_descriptor, as defined in 2.6.8.

NOTE - The assigned Registration Authority for the format_identifier field is SMPTE.
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content_reference_id_record_flag: The content_reference_id_record_flag is a 1-bit flag that signals the presence of a
content_reference_id_record in this descriptor.

content_time_base_indicator: The content_time_base_indicator (see Table 2-85) is a 4-bit field which specifies the used
content time base. If the descriptor is associated with a program, then the content time base applies to all streams that are
part of that program. A value of 1 indicates usage of the STC, while a value of 2 indicates usage of NPT, the Normal Play
Time as defined in ISO/IEC 13818-6. The values between 8 and 15 indicate usage of a privately defined content time
base. If coded with a value of 0, no content time base is defined in this descriptor. If no content time base is specified for
a program or stream, then the mapping of time references in the metadata to the content is not defined in this Specification.

Table 2-85 — Content_time_base_indicator values

vatue Description
0 No content time base defined in this descriptor
1 Use of STC
2 Use of NPT

3.7 Reserved

8..15 Use of privately defined content time base

content_reference_id_record_length: The content_reference_id_record_length is an 8-bit field that specifie$ the
number of content_reference_id_bytes immediately following this field. This field shalkndt’be coded with the valug '0'".

content_reference_id_byte: The content_reference_id_byte is part of a string of2ane or more contiguous byteq that
assigns one or more reference identifications (labels) to the content to which this descriptor is associated. The fornfat of
this Iyte string is defined by the body indicated by the coded value in the metadata_application_format field.

contpnt_time_base_value: The content_time_base_value is a 33-bit field.that specifies a value in units of 90 kHz gf the
content time base indicated by the content_time_base_indicator field.

metddata_time_base value: The metadata_time_base value is a*334bit field that is coded in units of 90 kHz. Thelfield
is cqded with the value of the metadata time base at the.instant in time in which the time base indicatefl by
contg¢nt_time_base_indicator reaches the value encoded in the‘content_time_base_value field. Note that the metadataltime
base|may use any time-scale, but that its value is to be coded in units of 90 kHz. For example, if a SMPTE type of|time
codelis used, then the number of hours, minutes, seconds-and frames is expressed in the corresponding number of 90fkHz
unitg.

contentld: The contentld is a 7-bit field that specifies the value of the content_Id field in the NPT Reference Desctjiptor
for the applied NPT time base.

time| base_association_data_length: The time_base _association_data_length is an 8-bit field that specifies the number
of reperved bytes immediately following this field. The reserved bytes can be used to carry time base association data for
time|bases defined in future.

private_data_byte: The private ‘data_byte is an 8-bit field. The private_data_bytes represent data, the format of which
is defined privately. These hytes can be used to provide additional information as deemed appropriate. The use of fhese
bytes is defined by the-mgtadata application format.

2.6.98 Metadata‘pointer descriptor

The metadata‘pointer descriptor (see Table 2-86) points to a single metadata service and associates this metadata sefvice
withjaudiovistial content in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream. The metadata is associated with the coptent
with{n the.context of the descriptor. The context is defined by the location of the descriptor. In a transport streany, the
desctiptar may be located in the PMT in the descriptor loop for either the program or an elementary stream, but may also
be located in tables not defined in this Specification, such as tables describing bouquets of broadcast services. The
metadata may be located ina Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, but the same metadata may also be provided
on alternative locations, such as the Internet.

The descriptor may contain location information of metadata that is not carried in a Rec. ITU-T H.222.0|
ISO/IEC 13818-1 stream; the coding of the location information is metadata application format specific. The descriptor
allows for carriage of private data.

For metadata carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the descriptor specifies the tools used for such
carriage. If the metadata is carried in PES packets, metadata sections, or 1SO/IEC 13818-6 synchronized download
sections, the metadata_service_id field identifies the metadata service in the referenced metadata stream. If an
ISO/IEC 13818-6 carousel is used to carry the metadata, then the private data may provide information to signal the
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metadata service, such as the applied value of the module_id for carriage of the metadata in a data carousel, and the file
name of the metadata when the object carousel is used.

Receivers should be aware that multiple metadata services may be pointed to from the same program or audiovisual
stream (as defined by the context of the descriptor). A unique metadata pointer descriptor shall be used to point to each
metadata service used by the program or audiovisual stream. Similarly, the same metadata service can be pointed to from
several programs or audiovisual streams by using a separate metadata pointer descriptors for each association.

Table 2-86 — Metadata pointer descriptor

Syntax No. of bits | Mnemonic
Metadata_pointer_descriptor () {
GeSCTIptor_tag 3 armsnt
descriptor_length 8 uimsbf
metadata_application_format 16 uimskf
if (metadata_application_format== OXFFFF){
metadata_application_format_identifier 32 uimsbf
metadata_format 8 uimsbf
if (metadata_format== OxFF){
metadata_format_identifier 32 uimsbf
}
metadata_service_id 8 uimsbf
metadata_locator_record_flag 1 bslbf
MPEG_carriage_flags 2 uimsbf
reserved 5 bslbf
if (metadata_locator_record_flag =="1"){
metadata_locator_record_length 8 uimsbf
for (i =0; i< metadata_locator_record_length; i++){
metadata_locator_record_byte 8 bsibf
}
} _
if (MPEG_carriage_flags <2){
program_number 16 uimsbf
if (MPEG_carriage_flags == 1){
transport_stream_location 16 uimsbf
transport_stream_id 16 uimsbf
}
for (i=0; i<N;i++){
private_data_byte 8 bslbf
}
}
2.6.99 Semantic definition of fields\in metadata pointer descriptor
metgdata_application_format:~The metadata application_format is a 16-bit field that specifies the applicption
responsible for defining usage, syntax and semantics of the metadata_locator_record record and any other priviately
defirfed fields in this descriptor? The coding of this field is defined in Table 2-84 in 2.6.57.
metgdata_application.format_identifier: The coding of this field is defined in 2.6.57.
metadata_format:;The metadata_format is an 8-bit field that indicates the format and coding of the metadata. The cqding
of thjs field is specified in Table 2-87.
Table 2-87 — Metadata format values
Value Description
0x00 .. OxOF Reserved
0x10 ISO/IEC 15938-1 TeM
0x11 ISO/IEC 15938-1 BiM
0x12 .. Ox3E Reserved
0x3F Defined by metadata application format
0x40 .. OXFE Private use
OxFF Defined by metadata_format_identifier field
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The values 0x10 and 0x11 identify ISO/IEC 15938-1 defined data. The value 0x3F indicates that the format is defined by
the body indicated by the metadata_application_format field. The values in the inclusive range of 0x40 up to OXFE are
available to signal use of private formats. The value OXFF indicates that the format is signalled by the
metadata_format_identifier field.

metadata_format_identifier: The coding of this 32-bit field is fully equivalent to the coding of the format_identifier
field in the registration_descriptor, as defined in 2.6.8.

NOTE — SMPTE is assigned as Registration Authority for the format_identifier field.

metadata_service_id: This 8-bit field references the metadata service. It is used for retrieving a metadata service from
within a metadata stream.

metadata_locator_record_flag: The metadata locator_record_flag is a 1-bit field which, when set to '1" indicates that
assofiated metadaia 1s available on a location outside of a Rec. ITU-T H.222.0 [ TSO/TEC 13818-1 stream, specifieq in a
metadata_locator_record.

MPHEG_carriage_flags: The MPEG_carriage_flags is a 2-bit field which specifies if the metadata stream coptaining the
asso¢iated metadata service is carried ina Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, and if so, whetherthe assodiated
metadata is carried in a transport stream or program stream. The coding of this field is defined in Table_2-88.

Table 2-88 — MPEG_carriage_flags

Value Description
0 Carriage in the same transport stream where this metadata pointer,deseriptor is carried.
1 Carriage in a different transport stream from where this metadata pointer descriptor is carried.
2 Carriage in a program stream. This may or may not be the/same program stream in which this
metadata pointer descriptor is carried.
3 None of the above.

metadata_locator_record_length: The metadata_locator_recordxlength is an 8-bit field that specifies the numbgr of
metadata_locator_record_bytes immediately following. This fieldsshall not be coded with the value 0.

metgdata_locator_record_byte: The metadata_locator_record_byte is part of a string of one or more contiguous bytes
that form the metadata locator record. This record specifies one or more locations outside of a Rec. ITU-T H.232.0 |
ISONJEC 13818-1 stream. The format of the metadatatocator record is defined by the metadata application signallgd by
the metadata_application_format field. The record-may for example contain Internet URLs that specify wherg the
metgdata can be found, possibly in addition to-their location(s) in the transport stream. If the MPEG_carriage_flggs is
codefd with the value 0, 1 or 2 and the metadata locator record is present, then this signals alternative locations fgr the
samq metadata.

program_number: The program_number is a 16-bit field that identifies the program_number of the MPEG-2 program
in the¢ Rec. ITU-T H.222.0 | ISO/KEE-13818-1 stream in which associated metadata is carried. If the MPEG_carriage_[flags
have]|the value 0, then the trapsport stream is the current one, and if the MPEG_carriage_flags have the value 1, it is the
trangport stream signalled by the field's transport_stream_location and transport_stream_id.

trangport_stream_location: The transport_stream_location is a 16-bit field that is defined privately. For example} this
field|may be used by)applications to signal the original_network_id defined by ETSI.

trangport_streany _id: The transport_stream_id is a 16-bit field that identifies the transport stream in which assocjated
metadata is earried.

private/data_byte: The private_data_byte is an 8-bit field. The private_data_bytes represent data, the format of which
is defined privately. These bytes can be used to provide additional information as deemed appropriate.

2.6.60 Metadata descriptor

The metadata descriptor (see Table 2-89) specifies parameters of a metadata service carried in an MPEG-2 TS or PS. In
an MPEG-2 TS, the descriptor is included in the PMT in the descriptor loop for the elementary stream that carries the
metadata service. The descriptor specifies the format of the associated metadata, and contains the value of the
metadata_service_id to identify the metadata service to which the metadata descriptor applies. As needed, the descriptor
can convey information to identify the metadata service from a collection of metadata transmitted in a DSM-CC carousel.
Optionally metadata application format specific private data can be carried.
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The metadata descriptor also signals whether decoder configuration is required and is able to carry the decoder
configuration bytes, but this is only practical if the number of these bytes is small. If the decoder configuration information
is too large to be carried by the descriptor, it shall be contained in a metadata service. This may be within the metadata
service itself, or in another metadata service within the same program. Identification of the metadata service that contains
the decoder configuration is provided by the metadata descriptor. If a DSM-CC carousel is used to carry the decoder
configuration, then information can be provided how to retrieve the decoder configuration from the carousel.

Table 2-89 — Metadata descriptor

Syntax No. of bits Mnemonic
Metadata_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
metadata_application_format 16 uimsbf
if (metadata_application_format == OxFFFF) {
metadata_application_format_identifier 32 dimsbf
metadata_format 8 uimsbf
if (metadata_format== OxFF){
metadata_format_identifier 32 uimsbf
metadata_service_id 8 uimsbf
decoder_config_flags 3 bslbf
DSM-CC_flag 1 bslbf
reserved 4 bslbf
if (DSM-CC_flag =="1"){
service_identification_length 8 uimsbf
for(i=0; i<service_identification_length; i++) {
service_identification_record_byte 8 bsibf
}
3 _
if (decoder_config_flags =='001") {
decoder_config_length 8 uimsbf
for(i=0; i<decoder_config_length; i++) {
decoder_config_byte 8 bslbf
}
¥ _
if (decoder_config_flags =='011") {
dec_config_identification_record_length 8 uimsbf
for(i=0;i<dec_config_id.record_length;i++) {
dec_config_identification_record_byte 8 bslbf
}
3 _
if (decoder_config_fldgsy=="100") {
decoder_canfig_metadata_service_id 8 uimsbf
}
if (decoder_config’ flags == '101' || decoder_config_flags == '110") {
reserved_data_length 8 uimsbf
far(iz0;i<reserved_data_length;i++) {
reserved 8 bslbf
}
NS
for (i=0; i<N;i++) {
private_data_byte 8 bsibf
}
%

2.6.61 Semantic definition of fields in metadata descriptor

metadata_application_format: The metadata application_format is a 16-bit field that specifies the application
responsible for defining usage, syntax and semantics of the service_identification_record and any privately defined bytes
in this descriptor. The coding of this field is defined in Table 2-84.

metadata_application_format_identifier: The coding of this field is defined in 2.6.57.
metadata_format: The coding of this field is defined in 2.6.59.
metadata_format_identifier: The coding of this field is defined in 2.6.59.

metadata_service_id. This 8-bit field identifies the metadata service to which this metadata descriptor applies.
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decoder_config_flags: The decoder_config_flags is a 3-bit field which indicates whether and how decoder configuration
information is conveyed. See Table 2-90.

Table 2-90 — decoder_config_flags

Value Description
'000 No decoder configuration is needed.
‘001" The decoder configuration is carried in this descriptor in the decoder_config_byte field.
‘010 The decoder configuration is carried in the same metadata service as to which this
metadata descriptor applies.
‘011 The decoder configuration is carried in a DSM-CC carousel. This value shall only be

USed e Tetadata Servite to whith this descriptor apphies 15 using the same type of
DSM-CC carousel.

'100' The decoder configuration is carried in another metadata service within the same
program, as identified by the decoder_config_metadata_service_id field in this
metadata descriptor.

'101'..'110' Reserved.
111 Privately defined.

DSM-CC_flag: This is a one-bit flag that is set to 1" if the stream with which this descriptor’is associated is carried fin an
ISO/JEC 13818-6 data or object carousel.

NOTE 1 — The use of the object or data carousel is indicated by the applied stream-type value for this metadata stream.

service_identification length: This field specifies the number of service_identification_record_bytes immedijtely
following.

service_identification_record_byte: This byte is part of a string of ,gne)or more contiguous bytes that specify the
servilce_identification_record. This record contains data on retrieval of‘the metadata service from a DSM-CC cardusel.
The format of the metadata locator record is defined by the application indicated by the metadata application fofmat.
Wheph a DSM-CC object carousel is used, the record may for example comprise the unique object identifier (the IOP:IDR()
from 11.3.1 and 5.7.2.3 of ISO/IEC 13818-6 DSM-CC) for thesmetadata service. Similarly, in case of a DSM-CC| data
carolisel, the record can for example provide the transactiony id and the module_id of the metadata service.

decoder_config_length: This field specifies the numberof decoder_config_bytes immediately following.

decoder_config_byte: These bytes comprise the decoder configuration information. This sequence of bytes comgrises
the gonfiguration information needed by the receiver to decode this service. It is intended that carriage in the metadata
descfiptor is only used when the configurationrinformation is very small.

onfig_identification_record_length: This field specifies the immediately following number| of
onfig_identification_record_bytes.

dec
dec

onfig_identification_record byte: This byte is part of a string of one or more contiguous bytes that specify the
onfig_identification_record. This record specifies how to retrieve the required decoder configuration from a DSM-
darousel. The format of the metadata locator record is defined by the metadata application format. When a DSM-CC
obje¢t carousel is useds-ttie' record may for example comprise the unique object identifier (the IOP:IOR() from 11.3.1 and
5.7.2.3 of ISO/IEC A3818-6 DSM-CC) for the decoder configuration. Similarly, in case of a DSM-CC data carouse], the
recofd may for example provide the transaction_id and the module_id of the decoder configuration.

dec
dec
CcC

decoder_config”metadata_service_id: This is the value of the metadata_service_id that is assigned to the metadata
service , that contains the decoder configuration. The metadata service indicated by | the
decofer-config_metadata_service_id and the metadata service that uses that decoder configuration shall be in the $ame
progFath- cREEHRHFARSPO caf-the-metadata-deserpto or-beth-these-metadataserreesshal-betrthesame PMT.
The metadata descriptor of the metadata service indicated by the decoder_config_metadata_service_id shall have a
decoder_config_flag field with a value of either '001', '010' or '011".

reserved_data_length: This field specifies the number of reserved bytes immediately following.

private_data_byte: The private_data_byte is an 8-bit field. The private_data_bytes represent data, the format of which
is defined privately. These bytes can be used to provide additional information as deemed appropriate.

2.6.62 Metadata STD descriptor

This descriptor defines parameters of the STD model (defined in 2.12.10) for the processing of the metadata stream to
which this descriptor is associated. See Table 2-91.
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Table 2-91 — Metadata STD descriptor

Syntax No. of bits Mnemonic
Metadata_STD_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 2 bslbf
metadata_input_leak_rate 22 uimsbf
reserved 2 bslbf
metadata_buffer_size 22 uimsbf
reserved 2 bslbf
metadata_output_leak_rate 22 uimsbf
}

2.6.3  Semantic definition of fields in metadata STD descriptor

metgdata_input_leak rate: The metadata_input_leak rate is a 22-bit field that specifies the leak rate for the-assog
metadata stream in the T-STD model out of the buffer TB, into buffer B,. The leak rate is specified in units of 400 b
For ietadata carried in a program stream, the coding of the metadata_input_leak_rate field is not specified, as the
into Bn equals the rate of the program stream.

jated
its/s.
rate

metgdata_buffer_size: The metadata_buffer_size is a 22-bit field that specifies the size of buffer'B, in the STD nodel

for the associated metadata stream. The size of B, is specified in units of 1024 bytes.

metadata_output_leak rate: The metadata_output_leak rate is a 22-bit field that specifies for the associated met@data

service the leak rate in the STD model out of buffer B, to the decoder. The leak rate.is\specified in units of 400 bits/s

. For

metadata streams transported synchronously (stream-type 0x15 or 0x19), the metadata access units are instantanegusly

remgved from B, under the control of PTS timestamps and in that case the codingof the metadata_output_leak rate

VC video streams conforming to one or more profiles defined in Annex G, or Annex H or Annex | of Rec. I
| ISO/IEC 14496 10, there may be one AVC video descriptor associated to each of the video sub-bitstrean
video subsets or MVVCD video subsets identifying coding parameters of the associated re-assembled AVC
S.

VC video descriptor also signals the(presence of AVC still pictures, AVC 24-hour pictures as well as 3D rend

sub-bitstream or an MVCD-video sub-bitstream in a transport stream or in the PSM, if present, for an AVC
stream, a video sub bitstream or anMVC video sub-bitstream in a program stream, then such AVC video stream sha
contgin AVC still pictures; ‘shall not contain AVC 24-hour pictures and may or may not contain frame pad
arrarjgement SEI message or-stereo video information SEI message. (See Table 2-92.)

Table 2-92 — AVC video descriptor

field

f the
or in

U-T
s, or
ideo

Pring
A\VC
\VC
ideo
| not
king

Syntax No. of bits Mnemonic
A\V'C_v idcu_dcau iptm 0 {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
profile_idc 8 uimsbf
constraint_set0_flag 1 bsibf
constraint_setl flag 1 bsibf
constraint_set2_flag 1 bsibf
constraint_set3 flag 1 bslbf
constraint_set4 flag 1 bslbf
constraint_set5_flag 1 bslbf
AVC_compatible_flags 2 bslbf
level_idc 8 uimsbf
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2.6.

proffle_idc, constraint_set0_flag, constraint_setl_flag, constraint_setZ_flag, constraint_set3 |
consfraint_set4 flag, constraint set5 flag and AVC_compatible flags and level idc — These fields, cwith

exc

Rec.|ITU-T H.264 | ISO/IEC 14496-10. The semantics of AVC_compatible_flags are exactly equal to the sémanti

the

as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10. The entire AVC video stream to which the’AVC descript
assogiated shall conform to the profile, level and constraints signalled by these fields.

AV({

Wh

AVQ_24_hour_picture_flag — This 1-bit flag when set to '1"indicates that the associated AVC video stream may co
AV({ 24-hour pictures. For the definition of an AVC 24-hour picture, see 2.1.2. If this flag is set to '0", the assog
AV({ video stream shall not contain any AVC 24-hour picture.

Frame_Packing_SEI_not_present_flag — If this.flag is set to '0', then the AVC video stream shall contain eithg
framp packing arrangement SEI message or stereo.video information SEI message. If the AVC video descriptor is pr

and

2.6.

The JAVC timing and HRD descriptor provides timing and HRD parameters of the associated AVC video stream
AVC video stream and for\each video sub-bitstream or MVC video sub-bitstream or MVCD video sub-bitstream
carripd in a Rec. ITU-T H.222.0 [ ISO/IEC 13818-1 stream, the AVC timing and HRD descriptor shall be included i

each

PM
the

settg 'l"

Absgnce 'of 'the AVC timing and HRD descriptor in the PMT for an AVC video stream or a re-assembled AVC

stre

ISO/IEC 13818-1:

Table 2-92 — AVC video descriptor

Syntax No. of bits Mnemonic
AVC _still_present 1 bslbf
AVC_24 hour_picture_flag 1 bslbf
Frame_Packing_SEI_not_present_flag 1 bsIbf
reserved 5 bsIbf
}

65 Semantic definition of fields in AVC video descriptor

2023

eption of AVC_compatible_flags, shall be coded according to the semantics for these fields~'défine

fleld(s) defined for the 2 bits between the constraint_set5 flag and the level_idc field in the sequence paramete

OTE - In one or more sequences in the AVC video stream the level may be lower than the level signalled in the AVC

descriptor, while also a profile may occur that is a subset of the profile signalled in the AVC video descriptor. However,

eptire AVC video stream, only tools shall be used that are included in the profile signalled in the’AVC video descriptor, if pr
r example, if the main profile is signalled, then the baseline profile may be used in somgé seguences, but only using those
that are in the main profile. If the sequence parameter sets in an AVC video stream signal different profiles, and no addi
cpnstraints are signalled, then the stream may need examination to determine which profile, if any, the entire stream confor
If an AVC video descriptor is to be associated with an AVC video stream that does ot conform to a single profile, then the
vjdeo stream must be partitioned into two or more sub-streams, so that AVC vided descriptors can signal a single profile fo
syich sub-stream.

eh set to '0', then the associated AVC video stream shall not contain AVC still pictures.

this flag is set to '1', then the presence of-either of these SEI messages is unspecified.

g6 AVC timing and HRD descriptor

| or in the PSM, if PSMis present in the program stream, unless the AVC video stream, the video sub-bitstres
MVC video sub-bjtstream or MVCD video sub-bitstream carries VUI parameters with the timing_info_present

»  for\each IDR picture or re-assembled IDR picture; and
 «—for each picture or re-assembled picture that is associated with a recovery point SEI message.
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_still_present — This 1-bit field when set to 1" indicates that theXAVC video stream may include AVC still picfures.
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signals usage of the leak method in the T-STD for the transfer from MB, to EB. as defined:

* in2.14.3.1 for an AVC video stream conforming to one or more profiles defined in Annex A of Rec.
T H.264 | ISO/IEC 14496-10;

ITU-

e in 2.14.3.5 for video sub-bitstreams of an AVC video stream conforming to one or more profiles defined

in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10;

* in 2.14.3.7 for MVC video sub-bitstreams or MVCD video sub-bitstreams of an AVC video st
conforming to one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10.

ream

But such usage can also be signalled by the hrd_management_valid_flag set to ‘0" in the AVC timing and HRD descriptor.
If the transfer rate into buffer EB, can be determined from HRD parameters contained in an AVC video stream or an
AVC video stream re-assembled from video sub-bitstreams or MVC video sub-bitstreams or MVCD video sub-
bitstreams, and if this transfer rate is used in the T-STD for the transfer between MB,, to EB,, then the AVC timing and
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HRD descriptor with the hrd_management_valid_flag set to '1' shall be included in the PMT for that AVC video stream
or for the re-assembled AVC video stream. (See Table 2-93.)

2.6.6
hrd |
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carri
Perig
prese
shall
hrd_|
to t
initia
hrd_

Table 2-93 — AVC timing and HRD descriptor

Syntax No. of bits Mnemonic
AVC_timing_and_HRD_descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
hrd_management_valid_flag 1 bslbf
reserved 6 bslbf
picture_and_timing_info_present 1 bslbf
if (picture_and_timing_info_present) {

90kHz_flag 1 bslbf

reserved 7 bsibf

if (90kHz_flag =="0") {

N 32 uimgsbf
K 32 uimsbf

}

num_units_in_tick 32 uimsbf
}
fixed_frame_rate_flag t bslbf
temporal_poc_flag 1 bsibf
picture_to_display_conversion_flag 1 bslbf
reserved 5 bslbf

}

7 Semantic definition of fields in AVC timing and HRD descriptor

management_valid_flag — This 1-bit field is only-@efined for use in transport streams.

h the AVC timing and HRD descriptor is associated with an AVC video stream or a re-assembled AVC video stfeam
bd in a transport stream, then the followinglapplies. If the hrd_management_valid_flag is set to '1', then Buffgring
d SEI and Picture Timing SEI messages, as defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, sh3ll be
nt in the associated AVC video stream_or re-assembled AVC video stream. These Buffering Period SEI mes
carry coded initial_cpb_removal.delay and initial_cpb_removal_delay offset values for the NAL HRD. If the
management valid_flag is set t0."1", then the transfer of each byte from MB, to EB, in the T-STD shall be acco
e delivery schedule forcthat byte into the CPB in the NAL HRD, as determined from the doded
|_cpb_removal_delay andhinitial_cpb_removal_delay offset values for SchedSelldx = cpb_cnt_minusl. Whep the
management_valid_flag-is‘set to '0', the leak method for the transfer from MB, to EB, in the T-STD shall be uged:

as definedin 2.14.3.1 for AVC video streams conforming to one or more profiles defined in Annex
Rec HKFU-T H.264 | ISO/IEC 14496-10;

as defined in 2.14.3.5 for video sub-bitstreams of AVC video streams conforming to one or more profiles
defined in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10.

as defined in 2.14.3.7 for MVC video sub-bitstreams or MVVCD video sub-bitstreams of AVC
streams conforming to one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 1449

ages

ding

A of

ideo
5-10.

When the AVC timing and HRD descriptor is associated with an AVC video stream or a re-assembled AVC video stream
carried in a program stream, then the meaning of the hrd_management_valid flag is not defined.

picture_and_timing_info_present — This 1-bit field when set to '1' indicates that the 90kHz_flag and parameters for

accurate mapping to 90-kHz system clock are included in this descriptor.

90kHz_flag, N, K — The 90kHz_flag when set to '1' indicates that the frequency of the AVC time base is 90 kHz. For an
AVC video stream the frequency of the AVC time base is defined by the AVC parameter time_scale in VUI parameters,
as defined in Annex E of Rec. ITU-T H.264 | ISO/IEC 14496-10. The relationship between the AVC time_scale and the
STC shall be defined by the parameters N and K in this descriptor as follows.
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where time_scale denotes the exact frequency of the AVC time base, with K larger than or equal to N.

If the 90kHz_flag is set to '1', then N equals 1 and K equals 300. If the 90kHz_flag is set to ‘0", then the values of N and
K are provided by the coded values of the N and K fields.

NOTE 1 — This allows mapping of time expressed in units of time_scale to 90-kHz units, as needed for the calculation of PTS and
DTS timestamps, for example in decoders for AVC access units for which no PTS or DTS is encoded in the PES header.

num_units_in_tick — Coded exactly in the same way as the num_units_in_tick field in VUI parameters in Annex E of
Rec. ITU-T H.264 | ISO/IEC 14496-10. The information provided by this field shall apply to the entire AVC video stream
to which the AVC timing and HRD descriptor is associated.

fixed_frame_rate_flag — Coded exactly in the same way as the fixed_frame_rate_flag in VUI parameters in Annex E of
Rec. ITU-T H.264 | ISO/IEC 14496-10. When this flag is set to '1', it indicates that the coded frame rate is constant within
the 6 . ee—A :‘: eat Mhen-thi .: ett6 } “.“. 2\v aft-a siome -

videg stream is provided in this descriptor.

temporal_poc_flag — When the temporal_poc_flag is set to '1' and the fixed_frame_rate_flag is set to|1% then the
asso¢iated AVC video stream shall carry Picture Order Count (POC) information (PicOrderCnt) wherehy-pictures are
counted in units of Atsigpe( N '), Where Atsigpe( ') is specified in equation E-10 of Rec. ITU-T H.264 | ISO/IEC 1449p-10.
Wheh the temporal_poc_flag is set to '0’, no information is conveyed regarding any potential relationship betweep the
POC information in the AVC video stream and time.
NOTE 2 — This reduces the overhead necessary to signal timing for each access unit. An effective/PTS and DTS can be calcylated
for access units for which no explicit PTS/DTS is carried. Repetition of most recently presented field of the appropriate parity (or
ame) is implied when the difference between the PTSs of the current and the next picture.is'gfeater than 2 x Atsidpn (Or gfeater
than Atsigps When frame_mbs_only_flag is equal to 1).

—h

pictdre_to_display_conversion_flag — This 1-bit field when set to '1' indicates. that the associated AVC video stfeam
may |carry display information on coded pictures by providing the pic_struct’ field in picture_timing SEI mesgages
(see Annex D of Rec. ITU-T H.264 | ISO/IEC 14496-10) and/or by providingthe Picture Order Count (POC) informption
(PicQrderCnt), whereby pictures are counted in units of Atz gpn( n) (See‘also the semantics of temporal_poc_flag), s¢ that
timinyg information for a successive AVC access unit can be derived from the previous picture in decoding or presentation
ordef.

Wheh the picture_to_display_conversion_mode_flag is set to\0', then picture timing SEI messages in the AVC Yideo
stream, if present, shall not contain the pic_struct field, andshence the pic_struct_present_flag shall be set to ‘0" in the] VUI
parameters in the AVC video stream.

2.6.8 MPEG-2 AAC audio descriptor

For individual 1SO/IEC 13818-7 streams directly carried in PES packets, the MPEG-2 AAC audio descriptor defingd in
Tablg 2-94 provides basic information for identifying the coding parameters of such audio elementary streams.

Table 2-94 - MPEG-2 AAC_audio_descriptor

Syntax No. of bits [ Mnemonic
MPEG-2 -AAC_audio_descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
MPEG-2_AAC_profile 8 uimsbf
MPEG-2_AAC_channel_configuration 8 uimsbf
MPEG-2_AAC_additional_information 8 uimsbf

1

2.6.69 Semantic definition of fields in MPEG-2 AAC audio descriptor

MPEG-2_AAC_profile — This 8-bit field indicates the AAC profile according to the index in Table 31 of
ISO/IEC 13818-7:2006.

MPEG-2_AAC_channel_configuration — This 8-bit field indicates the number and configuration of audio channels
presented to the listener by the AAC decoder for the specified program. Values in the range from 1 to 6 indicate number
and configuration of audio channels as given for "Default bitstream index number" in Table 42 of ISO/IEC 13818-7:2006.
All other values indicate that the number and configuration of audio channels is undefined.

MPEG-2_AAC_additional_information — This 8-bit field indicates whether or not bandwidth extension data as defined
in ISO/IEC 13818-7:2006 is embedded in the AAC bitstream according to Table 2-95.
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Table 2-95 - MPEG-2_AAC _additional_information field values

Value Description

0x00 AAC data according to ISO/IEC 13818-7:2006

0x01 AAC data with Bandwidth Extension data present according to ISO/IEC 13818-7:2006
0x02 .. OXFF Reserved

2.6.70 MPEG-4 text descriptor

The MPEG-4 text descriptor (see Table 2-96) carries textConfig() specified in ISO/IEC 14496-17 for the associated
ISO/IEC 14496-17 text stream, thereby providing basic information needed for the decoding of the associated ISO/IEC
14496-17 stream. For each ISO/IEC 14496-17 text stream carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream,
the NTPEG-Z Text descriptor shall be Included in the PMIT or In the PSM, 1T PSIVI IS present in the program stream., |

2.6.7

text(
I1ISO

2.6.7

The

Zero
1449
desc

Table 2-96 — MPEG-4 text descriptor

Syntax No. of bits Mnemonic
MPEG-4_text_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
textConfig()
}

1  Semantic definition of fields in MPEG-4 text descriptor

Config() — This shall carry the TextConfig() of the associated ISGUEC 14496-17 text stream, as defing
EC 14496-17.

2  MPEG-4 audio extension descriptor

IMPEG-4 audio extension descriptor (see Table 2-97) carries zero or more audioProfileLevellndication field
or one audioSpecificConfig() field, both encoded as specified in ISO/IEC 14496-3. Note that for each I1SO
6-3 audio stream carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, it is required that the MPEG-4 :
iptor be included in the PMT or in the PSM, if RSM is present in the program stream, while the MPEG-4 §

extension descriptor may be present too, providing additional information. If in the MPEG-4 audio descripto

MPE
spec
or P§
SO as
desc

G-4_audio_profile_and_level field is encodedwith the value OXFF, indicating that the audio profile and level
fied in the MPEG-4 audio descriptor, thenthe MPEG-4 audio extension descriptor shall be present in the same

to allow receivers to retrieve information about the associated audio stream without accessing the stream itself
iptor also allows to associate ansaudioSpecificConfig to an audio stream.

Table 2-97 — MPEG-4 audio extension descriptor

and
IEC
udio
udio
I the
S not
PMT

M as the MPEG-4 audio descriptor. Note-that this descriptor allows to provide the audioSpecificConfig out of and,

The

Syntax No. of bits Mnemonic
MPEG-4_audio_extension_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
ASC_flag 1 bslbf
reserved 3 bslbf
num_of_loops 4 uimsbf
for (1=0; 1I<num_of_loops; 1++) {
audioProfileLevellndication 8 uimsbf
}
if (ASC_flag=="1") {
ASC_size 8 uimsbf
audioSpecificConfig()
}
}

2.6.73  Semantic definition of fields in MPEG-4 audio extension descriptor

ASC_flag — A one-bit flag signalling the presence of the ASC_size field in this descriptor.
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num_of _loops — A 4-bit field specifying the number of immediately following audioprofileLevellndication fields in this
descriptor. This field may be encoded with the value zero.

audioProfileLevellndication — The audio profile and level of the associated ISO/IEC 14496-3 audio stream, encoded as
specified for the audioprofileLevellndication field in 1.5.2.1 in ISO/IEC 14496-3. Note that a single ISO/IEC 14496-3
audio stream may comply to more than one audio profile and level, and that this descriptor is designed to convey up to
15 different audioprofileLevellndication values.

ASC_size — The number of bytes of the immediately following AudioSpecificConfig().

audioSpecificConfig() — The audioSpecificConfig() of the associated ISO/IEC 14496-3 audio stream, as specified in
1.6.2.1in ISO/IEC 14496-3.

2.6.74 ___ Auxiliary video stream descriptor

The puxiliary video stream descriptor (see Table 2-98) specifies parameters for the decoding and interpretation-gf the
auxiliary video stream to which the descriptor is associated. For each auxiliary video stream carried in a~Rec. ITU-T
H.222.0 | ISO/IEC 13818-1 stream, the auxiliary video stream descriptor shall be included in the PMT of. in'the PSM, if
PSM is present in the program stream.

Table 2-98 — Auxiliary video stream descriptor

Syntax No.of bits Mnemonic
Auxiliary_video_stream_descriptor() { )
descriptor_tag 8 u!msbf
descriptor_length 8 u!msbf
aux_video_codedstreamtype 8 uimsbf

si_rbsp(descriptor_length-1)

}

2.6.15 Semantic definition of fields in auxiliary video streamxdescriptor

aux_|video_codedstreamtype — An 8-bit unsigned integer that-indicates the compression coding type of the auxiliary
videg stream. The value of aux_video_codedstreamtype shall match one of the stream types defined in Table 2-34 for
videg (for instance 0x02, 0x10 or 0x1B). In order to convey additional information such as profile/level, a descriptof that
corrgsponds to the aux_video_codedstreamtype may also be included in the PMT or in the PSM, if PSM is present ip the
progfam stream, for the auxiliary video data stream,
NOTE — For example, if the auxiliary video iscencoded using Rec. ITU-T H.264 | ISO/IEC 14496-10 Video, then the value of
apix_video_codedstreamtype is 0x1B and an-AV/C video descriptor (descriptor_tag = 40) can be optionally included.

si_rlysp() — Supplemental information RBSP as defined in ISO/IEC 23002-3. It shall contain at least one auxiliary Yideo
suppflemental information (AVSI) message (also defined in ISO/IEC 23002-3). The type of auxiliary video is infgrred
from|si_rbsp(). The total size of si_¥bsp() shall not exceed 254 bytes.

2.6.16  SVC extension descriptor

For video sub-bitstreams)'of AVC video streams conforming to one or more profiles defined in Annex ¢ of
Rec.|ITU-T H.264 |1SO/IEC 14496-10, the SVC extension descriptor (see Table 2-99) provides information aboyt the
AV({ video stream_ tesulting from re-assembling (up to) the associated video sub-bitstream and provides informption
about scalabilityand re-assembly of the associated video sub-bitstream. There may be one SVC extension descriptor
asso¢iated with~any of the video sub-bitstreams of an AVC video stream conforming to one or more profiles defingd in
Anngx G(ofRec. ITU-T H.264 | ISO/IEC 14496-10.

© ISO/IEC 2023 - All rights reserved Rec. ITU-T H.222.0 v9 (08/2023) 111


https://standardsiso.com/api/?name=d976a73236130e03c15e87bc0324abc2

ISO/IEC 13818-1:2023

Table 2-99 — SVC extension descriptor

Syntax No. of bits Mnemonic
SVC_extension_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
width 16 uimsbf
height 16 uimsbf
frame_rate 16 uimsbf
average_bitrate 16 uimsbf
maximum_bitrate 16 uimsbf
dependency _id 3 bslbf
reserved 5 bslbf
quality_id_start 4 bslbf
quality_id_end 4 bsibf
temporal_id_start 3 bslbf
temporal_id_end 3 bslbf,
no_sei_nal_unit_present 1 bslbf
reserved 1 bstbf
}

2.6.17  Semantic definition of fields in SVC extension descriptor
width — This 16-bit field indicates the maximum image width resolution, in pixels of the re-assembled AVC video stieam.

height — This 16-bit field indicates the maximum image height resolution; in-pixels of the re-assembled AVC yideo
stream.

frame_rate — This 16-bit field indicates the maximum frame rate, in frames/256 seconds of the re-assembled AVC yideo
stream.

averpge_bitrate — This 16-bit field indicates the average bitfaté, in kbit per second, of the re-assembled AVC Yideo
stream.

maxjmum_bitrate — This 16-bit field indicates the maximum bit rate, in kbit per second, of the re-assembled AVC yideo
stream.

depgndency_id — This 3-bit field indicates the value of dependency _id associated with the video sub-bitstream.

qualjty _id_start — This 4-bit field indicates the minimum value of the quality_id of the NAL unit header syntax element
of al| the NAL units contained in the associated video sub-bitstream.

ty_id_end — This 4-bit field indicates the maximum value of the quality_id of the NAL unit header syntax element
the NAL units contained in the associated video sub-bitstream.

oral_id_start — This/3:bit field indicates the minimum value of the temporal_id of the NAL unit header syntax
ent of all the NAL units'contained in the associated video sub-bitstream.

oral_id_end ~This 3-bit field indicates the maximum value of the temporal_id of the NAL unit header syntax
ent of all thesNAL units contained in the associated video sub-bitstream.

no_sei_nal_wnit” present — This 1-bit flag when set to 1" indicates that no SEI NAL units are present in the assodiated

QTE — In case the no_sei_nal_unit_present flag is set to '1' for all SVC video sub-bitstreams and is not set to '1' or not present for
ANV E-rideo-stb-bitstrearmo v-Cany NAtrttsHpresentarethciutded-n-the- AV C-rideo-stb-biistream-o vE-If the
SVC extension descriptor is absent for all video sub-bitstreams, SEI NAL units may be present in any SVC dependency
representation of an SVC video sub-bitstream, and may require re-ordering to the order of NAL units within an access unit as
defined in Rec. ITU-T H.264 | ISO/IEC 14496-10 before access unit re-assembling.

2.6.78 MVC extension descriptor

For MVC video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex H of Rec.
ITU-T H.264 | ISO/IEC 14496-10, the MV C extension descriptor (see Table 2-100) provides information about the AVC
video stream resulting from reassembling (up to) the associated MVC video sub-bitstream and provides information about
the contained MVC video sub-bitstream and for the reassembly of the associated MVC video sub-bitstream. There may
be one MVC extension descriptor associated with any of the MV C video sub-bitstreams (with stream_type equal to 0x20)
of an AVC video stream conforming to one or more profiles defined in Annex H of Rec. ITU-T H.264 |
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ISO/IEC 14496-10. When the MVC video sub-bitstream is an MVC base view sub-bitstream, the MVC extension
descriptor shall be present in the associated PMT or PSM for stream_type equal to 0x1B.

This descriptor can also be used by applications that require association between stereoscopic MVC views and left or
right eye using the syntax elements 'view_association_not_present' and 'base_view _is_left_eyeview'.

Table 2-100 — MV C extension descriptor

Syntax No. of bits Mnemonic
MVC_extension_descriptor() {
descriptor_tag 8 uimsbf
rlncnripfnr_lnngfh 8 wimshf
average_bit_rate 16 uimsbf
maximum_bitrate 16 uimsbf
view_association_not_present 1 bslbf
base_view_is_left_eyeview 1 bsIbf
reserved 2 bslbf
view_order_index_min 10 bsibf
view_order_index_max 10 bsIbf
temporal_id_start 3 bslbf
temporal_id_end 3 bslbf
no_sei_nal_unit_present 1 bsibf
no_prefix_nal_unit_present 1 bsIbf
}

2.6.19  Semantics of fields in MVC extension descriptor

averpge_bitrate — This 16-bit field indicates the average bit rate;<in"kbits per second, of the re-assembled AVC yideo
streain. When set to 0, the average bit rate is not indicated.

maxjmum_bitrate — This 16-bit field indicates the maximum bit rate, in kbits per second, of the re-assembled AVC yideo
stream. When set to 0, the maximum bit rate is not indicated.

view| association_not_present — This 1-bit, flag when set to '0' indicates that the syntax element
base| view _is_left_eyeview signals the associatign between base view and left or right eye. When this flag is set to {1’ no
suchfassociation is signalled.

base| view_is_left_eyeview — This flag shall be set to '1' when the view_association_not_present_flag is set to '1' agd no
view] association is conveyed in the deseriptor. When the view_association_not_present_flag is set to ‘0" and this flag is
set tg '1', it indicates that the base view is associated with the left eye view (or enhancement view is associated with the
rightj eye view). When the view\association_not_present_flag is set to '0' and this flag is set to '0', it indicates that the
base|view is associated with.the right eye view (or enhancement view is associated with the left eye view).

view order_index_min=This 10-bit field indicates the minimum value of the view order index of all the NAL pnits
contained in the associated MVC video sub-bitstream.

view order_index~max — This 10-bit field indicates the maximum value of the view order index of all the NAL pnits
contained in_the.associated MVC video sub-bitstream.

temporal_id_start — This 3-bit field indicates the minimum value of the temporal_id of the NAL unit header syntax
element-of all the NAL units contained in the associated MV C video sub-bitstream.

temporal_id_end — This 3-bit field indicates the maximum value of the temporal_id of the NAL unit header syntax
element of all the NAL units contained in the associated MV C video sub-bitstream.

no_sei_nal_unit_present — This 1-bit flag when set to 1" indicates that no SEI NAL units are present in the associated
video sub—bitstream.
NOTE — In case the no_sei_nal_unit_present flag is set to '1' for all MVC video sub-bitstreams and is not set to '1' or not present
for the AVC video sub-bitstream of MVC, any SEI NAL units, if present, are included in the AVC video sub-bitstream of MVC.
If the MVC extension descriptor is absent for all MVC video sub-bitstreams, SEI NAL units may be present in any MVC
view-component subset of an MVC video sub-bitstream, and may require re-ordering to the order of NAL units within an access
unit as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10 before access unit re-assembling.

© ISO/IEC 2023 - All rights reserved Rec. ITU-T H.222.0 v9 (08/2023) 113


https://standardsiso.com/api/?name=d976a73236130e03c15e87bc0324abc2

ISO/IEC 13818-1:2023

no_prefix_nal_unit_present — This 1-bit flag when set to '1' indicates that no prefix NAL units are present in either the
AVC video sub-bitstream of MVC or MV C video sub-bitstreams. When this bit is set to ‘0", it indicates that prefix NAL
units are present in the AVC video sub-bitstream of MVC only.

2.6.80 J2K video descriptor

For J2K video elementary streams conforming to one or more profiles defined in Rec. ITU-T T.800 | ISO/IEC 15444-1,
the J2K video descriptor (see Table 2-101) provides information that may be present in each J2K access unit as well as
for the J2K video sequence. In addition, it provides information to signal J2K still pictures. This descriptor shall be
included for each J2K video elementary stream component in the PMT with stream_type equal to 0x21.

Table 2-101 — J2K video descriptor

Syntax No. of bits Mnemahic
J2K] video_descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
extended_capability_flag 1 bslbf
profile_and_level 15 bslbf
horizontal_size 32 uimsbf
vertical_size 32 uimsbf
max_bit_rate 32 uimsbf
max_buffer_size 32 uimsbf
DEN_frame_rate 16 bslbf
NUM_frame_rate 16 bslbf
if (extended_capability_flag =="1") {

stripe_flag 1 bslbf

block_flag 1 bslbf

mdm_flag 1 bslbf

reserved (all bits to be set to '0") 5 bslbf
}else {

color_specification 8 bslbf
}
still_mode 1 bslbf
interlaced_video 1 bslbf
reserved 6 bslbf

if (extended_capability_flag =="1") {

colour_primaries 8 uimsbf
transfer_characteristics 8 uimsbf
matrix_coefficients 8 uimsbf
video_full_range_flag 1 bsIbf
reserved 7 bslbf
if (stripe_flag=="1") {
strpmax_idx 8 uimsbf
strp_height 16 uimsbf
}
if (block_flag =="1") {
full_horizontal_size 32 uimsbf
full_vertical_size 32 uimsbf
blk_width 16 uimsbf
hll(_hpighf 16 uimshf
max_blk_idx_h 8 uimsbf
max_blk_idx_v 8 uimsbf
blk_idx_h 8 uimsbf
blk_idx_v 8 uimsbf
}
if (mdm_flag =="1") {
X ¢0,Y c0, X cl,Y cl, X c2,Y_c2 16x6 uimsbf
X_wp 16 uimsbf
Y_wp 16 uimsbf
L_max 32 uimsbf
L_min 32 uimsbf
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Table 2-101 — J2K video descriptor

Syntax No. of bits Mnemonic
MaxCLL 16 uimsbf
MaxFALL 16 uimsbf
}
}
for (i=0; i<N; i++) {
private_data_byte 8 bslbf
}
}

2.6.81 Semantics of fields in J2K video descriptor

extended_capability flag— This 1-bit field indicates that the J2K video stream uses extended color specification (thrpugh
threq bytes defining the chromaticity parameters, as described below), and that it might have oneJef several of the

following capabilities enabled: stripes (through the J2K stripe mode), blocks (through the J2K blogk mode), or incl

sion

of mastering display metadata. The exact list of enabled capabilities is set through subsequent flags-in‘the video desciiptor

(see pelow).

profijle_and_level — This 15-bit field shall correspond to the 15 least significant bits of\thé-2-bytes Rsiz value included

in a

horigontal_size — This 32-bit field indicates the horizontal size_of-the frame (for progressive) or field (for interl

ith legacy devices conforming to previous versions of this Recommendation | International Standard. Havin

o Do = =

y both legacy and new devices.

| J2K codestream main headers of this J2K video stream. Rsiz values thatyare defined in Table A.J0 of
Rec.|ITU-T T.800 | ISO/IEC 15444-1 and do set to '0' their most significant bit are @Hlowed.

OTE - the combination of the extend_capability_flag and the profile_and_level field'ensures backward and forward compatibility

the

tended_capability flag set to '1' leads indeed to a 16-bit value outside-the range accepted by previous versions of this
ecommendation | International Standard. This way, J2K video streams with extended capabilities can be unequivocally identified

ced)

comprised in each J2K access unit. If J2K block mode is enabled; this frame or field corresponds to a spatial rectangular

block of the entire video frame or field. It shall be coded the*same as the Xsiz parameter found in all J2K codest
mair| headers of this J2K video stream, as defined in Annex*A of Rec. ITU-T T.800 | ISO/IEC 15444-1.

vertical_size — This 32-bit field indicates the vertical-size of the frame (for progressive) or field (for interlaced) comp
in each J2K access unit. If J2K block mode is enabled, this frame or field corresponds to a spatial rectangular blo
the
all J2K codestream main headers of this J2K rideo stream. If J2K stripe mode is enabled, it shall be coded as the sy
the
comprised in each J2K access unit. Ysiz'parameters are defined in Annex A of Rec. ITU-T T.800 | ISO/IEC 15444-

max| bit_rate — This field may be coded the same as the brat_max_br field specified in Table S.1 and shall not ex
the mpaximum compressed bitrate value for the profile and level specified in Table S.2. This field shall be set appropri
and gignalled when profileCand_level = '000 0011 0000 0111', where no maximum bit rate is specified.

feam

rised
ck of

tire video frame or field. If J2K stripe made is disabled, it shall be coded the same as the Ysiz parameter foupd in

siz parameters found in all J2K codestreams composing the frame (for progressive) or a field (for interl

m of
ced)

=

ceed

ately

max| buffer_size — This-field shall not exceed the Maximum buffer size value for the profile and level specifigd in

Tablp S.2. When profilé_and_level ='000 0011 0000 0111", the max_buffer_size shall be set appropriately and sha
excepd (max_bit, rate/1.60E5), where max_bit_rate is expressed in bit/s.

DEN_framé<rate — This field shall be coded the same as frat_denominator field specified in Table S.1 (see Annex

NUNI Arame_rate — This field shall be coded the same as frat_numerator field specified in Table S.1 (see Annex S).

| not

s).
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broadcast frame rates with associated values of DEN_frame_rate and NUM_frame_rate.
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Table 2-102 — Example frame rates based on DEN_frame_rate and NUM_frame_rate values

DEN_frame_rate NUM_frame_rate ( dec'i:nrwir:]ree;r)?zeserr?:;ion) Frame rate
0000 0000 0000 0000 Forbidden
0000 0011 1110 1001 0101 1101 1100 0000 24000/ 1001 23.976
0000 0000 0000 0001 0000 0000 0001 1000 2411 24.0
0000 0000 0000 0001 0000 0000 0001 1001 25/1 25.0
0000 0011 11101001 0111 0101 0011 0000 30000/ 1001 29.97
0000 0000 0000 0001 0000 0000 0001 1110 30/1 30.0
0000 0000 0000 0001 0000 0000 0011 0010 50/1 50.0
0000 0011 11101001 1110 1010 0110 0000 60 000/ 1001 59.94
0000 0000 0000 0001 0000 0000 0011 1100 60/1 60.00

strip

e_flag — This 1-bit field is included only if the extended_capability flag is set to '1". It indicates whether the

vide

(see [Table S.1) shall not include the syntax element j2k tcod, shall include the syntax element\j2k strp, an
corrdgsponding J2K access unit shall be made of a succession of J2K stripes. When this flag is set;to '0', the J2K a
unit plementary stream header shall include the syntax element j2k_tcod, shall not include the Syntax element j2k |
and the corresponding J2K access unit shall be made of one J2K codestream in case of pregressive content and two
codeptreams in case of interlaced content.

block_flag — This 1-bit field is included only if the extended_capability flag is setdey1". When set to '1', it indicate
the JPK video stream has J2K block mode enabled, meaning that this J2K videotstream actually corresponds to a s
rectangular block of the full video stream. Subdivision of each frame into rectangular independent blocks is fu
defirfed in Section S.3. When set to ‘0", then the associated J2K video stream‘shall not have J2K block mode enabled.

md
the
SMP
the ¢

colo
legag
in Ta
still |
to 0’

inten
set t
fiel |

stream has J2K stripe mode enabled. When this flag is set to '1' the J2K access unit elementary stream hg

_flag — This 1-bit field is included only if the extended_capability <flag is set to '1'. When set to '1', it indicate
U2K video descriptor contains the characteristics of the\Mastering Display Metadata, as describe
TE ST 2086:2014 (see below corresponding fields). When set to ‘0", then the J2K video descriptor shall not co
haracteristics of the Mastering Display Metadata.

- _specification — This 8-bit field is included only if the ‘extended_capability flag is set to '0' and corresponds {
y color specification method. It shall be coded the §ame as the bcol_colcr 8-bit field of the j2k_bcol box as speq
ble S.1 (see Annex S).

mode — This 1-bit field, when set to '1', indicates that the J2K video stream may include J2K still pictures. Whe
then the associated J2K video streamyshall not contain J2K still pictures.

laced_video — This 1-bit field indicates whether the J2K video stream contains interlaced video. When this f
p '1' the J2K access unit elementary stream header (see Table S.1) shall include the syntax elements brat_
box_code, fiel_fic and fiel £ig-When this flag is set to '0', these syntax elements shall not be present in the]

J2K
ader
the
cess
Strp,
J2K

that
atial
rther

that
0 in
ntain

D the
ified

n set

ag is
hut2,
J2K

8-bit
color
field

IEC

acces$s unit elementary stream-header.

colof_primaries, transfer_characteristics, matrix_coefficients, video_full_range_flag — These four fields (three
fieldp and one 1-bit field) are included only if the extended capability flag is set to '1' and correspond to a
specification methed.alowing a broader set of color code points than the legacy method (see color_specification
abowe). These fields-shall be coded according to the semantics with the same name defined in Rec. ITU-T H.273|1SO
23001-8.

strp| max \idx — This 8-bit field is included only if J2K stripe mode is enabled. It shall be in the range 0x01 .. Oxf
indig i

one.

strp_height — This 16-bit field is included only if J2K stripe mode is enabled. It indicates the default vertical size of a
stripe. Depending on the vertical_size field value, the last stripe might have a different height, as detailed in S.4.

full_horizontal_size — This 32-bit field is included only if J2K block mode is enabled. It indicates the horizontal size of

the e

ntire video frame of this J2K video stream.

full_vertical_size — This 32-bit field is included only if J2K block mode is enabled. It indicates the vertical size of the
entire video frame of this J2K video stream.

blk_width — This 16-bit field is included only if J2K block mode is enabled. It indicates the default width of a J2K block.
Depending on the full_horizontal_size field value, the last block of a row might have a different width, as detailed in S.3.
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blk_height — This 16-bit field is included only if J2K block mode is enabled. It indicates the default height of a J2K
block. Depending on the full_vertical_size field value, the last block of a column might have a different height, as detailed
in S.3.

max_blk_idx_h — This 8-bit field is included only if J2K block mode is enabled and indicates the maximum value of the
horizontal block index for this video frame. It corresponds to the total number of blocks in the horizontal direction, minus
one.

max_blk_idx_v — This 8-bit field is included only if J2K block mode is enabled and indicates the maximum value of the
vertical block index for this video frame. It corresponds to the total number of blocks in the vertical direction, minus one.

blk_idx_h — This 8-bit field is included only if J2K block mode is enabled and indicates the horizontal block index of the
current block.

blk_jdx_v — This 8-bit field is included only if J2K block mode is enabled and indicates the vertical block index df the
currgnt block.

The following fields X_c0, Y_c0, X_c1, Y_c1, X _¢2, Y_c2, X_wp, Y_wp, L_max and L_min correspond to the fields
defirfed in SMPTE ST2086:2014 "Mastering Display Color Volume Metadata Supporting High Luminance and Yide
Gamut Images". The fields MaxFALL and MaxCLL correspond to the fields defined in ANSI/ETA 861-G:R016
"A DTV Profile for Uncompressed High Speed Digital Interfaces”. If these 12 fields have unknown values at the tire of
generating the stream, they shall not be included in the descriptor and the mdm_flag shall be setto™0'.

X_c0, Y_c0, X_c1,Y_cl, X _c2, Y_c2 - These 16-bit fields are included only if the mdm’flag is set to '1". They spgcify
the normalized x and y chromaticity coordinates of the colour primary components of the mastering display in increments
of 0.p0002, according to the CIE 1931 definition of x and y as specified in ISO 11664-1 (see also 1SO 11664-3 and CIE
15). For describing mastering displays that use red, green, and blue colour primaries; it is suggested that index vallie cO
should correspond to the green primary, c1 should correspond to the blue primary, and c2 should correspond to thg red
colodir primary. The values of these 6 fields shall be in the range of 0 to 50 000, inclusive.

_wp and Y_wp — These 16-bit fields are included only if the mdm_flag is set to '1'. They specify the normalized X and
y chijomaticity coordinates of the white point of the mastering display~in normalized increments of 0.00002, accordipg to
IE 1931 definition of x and y as specified in ISO 11664-1 (seé.also 1SO 11664-3 and CIE 15). The values of ¥ wp
_wp shall be in the range of 0 to 50 000.

ax and L_min — These 32-bit fields are included only if the mdm_flag is set to '1'. They specify the notinal

. L_min shall be less than L_max. At minimum fuminance, the mastering display is considered to have the same

LL — This 16-bit field is included only.ifthe mdm_flag is set to '1". It specifies the Maximum Content Light LLevel
and gorresponds to the brightest pixel in the’entire stream, in units of 1 cd/m2, where 0x0001 represents 1 cd/m3 and
OxFRFF represents 65535 cd/m2. It shall ‘be calculated according to Annex P Calculation of MaxCLL and MaxHALL
sectipn P.1 in ANSI/CTA 861-G:2016°A DTV Profile for Uncompressed High Speed Digital Interfaces.

MaxFALL — This 16-bit field is-included only if the mdm_flag is set to '1'. It specifies the Maximum Frame Avgrage
Light Level and corresponds‘to/the highest frame average brightness per frame in the entire stream, in units of 1 cg/m2,
where 0x0001 representssl-ed/m2 and OxFFFF represents 65535 cd/m2. It shall be calculated according to Anrlex P
Calcplation of MaxClk and MaxFALL section P.2 in ANSI/CTA 861-G:2016 "A DTV Profile for Uncompressed High
Speed Digital Interfaces".

If for some reason‘the MaxCLL and/or MaxFALL values are unknown, the value 0x0000 shall be used.

2.6.92 MNVC operation point descriptor

The MYC operation point descriptor (see Table 2-103) provides a method to indicate profile and level for one or more
operation points each constituted by a set of one or more MVC video sub-bitstreams. If present, the MV C operation point
descriptor shall be included in the group of data elements following immediately the program_info_length field in the
program_map_section. If an MVC operation point descriptor is present within a program description, at least one
hierarchy descriptor shall be present for each MV C video sub-bitstream present in the same program.

NOTE - In order to indicate different profiles, one MVC operation point descriptor per profile is needed.
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Table 2-103 — MV C operation point descriptor

Syntax No. of bits Mnemonic
MVC_operation_point_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
profile_idc 8 uimsbf
constraint_set0_flag 1 bslbf
constraint_setl flag 1 bslbf
constraint_set2_flag 1 bslbf
constraint_set3_flag 1 bslbf
constraint_set4_flag 1 bslbf
constraint_set5_flag 1 bslbf
AVC_compatible_flags 2 bslbf
level_count 8 uimsbf
for (i=0;i<level_count; i++) {
level_idc 8 uimsbf
operation_points_count 8 uimsbf
for (j =0; j< operation_points_count; j++ ) {
reserved 5 bslbf
applicable_temporal_id 3 uimsbf
num_target_output_views 8 uimsbf
ES_count 8 uimsbf
for (k =0; k< ES_count; k++) {
reserved 2 bslbf
ES_reference 6 uimsbf
}
}
}
}
2.6.83  Semantic definition of fields in MVC operation,point descriptor
profjle_idc — This 8-bit field indicates the profile, as defiried in Rec. ITU-T H.264 | ISO/IEC 14496-10, of all operption
points described within this descriptor for the MV C hitstream.
consfraint_setO_flag, constraint_setl flag, “\eonstraint_set2 flag, constraint_set3 flag, constraint_set4 [flag,
consfraint_set5 flag — These fields shall“\be” coded according to the semantics for these fields defined in |Rec.
ITU{T H.264 | ISO/IEC 14496-10.
AV({ compatible_flags — The semantics of AVC_compatible_flags are exactly equal to the semantics of the figld(s)
defirfed for the 2 bits between the-canstraint_set2 flag and the level_idc field in the sequence parameter set, as defingd in
Rec.|ITU-T H.264 | ISO/IEC 14496-10.
levell count — This 8-bit field indicates the number of levels for which operation points are described.
level| idc — This 8-bitdield indicates the level, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10, of the MVC bitstream

for the operation points described by the following groups of data elements.

oper
follo

wing group of data elements.

appl

cable temporal id — This 3-bit field indicates the highest value of the temporal_id of the VCL NAL units i

ation_points_count — This 8-bit field indicates the number of operation points described by the list included in

the

h the

AN L.

+al
re GDDUIIIUIC\J M\V 'O VIUCTU JLI cartt.

num_target_output_views — This 8-bit field indicates the value of the number of the views, targeted for output for the
associated operation point.

ES_count - This 8-bit field indicates the number of ES_reference values included in the following group of data elements.
The elementary streams indicated in the following group of data elements together form an operation point of the MVC
video bitstream. The value Oxff is reserved.

ES_reference — This 6-bit field indicates the hierarchy layer index value present in the hierarchy descriptor which
identifies a video sub-bitstream.

NOTE — The profile and level for a single operation point, e.g., the entire MVC video bitstream, can be signalled using the AVC
video descriptor. Beyond that, MVC allows for decoding different view subsets which can require different profiles and/or levels.
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The specification of the MVC operation point descriptor supports the indication of different profiles and levels for multiple
operation points.

2.6.84 MPEGZ2_stereoscopic_video_format_ descriptor

The MPEG2_stereoscopic_video_format_descriptor (see Table 2-104) may be associated in the PMT for MPEG-2 video
components (with stream_type value equal to 0x02). When present, the descriptor shall be located in the loop following
ES_info_length field in PMT. When the descriptor is included in the PMT, the associated MPEG-2 video elementary
stream shall contain stereoscopic video format information in the user_data extension as specified in Rec. ITU-T H.262 |
ISO/IEC 13818-2:2000/Amd.4. If the descriptor is not included for MPEG-2 video with stream_type value equal to 0x02,
then the associated MPEG-2 video elementary stream may or may not contain stereoscopic video format information.

2.6.8

sterg
stere|
‘0", th

arral
Rec.
elem

2.6.8
Sterq

compatible stereoscopic 3D as well as service-compatible stereoscopic 3D services. This descriptor conveys inform

ataf
desc
is pr
in th

Table2-104-MREG2 SIQFQQSGQP-IG video—format dQSGI’-’ithF Se‘ntax

Syntax No. of bits Format
MPEG2_stereoscopic_video_format_descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
stereo_video_arrangement_type_present 1 bslbf
if (stereo_video_arrangement_type_present) {

arrangement_type 7 bslbf
}
else {

reserved 7 bslbf
}

}

5 Semantic definition of fields in the MPEG2_stereoscopic_video_format_descriptor

bh_video_format_type included in the user_data of ass@ciated MPEG-2 video elementary stream. If this bit is §
en no such signalling is made available in this desctiptor.

ngement_type: This field shall be set to<the same value as arrangement_type defined in Table LA
ITU-T H.262 | ISO/IEC 13818-2:2000/Amd;4 and included in the user_data extension of associated MPEG-2
entary stream.

6  Stereoscopic_program_infe. descriptor

oscopic_program_info_descriptor (see Table 2-105) specifies the identification of 2D-only (monoscopic), fi
rogram level and assists\decoders determine resources required to support the signalled services. When present

sent, stream_type-values and descriptors associated with the video components in the loop following ES_info_Ig
e PMT shall neticonflict with the stereoscopic_service_type signalled in this descriptor.

Table 2-105 — Stereoscopic_program_info_descriptor syntax

0_video_arrangement_type present: When this bit iS.set to '1', then the following 7-bits indicate the type of

et to

1 of
ideo

Fame
htion
| this

iptor shall be includedin the loop following program_info_length field in the PMT. In addition, when this desciliptor

ngth

Syntax No. of bits Format
Stereoscopic_program_info_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 5 bsIbf
stereoscopic_service_type 3 bslbf

}

2.6.87  Semantic definition of fields in the stereoscopic_program_info_descriptor

descriptor_length: This field shall be set to 0x01.
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stereoscopic_service_type: This specifies the type of service that is provided through the associated components such as
monoscopic, frame compatible stereoscopic or service-compatible stereoscopic according to Table 2-106.

Table 2-106 — Stereoscopic_service_type values

Values Description
‘000" unspecified
‘001" 2D-only (monoscopic) service (see Note 1)
'010' Frame-compatible stereoscopic 3D service
‘011" Service-compatible stereoscopic 3D service (see Note 2)
‘100 111" Rec ITILT H 222 0| ISQ/IEC 13818-1 reserved

2.6.8

The

stere
view
a 2D
a 2D

The

stere
or 0
servi

NOTE 1 — 2D-only (monoscopic) service is used in 2D/3D mixed programs based on service-compatible
stereoscopic 3D service, i.e., a service that has an arbitrary mixture of 2D and 3D video. 2D video can be coded
independently using either MPEG-2 or AVC video to maintain stability of 3DTV broadcasting system.

NOTE 2 — Service-compatible stereoscopic 3D service is based on 'simulcast' of stereoscopic view sequences.
Each view of the stereoscopic video sequences can be coded independently using either MPEG-2 or AVC.Video or
any combination thereof. Base view video stream for service-compatible stereoscopic 3D services is-signalled
using stream_type value of 0x02 for MPEG-2 video and stream_type value of 0x1B for AVC videq./Additional
view video stream for service-compatible stereoscopic 3D services is signalled using stream_type value of 0x22
for MPEG-2 video and stream_type value of 0x23 for AVC video.

8  Stereoscopic_video_info_descriptor

stereoscopic_video_info_descriptor (see Table 2-107) provides information related to service-compa

bscopic 3D services that carry left and right view in separate video streams. The two streams are called the *
video stream" and the "additional view video stream". The base view video’stream may be displayed on its ow
video service. If signalled as specified below, the additional view video stream may also be displayed on its ow
video service.

stereoscopic_video_info_descriptor is located in the loépofollowing ES_info_length field in PMT.
bscopic_video_info_descriptor shall be included for both the'base view video component (stream_type values
1B) and additional view video component (stream_type*values 0x22 or 0x23) in the PMT for programs that su
ce-compatible stereoscopic 3D video. The stereostopic_video_info_descriptor should not be associateg

components with any other stream_type values as its meanring is undefined for other stream_type values.

Table 2-107 — Stereoscopic_video_info_descriptor syntax

tible
base
n for
n for

The
PDx02
pport

for

Syntax No. of bits Format
Stereoscopic_ video_info_deseriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 7 bslbf
base_video, flag 1 bslbf
if (basenvideo_flag) {
reserved 7 bslbf
leftview_flag 1 bslbf
} else {
reserved 7 bslbf
usable_as 2D 1 bslbf
hrorizomtat—opsamptimg_factor 7% st
vertical_upsampling_factor 4 bslbf
}
}

2.6.89  Semantic definition of fields in the stereoscopic_video_info_descriptor

base _video_flag: When the bit is set to '1', it indicates that the video stream is a base video stream. When the bit is set to
'0', it indicates that the video stream is an additional view video stream. This bit shall be set to '1' for base view video
stream components with stream_type values of 0x02 and 0x1B and this bit shall be set to '0' for the additional view video

streal
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m components with stream_type values of 0x22 and 0x23.
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leftview_flag: When the bit is set to '1', it indicates that the associated video stream component is the left view video
stream. When the bit is set to '0', it indicates that the associated video stream component is the right view video stream.

usable_as_2D: When this bit is set to '1', it indicates that the additional view video stream may also be used for a 2D
video service.

horizontal_upsampling_factor and vertical_upsampling_factor: These fields provide higher level information on any
upsampling that may be required after the video component is decoded. The values and description of upsampling factors
are defined in Table 2-108. These values are informational, and that the definitive values are those in the video elementary
stream. When this syntax element is set to '0001' decoders are expected to use the information in the video elementary
stream to determine appropriate upsampling factors (if needed).

Table2-108—Upsampling-factorvalues

Value Description
'0000° Forbidden
'0001' unspecified
'0010' Coded resolution is same as coded resolution of base view
‘0011 Coded resolution is % coded resolution of base view
‘0100 Coded resolution is 2/3 coded resolution of base view
‘0101 Coded resolution is ¥ coded resolution of base view

'0110' .. '1000 reserved

'1001' .. '1111" user_private

2.6.90 Extension descriptor

The gxtension descriptor (see Table 2-109) provides a mechanism to extend the Rec. ITU-T H.222.0 | ISO/IEC 13418-1
descfiptor range (see Table 2-45). The descriptors which are based.@n the extension descriptor are signalled usingy the
extension descriptor with extension_descriptor_tag values defined*ig-Table 2-110.

Table 2-109 — Extension descriptor

Syntax No. of bits Mnemonic
Extension_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
extension_descriptor_tag 8 uimsbf

if ( extension_descripton tag == 0x02) {
ObjectDescriptorUpdate()

}

else if ( extension_descriptor_tag == 0x03) {
HEVC_timing_and_HRD_descriptor()

}

else if ( extension_descriptor_tag == 0x04) {
af_extensions_descriptor ()

¥

else if (extension descriptor tag == 0x05) {

HEVC_operation_point_descriptor( )

}

else if ( extension_descriptor_tag == 0x06 ) {
HEVC_hierarchy_extension_descriptor( )

}

else if ( extension_descriptor_tag == 0x07) {
Green_extension_descriptor ()

}

else if ( extension_descriptor_tag == 0x08) {
MPEG-H_3dAudio_descriptor()
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Table 2-109 — Extension descriptor

Syntax No. of bits Mnemonic

}

else if ( extension_descriptor_tag == 0x09) {
MPEG-H_3dAudio_config_descriptor()

}

else if ( extension_descriptor_tag == 0x0A) {
MPEG-H_3dAudio_scene_descriptor()

N
J

else if ( extension_descriptor_tag == 0x0B) {
MPEG-H_3dAudio_text_label_descriptor()

}

else if ( extension_descriptor_tag == 0x0C) {
MPEG-H_3dAudio_multi-stream_descriptor()

}

else if ( extension_descriptor_tag == 0x0D) {
MPEG-H_3dAudio_drc_loudness_descriptor()

}

else if ( extension_descriptor_tag == OX0OE) {
MPEG-H_3dAudio_command_descriptor()

}

else if ( extension_descriptor_tag == 0x0F) {
Quality_extension_descriptor ()

}

else if ( extension_descriptor_tag == 0x10) {
Virtual_segmentation_descriptor ()

}

else if ( extension_descriptor_tag == 0x11) {
timed_metadata_extension ‘descriptor()

}

else if ( extension_descriptor_tag == 0x12) {
HEVC_tile_substream_descriptor()

}

else if ( extension, descriptor_tag == 0x13) {
HEMC~Subregion_descriptor()

}

else if)(\extension_descriptor_tag == 0x14) {
JXS_video_descriptor()

¥

else if ( extension_descriptor_tag == 0x15) {
VVC_timing_and_HRD_descriptor()

H
else if ( extension_descriptor_tag == 0x16) {

EVC_timing_and_HRD_descriptor()

}

else if ( extension_descriptor_tag == 0x17) {
LCEVC_video_descriptor ()

}

else if ( extension_descriptor_tag == 0x18) {
LCEVC_linkage_descriptor()
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Table 2-109 — Extension descriptor

Syntax No. of bits Mnemonic

else if ( extension_descriptor_tag == 0x19) {
Media_service_kind_descriptor()

}
else {
for (i=0; i<N; i++) {
reserved 8 bslbf
1
}

2.6.91 Semantic definition of fields in the extension descriptor
descriptor_tag — The descriptor_tag is an 8-bit field whose value is defined in Table 2-45.

descriptor_length — The descriptor_length is an 8-bit field specifying the number of bytes of the descriptor immedijately
following the descriptor_length field.

extension_descriptor_tag — The extension_descriptor_tag is an 8-bit field which identifies’each descriptor that use$ this
tag Value. See Table 2-109 for the extension_descriptor_tag values.

ObjgctDescriptorUpdate() — This structure is defined in section 8.5.5.2 of ISOHEC 14496-1.
HEVC_timing_and_HRD_descriptor() — This structure is defined in 2.6.95 and 2.6.96.
af_extensions_descriptor() — This structure is defined in 2.6.99.
HEVC_operation_point_descriptor() — This structure is definedkin’2.6.100 and 2.6.101.

HEVC _hierarchy_extension_descriptor() — This structure is'defined in 2.6.102 and 2.6.103.
Gregn_extension_descriptor() — This structure is defined-in 2.6.104 and 2.6.105.
MPHEG-H_3dAudio_descriptor() — This structure is defined in 2.6.106 and 2.6.107.
MPHEG-H_3dAudio_config_descriptor() — Thig.structure is defined in 2.6.108 and 2.6.1009.
MPHEG-H_3dAudio_scene_descriptor() #This structure is defined in 2.6.110 and 2.6.111.
MPHBG-H_3dAudio_text_label_descriptor() — This structure is defined in 2.6.112 and 2.6.113.
MPHEG-H_3dAudio_multi-stream_descriptor() — This structure is defined in 2.6.114 and 2.6.115.
MPHEG-H_3dAudio_drc_loudness_descriptor() — This structure is defined in 2.6.116 and 2.6.117.
MPHBG-H_3dAudio_command_descriptor() — This structure is defined in 2.6.118.
Quality_extension descriptor() — This structure is defined in 2.6.119.
Virtpal_segmentdtion_descriptor() — This structure is defined in 2.6.120 and 2.6.121.
timed_metadata_extension_descriptor() — This structure is defined in clause 8.2.3 of ISO/IEC 23001-13.
HEVCtile_substream_descriptor() — This structure is defined in 2.6.122 and 2.6.123.
HEVC_subregion_descriptor() — This structure is defined in 2.6.125 and 2.6.126.
JXS_video_descriptor() — This structure is defined in 2.6.127 and 2.6.128.
VVC_timing_and_HRD_descriptor() — This structure is defined in 2.6.131 and 2.6.132.

EVC timing_and HRD_descriptor() — This structure is defined in 2.6.135 and 2.6.136.
LCEVC_video_descriptor() — This structure is defined in 2.6.137 and 2.6.138.
LCEVC_linkage_descriptor() — This structure is defined in 2.6.139 and 2.6.140.

Media_service_kind_descriptor() — This structure is defined in 2.6.141 and 2.6.142
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Table 2-110 — Extension descriptor tag values

Extension_descriptor_tag TS | PS Identification

0 n/a | nfa | Reserved

1 na | X Forbidden

2 X X ODUpdate_descriptor

3 X n/a | HEVC_timing_and_HRD_descriptor()

4 X n/a | af_extensions_descriptor()

5 X n/a | HEVC_operation_point_descriptor()

6 X n/a | HEVC_hierarchy_extension_descriptor( )

7 X nla—Gresn—extension—descriptorl)

8 X n/a | MPEG-H_3dAudio_descriptor()

9 X n/a | MPEG-H_3dAudio_config_descriptor()

O0x0A X nfa | MPEG-H_3dAudio_scene_descriptor()

0x0B X n/a | MPEG-H_3dAudio_text_label_descriptor()

oxoL X n/a | MPEG-H_3dAudio_multi-stream_descriptor()

0xop X nfa | MPEG-H_3dAudio_drc_loudness_descriptor()

0x0E X n/a | MPEG-H_3dAudio_command_descriptor()

OxOF X n/a | Quality_extension_descriptor()

0x1p X nfa | Virtual_segmentation_descriptor()

Ox1fL X n/a | timed_metadata_extension_descriptor()

0x1p X n/a | HEVC_ tile_substream_descriptor()

0x1B X nfa | HEVC_subregion_descripton()

Ox1p X nfa | JXS_video_descriptor()

0x1p X n/a | VVC_timing_andHRD_descriptor()

0x1p X nfa | EVC_timing_and’ HRD_descriptor()

ox1f X X LCEVC video_descriptor()

0x1B X X LCEVC linkage_descriptor()

0x1p X X Media._service_kind_descriptor()

Ox1A .. OXFF nfa | nfa | Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Reserved
2.6.92 ODUpdate descriptor
The ODUpdate_descriptor may be used to carry a set of ObjectDescriptors through an ObjectDescriptorUpdate,| as a
replgcement or as a complement to~ 1SO/IEC 14496 object descriptor streams defined in the 10D. If used| the
ObjectDescriptorUpdate command shall be processed by the MPEG-4 terminal as defined in 7.2.5.5.2 of ISO/IEC 14496-
1. The descriptors carried in the ODUpdate_descriptor are in the same name scope as the scene description describgd in
the IpitialObjectDescriptarearried in the IOD descriptor.
Wheh an ODUpdate «deseriptor is used within a transport stream, the ODUpdate_descriptor shall be conveyed ip the
descfiptor loop immediately following the program_info_length field in the program map table, and shall be included
afterlan 10D descriptor.
Wheh an ODUpdate_descriptor is used within a program stream, the ODUpdate_descriptor shall be conveyed ip the
descfiptot loop immediately following the program_stream_info_length field in the program stream map, and shgll be
inclydechafter an 10D descriptor.

If an ODUpdate_descriptor is included before an 10D descriptor or if IOD descriptor is not present, then the ODUpdate
descriptor shall be ignored. More than one ODUpdate_descriptor may be included in a program map table or program

streal

m map.

2.6.93 Transport_profile_descriptor

The Transport_profile_descriptor (see Table 2-111) may be associated in the PMT to signal a profile value of transport
stream in the associated program. When present, the descriptor shall only be located in the loop following the
program_info_length field in the PMT. If the descriptor is not included in the PMT, then the associated transport stream
conforms to the complete profile.
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Table 2-111 — Transport_profile_descriptor syntax

Syntax No. of bits | Mnemonic
Transport_profile_descriptor{
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
transport_profile 8 uimsbf
for (i=0; i<N; i++) {
private_data 8 bslbf
}
1

2.6.94 Semantic definition of fields in the Transport_profile_descriptor

trangport_profile — This 8-bit profile value signals the use of constraints in the associated transport, stream for the
progfam. See Table 2-112.

Table 2-112 — Transport_profile values

Values Description
0x00 unspecified
0x01 Complete profile
0x02 Adaptive profile
0x03 .. OX0E reserved
OXOF .. OxFF user_private ©

@ Transport streams using this profile conform to all the normative definitions for transport streams. These
include conformant discontinuities, PCR jitter/accuracy, strict T-STD management, PCR interval
conformance (less than 100 ms), as well as PTS/DTS interval (0.7 seconds) and compliance.

b Transport streams using this profile conform to all thenormative definitions for transport streams with the
following exceptions:

— The PCR jitter may exceed the specified tolgrance as applications that use this profile usually do not
include null-PID packets. Clients that process these streams usually do not use the PCR to derive the
decoder STC. However, the PCR vatuge can be used in conjunction with the PTS and DTS for
conformant STD management of all-the media components in the associated program;

— the PCR interval occasionally éxceeds 100 ms in applications that use this profile due to occasional
bit rate variations in certain [ocations;

— conforming continuity counter errors and time base discontinuity may occur more frequently than in
complete profile.

¢ User private values@fitransport_profile that need unique identification can use the MPEG

registration_descriptor with,a'unique format_identifier value that is obtained from the Registration Authority.

26.95 HEVC video destriptor

coding parameters,such as profile and level parameters of that HEVC video stream. For an HEVC temporal video|sub-
bitstfeam or an HEVC temporal video subset, the HEVC video descriptor provides information such as the assodiated
HEMC highest'temporal sub-layer representation contained in the elementary stream to which it applies. This desctiptor
can glso be-used to indicate presence of WCG and HDR video components in the associated PID as well as additjonal
paraietérs to assist decoders with HDR capability to render intended video data on HDR capable display devicgs. In
addil?on, this can assist non-HDR capable decoders to use the information appropriately.

NOTE 1 — In case that the video characteristics change over time, care should be taken that the descriptor is updated accordingly.

For }?n HEVC video stréam, the HEVC video descriptor (see Table 2-113) provides basic information for identifying

This descriptor, when present, shall only be used for elementary streams with a stream_type value of 0x24, 0x25 or 0x31.
If more than one program element with a stream_type value of 0x31 is carried in a program, an HEVC_video_descriptor
may only be used for the first of these program elements. In this case, the information in the HEVC_video_descriptor
applies to the combination of all HEVC tile substreams with a HEVC tile substream descriptor indicating SubstreamID
values in the range of 0 up to TotalSubstreamIDs, as indicated in the HEVC subregion descriptor. When the program
element for which the HEVC video descriptor is used is part of an HEVC layered video stream, i.e., the program contains
at least one other program element with a stream_type value in the range of 0x28 .. 0x2B, the semantics of
HEVC _still_present_flag, HEVC_24hr_picture_present_flag and sub_pic_hrd_params_not_present_flag shall apply to
the whole HEVC layered video stream, i.e., also to all program elements with a stream_type value in the range of
0x28 .. 0x2B.
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NOTE 2 — For elementary streams with a stream_type value in the range of 0x28 .. 0x2B, the applicable value of level_idc can be

ambiguous and depend on the output layer set, i.e., the combination with other elementary streams. This information is signalled
by the HEVC operation point descriptor.

Table 2-113 — HEVC video descriptor

Syntax No. of bits Mnemonic
HEVC_video_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
profile_space 2 uimsbf
tier_flag 1 bslbf
profile_idc 5 uimsbf
profile_compatibility_indication 32 bslbf
progressive_source_flag 1 bslbf
interlaced_source_flag 1 bstbf
non_packed_constraint_flag 1 bSIbf
frame_only_constraint_flag 1 bslbf
copied_44bits 44 bslbf
level_idc 8 uimsbf
temporal_layer_subset_flag 1 bslbf
HEVC_still_present_flag 1 bslbf
HEVC_24hr_picture_present_flag 1 bslbf
sub_pic_hrd_params_not_present_flag 1 bslbf
reserved 2 bslbf
HDR_WCG _idc 2 bslbf
if (temporal_layer_subset_flag =="1") {
temporal_id_min 3 uimsbf
reserved 5 bslbf
temporal_id_max 3 uimsbf
reserved 5 bslbf
}
}
2.6.96  Semantic definition of fields in HEVVCwideo descriptor
profjle_space, tier_flag, profile_idg, profile_compatibility indication, progressive_source [flag,
intenflaced_source_flag, non_packed_constraint_flag, frame_only constraint_flag, level idc — When the HEVC

video descriptor applies to an HEVC vidéo stream or to an HEVC complete temporal representation, these fields shall be
codefd according to the semanticsidefined in Rec. ITU-T H.265 | ISO/IEC 23008-2 for general_profile_space,
general_tier_flag, general_profile/idc, general_profile_compatibility flag[i], general_progressive_source |flag,
geneyal_interlaced_source_flag, general_non_packed_constraint_flag, general_frame_only_constraint [flag,
genefal_level_idc, respectively; for the corresponding HEVC video stream or HEVC complete temporal representgtion,
and the entire HEVC video: stream or HEVVC complete temporal representation to which the HEVC video descripfor is
asso¢iated shall conform-to the information signalled by these fields.

Wheh the HEVCwideo descriptor applies to an HEVC temporal video sub-bitstream or HEVC temporal video subget of
the corresponding HEVC highest temporal sub-layer representation is not an HEVC complete temporal
reprgsentation; these fields shall be coded according to the semantics defined in Rec. ITU-T H.265 | ISO/IEC 2300842 for
sub_Jayef_profile_space, sub_layer tier flag, sub_layer profile_idc, sub_layer profile_compatibility flag[i], |sub_
layen progressive_source_flag, sub_layer_interlaced source flag, sub_layer _non_packed_constraint_flag, sub_layer
frame_only_c g, sub_layer_level_idc, respectively, D g gnhest temporal sub-layer
representation, and the entire HEVC hlghest temporal sub-layer representation to which the HEVC video descriptor is
associated shall conform to the information signalled by these fields.

The 32 flags general_profile_compatibility flag[i] or sub_layer_profile_compatibility flag[i], with index i ranging from
0 to 31, are arranged in the bit string profile_compatibility _indication with index i equal to 0 at the leftmost position and
index i increasing from left to right in the bit string.

NOTE 1 - In one or more sequences in the HEVC video stream the level may be lower than the level signalled in the HEVC video
descriptor, while also a profile may occur that is a subset of the profile signalled in the HEVC video descriptor. However, in the
entire HEVC video stream, only subsets of the entire bitstream syntax shall be used that are included in the profile signalled in the
HEVC video descriptor, if present. If the sequence parameter sets in an HEVC video stream signal different profiles, and no
additional constraints are signalled, then the stream may need examination to determine which profile, if any, the entire stream
conforms to. If an HEVC video descriptor is to be associated with an HEVC video stream that does not conform to a single profile,
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then the HEVC video stream should be partitioned into two or more sub-streams, so that HEVC video descriptors can signal a
single profile for each such sub-stream.

copied_44bits — When the HEVC video descriptor applies to an HEVC video stream or to an HEVC complete temporal
representation, this bit field shall be coded according to the semantics of the syntax elements defined in Rec. ITU-T H.265
| ISO/IEC 23008-2 for the 44 bits found in the profile_ tier_level() syntax element between
general_frame_only_constraint_flag and general_level idc for the corresponding HEVC video stream or HEVC
complete temporal representation, and the entire HEVC video stream or HEVC complete temporal representation to which
the HEVC video descriptor is associated shall conform to the information signalled by these fields.

When the HEVC video descriptor applies to an HEVC temporal video sub-bitstream or HEVC temporal video subset of
which the corresponding HEVC highest temporal sub-layer representation is not an HEVC complete temporal
representatlon this bit field shall be coded accordlng to the semantics of the syntax elements deflned in Rec. ITU-T H.265

OTE 2 — According to Rec. ITU-T H.265 | ISO/IEC 23008-2, IDR picturés/are always associated with a Temporalld value pqual
0. Consequently, if the HEVC video descriptor applies to an HEVC temporal video subset, HEVC still pictures can orly be

HEMC 24 hour_picture_present flag — This 1-bit flag, when set to '1', indicates that the associated HEVC Yideo
streajm or the HEVC highest temporal sub-layer representation may contain HEVC 24-hour pictures. For the definitipn of
an HEVC 24-hour picture, see 2.1.49. When the HEVC_24 hour_picture_present_flag is set to '0', the associated HEVC
vide¢ stream shall not contain any HEVC 24-hour pictures.

Wheh the program element to which this .descriptor applies is part of an HEVC layered video stream| and
HEMC_24 hour_picture_present_flag is set.to’'0", the whole HEVC layered video stream shall not contain any HEVC
24-hpur pictures.

sub_|pic_hrd_params_not_present.flag — This 1-bit field, when set to '0', indicates that the VUI in the HEVC Yideo
strean  shall have the syntax element sub_pic_hrd params present flag set to 'l When | the
sub_pic_hrd_params_not_present flag is equal to '1', the associated HEVC video stream may not coptain
sub_pic_hrd_params_present flag in the VUI or the sub_pic_hrd_params_present_flag may be set to '0".

Whep the program element to which this descriptor applies is part of an HEVC layered video stream| and
sub_pic_hrd_params<not-present_flag is set to '0', the following apply:

The HEWC:timing and HRD descriptor shall be present in the program map table associated with the progiam.

NOTE'3 + If sub_picture_hrd_params_not_present equals '0', HRD parameters can be expected to be present, though the
hrd_management_valid_flag is not mandated to be set to ‘1" in this case.

The HRD parameter structures that are applicable for all program elements with stream_type value of (x24,
0x25, or in the range of 0x28 .. 0x2B. inclusively, shall be present in the HEVC video stream and the vallie of
sub_pic_hrd_params_present_flag in those HRD parameter structures shall be set to '1".

HDR_WCG_idc — The value of this syntax element indicates the presence or absence of high dynamic range (HDR)
and/or wide color gamut (WCG) video components in the associated PID according to Table 2-114. HDR is defined to
be video that has high dynamic range if the video stream EOTF is higher than the Rec. ITU-R BT.1886 reference EOTF.
This field also shall not be set to 2 unless bit_depth_luma_minus8 as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 in
the associated video is greater than or equal to 2. WCG is defined to be video that is coded using colour primaries with a
colour gamut not contained within Rec. ITU-R BT.709-6. This field also shall not be set to 1 or 2 unless
bit_depth_chroma_minus8 as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 in the associated video is greater than or
equal to 2.
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Table 2-114 — Semantics of HDR_WGC _idc

HDR_WCG_idc Description

0 SDR (i.e., SDR video) is based on the Rec. ITU-R BT.709 OETF using

displays as specified in Rec. ITU-R BT.1886 (see Note 1)

BT.709 color primaries with a corresponding reference EOTF for flat panel

1 WCG only, i.e., video color gamut in a Rec ITU-R BT.2020 container that

exceeds Rec. ITU-R BT.709-6 (see Note 2)

Both HDR and WCG are to be indicated in the stream (see Note 3)

No indication made regarding HDR/WCG or SDR characteristics of the
stream

N

N

N

cojour_description_present_flag, as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2, is set to '0', with colour_primaries and
trgnsfer_characteristics not present in the video stream.

Rqc. ITU-T H.265 | ISO/IEC 23008-2 is equal to 9 to indicate Rec. ITU-R BT.2020.

defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 is equal to 16 to indicate BT.2100 PQ EOTF or equal to 18jtolindicate
.2100 HLG EOTF, and when colour_primaries as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 is equal to 9 to indicatd
Rqc. ITU-R BT.2020.

BT

TE 1 — An example where it would be desirable to set HDR_WCG_idc to 0 would be when the

DTE 2 — An example where it would be desirable to set HDR_WCG_idc to 1 would be when colour_primaries as defined i

DTE 3 — An example where it would be desirable to set HDR_WCG_idc to 2 would be when transfer_charagteristics as

temporal_id_min — This 3-bit field indicates the minimum value of the Temporalld, as defined in Rec. ITU-T H.

ISO.

temporal_id_max — This 3-bit field indicates the maximum value of the Temporalld,-as defined in Rec. ITU-T H.

I1ISO

2.6.97 HEVC timing and HRD descriptor
For gn HEVC video stream, an HEVC temporal video sub-bitstream or dan’HEVC temporal video subset, the HEVC ti

EC 23008-2, of all HEVC access units in the associated elementary stream.

EC 23008-2, of all HEVC access units in the associated elementary stream,

D65 |

D65 |

ming

and HRD descriptor (see Table 2-115) provides timing and HRD parameters, as defined in Annex C of Rec. ITU-T H.265
| ISQ/IEC 23008-2, for the associated HEVC video stream or the HEVC highest temporal sub-layer representation thgreof,

respdctively.

Table 2-115 - HEVC.timing and HRD descriptor

HE

}

Syntax No. of bits Mnemonic
/C_timing_and_HRD_descriptor() {
hrd_management_valid_flag 1 bslbf
target_schedule_idx_not_present ‘flag 1 bslbf
target_schedule_idx 5 uimsbf
picture_and_timing_info_present_flag 1 bslbf
if (picture_and_timing_info-present_flag =="1") {
90kHz_flag 1 bslbf
reserved 7 bslbf
if (90kHz flag =="0") {
N 32 uimsbf
K 32 uimsbf
}
num_units_in_tick 32 uimsbf
b

2.6.98  Semantic definition of fields in HEVC timing and HRD descriptor

hrd_management_valid_flag — This 1-bit flag is only defined for use in transport streams. When the HEVC timing and
HRD descriptor is associated with an HEVC video stream or with an HEVC highest temporal sub-layer representation
carried in a transport stream, then the following rules apply.

When the value of hrd_management_valid_flag is equal to '1', Buffering Period SEI and Picture Timing SEI messages,
as defined in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2, shall be present in the associated HEVC video stream or
HEVC highest temporal sub-layer representation. For HEVC layered video streams, each HEVC operation point signalled
in the HEVC operation point descriptor shall have applicable Buffering Period SEI and Picture Timing SEI messages. All
Buffering Period SEI messages shall carry coded nal_initial_cpb_removal_delay and nal_initial_cpb_removal_offset
values and may additionally carry nal_initial_alt removal_delay and nal_initial_alt_cpb_removal_offset values for the
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NAL HRD. If the hrd_management_valid_flag is set to '1', then the transfer of each byte from MB,, to EB,, in the T-STD
as defined in 2.17.2 or the transfer from MB, to EB,, in the T-STD as defined in 2.17.3 or the transfer of each byte from
MB,« to EB, in the T-STD as defined in 2.17.4 shall be according to the delivery schedule for that byte into the CPB in
the NAL HRD, as determined from the coded nal_initial_cpb_removal_delay and nal_initial_cpb_removal_offset or from
the coded nal_initial_alt cpb_removal delay and nal_initial_alt_cpb_removal_offset values for SchedSelldx equal to
target_schedule_idx, as specified in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2. When the
hrd_management_valid_flag is set to '0', the leak method shall be used for the transfer from MB,, to EB, in the T-STD as
defined in 2.17.2 or the transfer from MB; k to EB, in the T-STD as defined in 2.17.3 or the transfer from MB,k to EB; in
the T-STD as defined in 2.17.4.

target_schedule_idx_not_present_flag — This 1-bit flag when set to ‘0" indicates that the following 5 bits represent the
value target schedule idx as specified below. When set to 'l', the following 5 bits are unspecified. When
hrd_management valid flag is equal to 0 then target schedule idx_not present flag shall be set to '1°

target_schedule_idx — When target_schedule_idx_not_present_flag is equal to '0', this 5-bit field indicates theindgx of
the delivery schedule which is assigned for SchedSelldx. When the value of target_schedule_idx_not_present_flag is
equal to '1' and the value of hrd_management_valid_flag is equal to '1', the value of target_schedule_idx js'inferred fo be
equaj to ‘0",

pictdre_and_timing_info_present_flag — This 1-bit flag when set to '1' indicates that the 90kHz_flag and parametefs for
accufate mapping to a 90-kHz system clock are included in this descriptor.

90kHliz_flag — This 1-bit flag when set to 1" indicates that the frequency of the HEVC time base is 90 kHz.

N, K- For an HEVC video stream or HEVC highest temporal sub-layer representation;the frequency of the HEVC|time
baselis defined by the syntax element vui_time_scale in the VUI parameters, as definedin Annex E of Rec. ITU-T H.265
| ISQ/IEC 23008-2. The relationship between the HEVC time_scale and the STC shall be defined by the parametérs N
and K in this descriptor as follows.

time_scale = (N x system_clock_frequency) / K
If thg 90kHz_flag is set to '1', then N equals 1 and K equals 300. If the.90kHz_flag is set to '0', then the values of N ahd K
are provided by the coded values of the N and K fields.
NOTE - This allows mapping of time expressed in units of timescale to 90 kHz units, as needed for the calculation of PT and
OTS timestamps, for example in decoders for HEVC access units-for which no PTS or DTS is encoded in the PES header.

num|_units_in_tick — This 32-bit field is coded exactly”in the same way as the vui_num_units_in_tick field in[\VUI
parameters in Annex E of Rec. ITU-T H.265 | ISO/IEC23008-2. The information provided by this field shall apply to the
entire HEVC video stream or HEVC highest temporal sub-layer representation to which the HEVC timing and HRD
descfiptor is associated.

2.6.99 AF extensions descriptor

The AF extensions descriptor (see Jable 2-116) is used to signal that adaptation field descriptors could be present ip the
adaptation header of the component;-as defined in 2.4.3.5.

NOTE — There may be AF deseriptors in an adaptation field of a TS packet even though this descriptor is not set for the compgnent.

Table 2-116 — Adaptation field extension descriptor

Syntax No. of bits Mnemonic

af_axtensions™descriptor() {

}

2.6.100— HEVC operation point descriptor

The HEVC operation point descriptor (see Table 2-117) provides a method to indicate profile and level for one or more
HEVC operation points. When present, the HEVVC operation point descriptor shall be included in the group of data
elements which immediately follow the program_info_length field in the program_map section.

NOTE — For some applications, the TS may not contain all operation points described in the HEVC operation point descriptor, or

the HEVC operation point descriptor may not describe all operation points available in the TS. However, as far as matching
elementary streams are found in the TS, the information provided in the descriptor should describe the operation points correctly.
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Table 2-117 — HEVC operation point descriptor

2.6.701 Semantic definition of fields in HEVC operation point descriptor

num
prof
in 7
max

}

}

Syntax No. of bits Mnemonic
HEVC_operation_point_descriptor( ) {
reserved 2 bslbf
num_ptl 6 uimsbf
for (i =0;i<num_ptl; i++, i++) {
profile_tier_level_info[i] 96 bslbf
}
operation_points_count 8 uimsbf
for (i =0; i< operation_points_count; i++) {
target_ols[i] 8 uimsbf
ES_count]i] 8 uimsbf
for (j=0;j<ES_count[i]; j++) {
reserved 1 bslbf
prepend_dependencies[i][j] 1 bslbf
ES_reference[i][j] 6 uimsbf
}
reserved 2 bslbf
numEsInOpli] 6 timsbf
for (k =0; k < NUmESInOP[i]; k++) {
necessary_layer_flag[i][K] 1 bslbf
output_layer_flag[i][K] 1 bslbf
ptl_ref_idx[i][k] 6 uimsbf
}
reserved 1 bslbf
avg_bit_rate_info_flag[i] 1 bslbf
max_bit_rate_info_flag[i] 1 bslbf
constant_frame_rate_info_idc[i] 2 uimsbf
applicable_temporal_id[i] 3 uimsbf
if ( constant_frame_rate_info_idc[i}>0’) {
reserved 4 bslbf
frame_rate_indicatorfi] 12 uimsbf
}
if (avg_bit_rate_info_flag[i] =="1") {
avg_bit_rateli] 24 uimsbf
}
if (max_bit_rate) info_flag[i] =="1") {
max_bit_rate[i] 24 uimsbf

NumSubLayersMinusl set equal to 6.

If multiple HEVC operation point descriptors are found for the same program, all profile tier level info[x] elemer

| ptl — This 6-bit.field specifies the number of profile, tier and level structures signalled in this descriptor.

le_tier_level{ info[i] — This 96-bit field shall be coded according to the syntax structure of profile_tier_level de
3.3 of<ReC. ITU-T H.265 | ISO/IEC 23008-2 with the value of profilePresentFlag set equal to '1'

Fined
and

ts of

all HEVC operation point descriptors for this program are aggregated in their order of occurrence into a common array,
which is referenced in this specification as profile_tier_level _array[]. If there is only a single HEVC operation point
descriptor, profile_tier_level_array[] contains the elements profile_tier_level_info[x] in the order as found in that single
descriptor.

operation_points_count — This 8-bit field indicates the number of HEVVC operation points described by the list included
in the following group of data elements.

target_ols[i] — An 8-bit field that specifies the index into the list of output layer sets in the VPS, associated with the i-th
HEVC operation point defined in this descriptor.
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ES_count[i] — This 8-bit field indicates the number of ES_reference values included in the following group of data
elements. The aggregation of elementary streams, according to the ordered list indicated in the following group of data
elements, forms an HEVC operation point. The value Oxff is reserved.

Let OperationPointESList[i] be the list of elementary streams that are part of the i-th HEVC operation point.

prepend_dependencies[i][j] — This flag if set to '1' specifies that the elementary stream indicated by ES_reference[i][j],
when not present yet in OperationPointESList[i], shall be added into OperationPointESL.ist[i] and the elementary stream
indicated by the syntax element hierarchy_embedded_layer_index in the hierarchy descriptor, or all of the elementary
streams indicated by the syntax element hierarchy ext embedded_layer_index in the HEVC hierarchy extension
descriptor, with the hierarchy layer index value specified by the following syntax element ES_reference[i][j], when not
present yet in OperationPointESList[i], shall be added into OperationPointLayerList[i] immediately before the elementary
stream signalled by the ES_reference[i][j] in ascending order of the wvalue of their associated
hiergrchy_embedded_layer_index or hierarchy_ext_embedded_layer_index. When the valug of
prepend_dependencies[i][j] is equal to ‘0", only the elementary stream indicated by ES_reference[i][j], when not prgsent
yet in OperationPointESList[i], shall be added into OperationPointESList[i]. The elementary stream indicated by
ES neference[i][m] shall be placed earlier (i.e., with a lower index) into OperationPointESList[i] than)the‘elemeptary
stre indicated with ES_reference[i][n] when m is less than n. The order of elementary.sstream in the
OpetfationPointESList[i] shall be in ascending order of their hierarchy _layer_index values.

ES_reference[i][j] — This 6-bit field indicates the hierarchy layer index value present in the hieracchy descriptor or HEVC
hiergrchy extension descriptor which identifies an elementary stream. The value ©f, ES reference[i][m]| and
ES_neference[i][n] for m not equal to n shall not be the same.

numEsInOpli] — This 6-bit field indicates the number of elementary streams in OperationPointESList[i] after all thg ESs
that pre part of the i-th HEVC operation point have been included into OperationPointESList[i] (i.e., after pafsing
prepeénd_dependencies[i][ES_count][i] — 1]).

necepsary_layer_flag[i][k] — This flag when set to '1' indicates that the k-th-elementary stream in OperationPointESL{ist[i]
is a recessary layer, as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC23008-2, of the i-th operation point. Thig flag
equal to '0" indicates that the k-th elementary stream in OperationPgeintESList[i] is not a necessary layer, as defingd in
Anngx F of Rec. ITU-T H.265 | ISO/IEC 23008-2, of the i-th operation point.

output_layer_flag[i][k] — This flag when set to '1' indicates.thatthe k-th elementary stream in OperationPointESL{ist[i]
is anf output layer. Otherwise, when set to '0', it indicates that'the k-th elementary stream in OperationPointESList[i] is
not gn output layer. When the value of necessary _layer. flag[i][k] is equal to '0', the value of output_layer_flag[i][k][shall
be ignored.

ptl_ref_idx[i][k] — A 6-bit field that indicates the index x to the profile_tier_level_info[x] element of the
profille_tier_level_array which applies to the k:th elementary stream in OperationPointESList[i]. When the valjie of
necepsary_layer_flag[i][Kk] is equal to '0', thie value of ptl_ref idx[i][k] shall be ignored.

avg_|bit_rate_info_flag[i] — This flag indicates whether the syntax element avg_bit_rate[i] is present in this descrigtor.
max| bit_rate_info_flag[i] — This flag indicates whether the syntax element max_bit_rate[i] is present in this descriptor.

consfant_frame_rate_info_idc[i] — This 2-bit field, in combination with the syntax element frame_rate_indicatpr as
specified below, indicates\how the frame rate for the associated operation point j is determined. The value of 0 inditates
that the frame rate is not-specified for the i-th HEVC operation point and that the syntax element frame_rate_indicator is
not gresent in this descriptor for the i-th HEVC operation point.

appljcable_temparal_id[i] — This 3-bit field indicates the highest value of Temporalld of the VCL NAL units in the re-
assembled HEVC video stream for operation point i.

frame_rate indicator[i] — If constant_frame_rate_info_idc[i] is equal to 1, this 12-bit field indicates a constant number
of tigks; as specified in the HEVC timing and HRD descriptor, for the distance in time between two pictures at th¢ i-th
HEVC operation point. If constant_frame_rate_info_idc[i] equals 2, this 12-bit field indicates the frame rate for the i-th
operation point measured in frames per second. If constant_frame_rate_info_idc[i] equals 3, this 12-bit field indicates the
frame rate for the i-th HEVC operation point measured in frames per 1.001 seconds.

avg_bit_rate[i] — This 24-bit field indicates the average bit rate, in 1000 bits per second, of the HEVC layered video
stream corresponding to the i-th HEVC operation point.

max_bit_rate[i] — This 24-bit field indicates the maximum bit rate, in 1000 bits per second, of the HEVC layered video
stream corresponding to the i-th HEVC operation point.
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2.6.102 HEVC hierarchy extension descriptor

The HEVC hierarchy extension descriptor provides information to identify the program elements containing components
of layered HEVC streams (see Table 2-118). When present, this descriptor shall only be used for elementary streams with
the stream_type value 0x28, 0x29, 0x2A or 0x2B.

Table 2-118 — HEVC hierarchy extension descriptor

Syntax No. of bits | Mnemonic
HEVC_hierarchy_extension_descriptor() {
extension_dimension_bits 16 bslbf
hierarchy layer index I uimshf
temporal_id 3 uimsbf
nuh_layer_id 6 uimsbf
tref_present_flag 1 bslbf
reserved 2 bslbf
num_embedded_layers 6 uimslaf
reserved 2 bslbf
hierarchy_channel 6 uimsbf
for (i=0;i<num_embedded_layers ; i++) {
reserved 2 bslbf
hierarchy_ext_embedded_layer_index[i] 6 uimsbf
}
}

2.6.103 Semantic definition of fields in HEVC hierarchy extension descriptor

Wheh the HEVC hierarchy extension descriptor is present, it.is~used to specify the dependency of the assodiated
elementary stream to other elementary streams in the same program.

extension_dimension_bits — A 16-bit field indicating the:possible enhancement of the associated program element ffrom
the base layer resulting from the program element of the-fayer with nuh_layer_id equal to '0'.

The gllocation of the bits to enhancement dimensions’is given in Table 2-119.

Table 2-119~ Semantics of extension dimension bits

Index to bits Description
0 Multi-view enhancement
1 Spatial scalability, including SNR quality or fidelity enhancement
2 Depth enhancement
3 Temporal enhancement
4 Auxiliary enhancement
5.15 Reserved

The |-th bitequal to '1" indicates that the corresponding enhancement dimension is present. When the elementary stfeam
ins-auxiliary pictures as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, the value of the 4th bit of
tor—dimenston—bis—shal-be goato—t—ethernise+H-sha et-eg o—0—WHReRthe—etementary-stream
contains auxiliary pictures that are depth pictures, as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, the
value of both the 2nd and the 4th bits of extension_dimension_bits shall be set equal to '1'.

hierarchy_layer_index — A 6-bit field that defines a unique index of the associated program elements in a table of coding
layer hierarchies. Indices shall be unique within a single program definition. For video sub-bitstreams of HEVC video
streams conforming to one or more profiles defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, this is the
program element index, which is assigned in a way that the bitstream order will be correct if the associated dependency
layers of the video sub-bitstreams of the same HEVC access unit are re-assembled in increasing order of
hierarchy_layer_index.

temporal_id — A 3-bit field that specifies the highest Temporalld of the NAL units in the elementary stream associated
with this HEVC hierarchy extension descriptor.
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nuh_layer_id — A 6-bit field that specifies the highest nuh_layer_id of the NAL units in the elementary stream associated
with this HEVC hierarchy extension descriptor.

tref_present_flag — A 1-bit flag, which when set to '0' indicates that the TREF field may be present in the PES packet
headers in the associated elementary stream. The value of '1' for this flag is reserved.

num_embedded_layers — A 6-bit field that specifies the number of direct dependent program elements that need to be
accessed and be present in decoding order before decoding of the elementary stream associated with this HEVC hierarchy
extension descriptor.

hierarchy_channel — A 6-bit field that indicates the intended channel number for the associated program element in an
ordered set of transmission channels. The most robust transmission channel is defined by the lowest value of this field
with respect to the overall transmission hierarchy definition.

hiergrchy_ext_embedded_layer_index[i] — A 6-bit field that defines the hierarchy_layer_index of the program|element
that peeds to be accessed and be present in decoding order before decoding of the elementary stream associated witl this
HEMC hierarchy extension descriptor.

2.6.104 Green extension descriptor

The gyntax of the green extension descriptor containing static metadata is shown in Table 2-120.

Table 2-120 — Green extension descriptor

Syntax No. of bits Mnemonic
Green_extension_descriptor() {
num_constant_backlight_voltage_time_intervals 2 uimsbf
reserved 6 bslbf
for (i=0; i < num_constant_backlight_voltage_time_intérvals; i++) {
constant_backlight_voltage_time_interval[i] 16 uimsbf
}
num_max_variations 2 uimsbf
reserved 6 bslbf
for (j=0; j < num_max_variations; j++) {
max_variation[j] 16 uimsbf
}
}

2.6.105 Semantics for green extension descriptor

Semantics for all the syntax-elements above are specified in 6.4 of ISO/IEC 23001-11.
2.6.106 MPEG-H 3D audio descriptor

The MPEG-H 3D.audio descriptor (see Table 2-121) provides information on basic coding information in the assodiated
ISOEC 23008=3"stream. This descriptor shall be present in the associated PMT for MPEG-H 3D audio content|with
strean_typesequal to 0x2D.

© ISO/IEC 2023 - All rights reserved Rec. ITU-T H.222.0 v9 (08/2023) 133


https://standardsiso.com/api/?name=d976a73236130e03c15e87bc0324abc2

ISO/IEC 13818-1:2023

Table 2-121 — MPEG-H 3D audio descriptor

MP

}

Syntax No. of bits Mnemonic
EG-H_3dAudio_descriptor() {

mpegh3daProfileLevellndication 8 uimsbf
interactivityEnabled 1 bsIbf
compatibleProfileSetsPresent 1 bslbf
reserved 8 bslbf
referenceChannelLayout 6 uimsbf
if (compatibleProfileSetsPresent == '0") {

numCompatibleSets 8 uimsbf

for (n =0; n < numCompatibleSets; n++) {

CompatibleSetIndication 8 uimsbf

}
}
for (i=0; i<N; i++) {

reserved 8 bslbf
}

2.6.107 Semantics for MPEG-H 3D audio descriptor

mpe
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2.6.08 MPEG-H 3D audio config descriptor

The
one

Hed as specified for the mpegh3daProfileLevellndication field in 5.3.24n ISO/IEC 23008-3.

enceChannelLayout — Reference channel configuration value as_defined as "ChannelConfiguration™” in ISO
1-8 ("Codec Independent Code Points"™).

h enables user interactivity. If this flag is set to '0', no userinteractivity of any kind is available. This flag m3
to determine the need for initializing the user interactivity interface in the Systems decoder.

CompatibleSets — This field signals the number of compatible profile sets present in the current descriptor
of this field shall be equal to or higher.than'1.

patibleSetIndication — See CompatibleSetindication field in the CompatibleProfileLevelSet() config extensi
EC 23008-3.

MPEG-H 3D audio config descriptor (see Table 2-122) provides information on the complete configuration dg
SO/IEC 23008-3 stream.

Table 2-122 - MPEG-H 3D audio config descriptor

hatibleProfileSetsPresent — A 1-bit flag, which when set to '0' indicates the presence of compatible profile setp

jh3daProfileLevellndication — The audio profile and level of the asseciated 1ISO/IEC 23008-3 audio steam,

EC

activityEnabled — If setto '1', this flag indicates that the 3D audio stream contains elements with associated metgadata

y be

D.

The

DN in

ta of

Syntax No. of bits Mnemonic

MP

FG-H\3dAudio_config_descriptor() {

}

hodaC CIPTAY
THPCYTSta oIy

2.6.109 Semantics for MPEG-H 3D audio config descriptor
mpegh3daConfig() — The mpegh3daConfig() of the associated ISO/IEC 23008-3 audio stream, as specified in 5.2.2.1 in

ISO/

IEC 23008-3.

2.6.110 MPEG-H 3D audio scene descriptor

The MPEG-H 3D audio scene descriptor (see Table 2-123) provides information on user selectable and/or modifiable
audio objects in an ISO/IEC 23008-3 stream.
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Table 2-123 - MPEG-H 3D audio scene descriptor

Syntax No. of bits Mnemonic
MPEG-H_3dAudio_scene_descriptor() {
groupDefinitionPresent 1 bslbf
switchGroupDefinitionPresent 1 bslbf
groupPresetDefinitionPresent 1 bslbf
reserved 5 bslbf
3eAteHoSeenetrfetD 8 bstof
if (groupDefinitionPresent) {
reserved 1 bslbf
numGroups 7 uimsb
for (i=0; i < numGroups; i++) {
reserved 1 bslbf
mae_grouplD 7 uimsb
reserved 3 bslbf
mae_allowOnOff 1 bslbf
mae_defaultOnOff 1 bslbf
mae_allowPositionInteractivity 1 bslbf
mae_allowGainInteractivity 1 bslbf
mae_hasContentLanguage 1 bslbf
reserved 4 bslbf
mae_contentKind 4 uimsb
if (mae_allowPositionlnteractivity ) {
reserved 1 bslbf
mae_interactivityMinAzOffset 7 uimsb
reserved 1 bslbf
mae_interactivityMaxAzOffset 7 uimsb
reserved 3 bslbf
mae_interactivityMinEIOffset 5 uimsb
reserved 3 bslbf
mae- interactivityMaxEIOffset 5 uimsb
mae - interactivityMinDistOffset 4 uimsb
MmMae_interactivityMaxDistOffset 4 uimsb
X
i’ ( mae_allowGainInteractivity ) {
reserved 2 bslbf
mae_interactivityMinGain 6 uimsb
reserved 3 bsIbf
mae_interactivityMaxGain 5 uimsb
¥
if ( mae_hasContentLanguage ) {
mae_contentL.anguage 24 uimsbf
}
}
}
if (switchGroupDefinitionPresent) {
reserved bslbf
numSwitchGroups 5 uimsbf
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Table 2-123 - MPEG-H 3D audio scene descriptor

Syntax No. of bits Mnemonic
for (i=0; i < numSwitchGroups; i++) {
reserved 1 bslbf
mae_switchGrouplD 5 uimsbf
mae_switchGroupAllowOnOff 1 bslbf
mae_switchGroupDefaultOnOff 1 bslbf
reserved 3 bslbf
frae—bsSwiehGroupNumiMermbers 5 HHASH
for (i =0; i< mae_bsSwitchGroupNumMembers + 1; i++) {
reserved 1 bslbf
mae_switchGroupMemberID 7 uimsb
}
reserved bslbf
mae_switchGroupDefaultGrouplD uimsb
}
}
if (presetGroupDefinitionPresent) {
reserved 3 bslbf
mae_numGroupPresets 5 uimsb
for (i =0; i < mae_numGroupPresets; i++) {
reserved 3 bslbf
mae_groupPresetID 5 uimsb
reserved 3 bslbf
mae_groupPresetKind 5 uimsb
reserved 4 bslbf
mae_numGroupPresetConditions 4 uimsb
for (j = 0; j < mae_numGroupPresetConditions+1; j++ ) {
mae_groupPresetGrouplD 7 uimsb
mae_groupPresetConditionOnOff 1 bslbf
if (mae_«groupPresetConditionOnOff ) {
reserved 4 bslbf
mae_groupPresetDisableGainlnteractivity 1 bslbf
mae_groupPresetGainFlag 1 bslbf
mae_groupPresetDisablePositionInteractivity 1 bslbf
mae_groupPresetPositionFlag 1 bslbf
if ( mae_groupPresetGainFlag ) {
mae_groupPresetGain 8 uimsb
}
if( mae_groupPresetPositionFlag ){
mMde_grouprresetAZUTISEL s} TS
reserved 2 bslbf
mae_groupPresetEIOffset 6 uimsbf
reserved 4 bslbf
mae_groupPresetDistFactor 4 uimsbf
}
}
}
}
}
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Syntax

No. of bits

Mnemonic

}

for (i=0; i<N; i++) {
reserved

bslbf

2.6.111 Semantic definition of fields in MPEG-H 3D audio scene descriptor

grou
desc

groy
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num

iptor.

pDefinitionPresent — A one-bit flag signalling the presence of interactivity information of one group in this

pContentDataPresent — A one-bit flag signalling the presence of content information of one group in'this descriptor.
hGroupDefinitionPresent — A one-bit flag signalling the presence of switch group information.in this descrigtor.
btGroupDefinitionPresent — A one-bit flag signalling the presence of preset group information in this descripfor.
IdioScenelnfolD — See 'mae_audioScenelnfolD' in 15.3 of ISO/IEC 23008-3.

Groups — This field signals the number of groups in the audio scene description/This field can take values betyveen

1 and 127, and shall be less or equal to the value of mae_numGroups present in thelassociated 1SO/IEC 23008-3 stream.

mae

mae

mae

mae

mae

mae

mae

mae

mae

mae

mae

mae

mae

mae

mae

mae

| grouplD — See 15.3 of ISO/IEC 23008-3.

| allowOnOff — See 15.3 of ISO/IEC 23008-3.

| defaultOnOff — See 15.3 of ISO/IEC 23008-3.

| allowPositionInteractivity — See 15.3 of ISO/IEC 23008-3,
| allowGainInteractivity — See 15.3 of ISO/IEC 23008-3.

| hasContentLanguage — See 15.3 of ISO/IEC 23008-3.

| contentKind — See 15.3 of ISO/IEC 23008-3:

| interactivityMinAzOffset — See 15.3 of /SO/IEC 23008-3.
| interactivityMaxAzOffset — See 15:3.0f ISO/IEC 23008-3.
| interactivityMinEIOffset — See-15.3 of ISO/IEC 23008-3.
| interactivityMaxEIOffset(— See 15.3 of ISO/IEC 23008-3.
| interactivityMinDistOffset — See 15.3 of ISO/IEC 23008-3.

| interactivityMinGain — See 15.3 of ISO/IEC 23008-3.
| interactivityMaxGain — See 15.3 of ISO/IEC 23008-3.
| contentl_anguage — See 15.3 of ISO/IEC 23008-3.

num

| interactivityMaxDistOffset — See 15.3 of ISO/IEC 23008-3.

SwitchGroups — This field signals the number of switch groups minus one in the overall scene. This field can| take

values between 0 and 31, resulting in a maximum number of 32 switch groups. It shall be less or equal to the value of

mae_numSwitchGroups present in the associated ISO/IEC 23008-3 stream.

mae_switchGrouplD — See ISO/IEC 23008-3.
mae_switchGroupAllowOnOff — See 15.3 of ISO/IEC 23008-3.

mae_switchGroupDefaultOnOff — See 15.3 of ISO/IEC 23008-3; if mae_switchGroupAllowOnOff is '0', then
mae_switchGroupDefaultOnOff shall be set to '0'".

mae_bsSwitchGroupNumMembers — See 15.3 of ISO/IEC 23008-3.

mae_switchGroupMemberID — See 15.3 of ISO/IEC 23008-3.
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mae_switchGroupDefaultGrouplD — See 15.3 of ISO/IEC 23008-3.
mae_numGroupPresets — See 15.3 of ISO/IEC 23008-3.
mae_groupPresetID — See 15.3 of ISO/IEC 23008-3.
mae_groupPresetKind — See 15.3 of ISO/IEC 23008-3.
mae_groupPresetNumConditions — See 15.3 of ISO/IEC 23008-3.
mae_groupPresetGrouplD — See 15.3 of ISO/IEC 23008-3.
mae_groupPresetConditionOnOff — See 15.3 of ISO/IEC 23008-3.
mae_groupPresetDisableGainlInteractivity — See 15.3 of ISO/IEC 23008-3.

mae
mae
mae
mae
mae
mae
mae

Datal
same

2.6.1

The
streal

| groupPresetGainFlag — See 15.3 of ISO/IEC 23008-3.

| groupPresetDisablePositionInteractivity — See 15.3 of ISO/IEC 23008-3.
| groupPresetPositionFlag — See 15.3 of ISO/IEC 23008-3.

| groupPresetGain — See 15.3 of ISO/IEC 23008-3.

| groupPresetAzOffset — See 15.3 of ISO/IEC 23008-3.

| groupPresetEIOffset — See 15.3 of ISO/IEC 23008-3.

| groupPresetDistFactor — See 15.3 of ISO/IEC 23008-3.

fields provided both in this descriptor and as in-band information in the ISQ/IEC 23008-3 stream shall be set 1
value.

12 MPEG-H 3D audio text label descriptor

MPEG-H 3D audio scene descriptor provides text labels for the audio objects and presets in an ISO/IEC 230
M. See Table 2-124.

Table 2-124 - MPEG-H"3D audio text label descriptor

D the

08-3

MP

Syntax No. of bits Mnemonic
EG-H_3dAudio_text_label_descriptor() {
3dAudioScenelnfolD 8 uimsb
reserved 4 bslbf
numDescLanguages 4 uimsb
for (i=0; i< numDescLanguage; i++) {
descriptionltanguage 24 uimsb
reserved 1 bslbf
numGreupDescriptions 7 uimsb
for{'n = 0; n < numGroupDescriptions; n++) {
reserved 1 bslbf
mae_descriptionGrouplD; 7 uimsb
groupDescriptionDataLength 8 uimsb
for (¢ = 0; c < groupDescriptionDataLength; c++ ) {
groupDescriptionData 8 uimsbf
}
}
reserved 3 bslbf
numSwitchGroupDescriptions 5 uimsbf
for (n = 0; n < numSwitchGroupDescriptions; n++ ) {
reserved 3 bsibf
mae_descriptionSwitchGrouplD; 5 uimsbf
switchGroupDescriptionDatalLength 8 uimsbf
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Table 2-124 - MPEG-H 3D audio text label descriptor

Syntax No. of bits Mnemonic
for (¢ = 0; ¢ < switchGroupDescriptionDatalLength; c++) {
switchGroupDescriptionData 8 uimsbf
}
}
reserved 3 bslbf
numGroupPresetsDescriptions 5 uimsbf
———forHA=0<-RumGroupPresetsBeseriptionsA++-{
reserved 3 bsIbf
mae_descriptionGroupPresetlD 5 uimsb
groupPresetDescriptionDataLength 8 uimsb
for (¢ = 0; c < groupPresetDescriptionLength; c++ ) {
groupPresetDescriptionData 8 uimsb
}
}
}
for (i=0; i<N; i++) {
reserved 8 bslbf
}
}
2.6.113 Semantic definition of fields in MPEG-H 3D audio text{abel descriptor

3dA
num

desc
cont
is co

num
mae
grod

groy
cont

num
mae
swit

swit
by a

iIdioScenelnfolD — See 'mae_audioScenelnfolD' in 15.3 ISQ/IEC 23008-3.
DescLanguages — The number of available languages for.description text.

FiptionLanguage — Identifies the language or languages used by the description text of a metadata element gro
ins a 3-character code as specified by 1SO 639-2--Both I1SO 639-2/B and 1SO 639-2/T may be used. Each char
Hed into 8 bits according to ISO/IEC 8859-1 and’'inserted in order into the 24-bit field.

GroupDescriptions — The number of available descriptions for groups.
| descriptionGrouplD — See 15.3 of ISO/IEC 23008-3.
pDescriptionDatal_ength — The\length, specified in bytes, of the following group description.

pDescriptionData — This field contains a description of a metadata element group, i.e., a string describin
nt by a high-level deseription. The format shall follow UTF-8 according to ISO/IEC 10646.

SwitchGroupDescriptions — The number of available descriptions for switch groups.
| descriptionSwitchGroupID — See 15.3 of ISO/IEC 23008-3.
hGroupDescriptionDatal_ength — The length, specified in bytes, of the following switch group description.

hGroupDescriptionData — This field contains a description of a switch group, i.e., a string describing the cg
high-level description. The format shall follow UTF-8 according to ISO/IEC 10646.

p. It
acter

) the

htent

num

GroupPresetsDescriptions — The number of available descriptions for group presets.

mae_descriptionGroupPresetID — See 15.3 of ISO/IEC 23008-3.

grou

pPresetDescriptionDatalength — The length, specified in bytes, of the following group preset description.

groupPresetDescriptionData — This field contains a description of a metadata element group, i.e., a string describing

the ¢

ontent by a high-level description. The format shall follow UTF-8 according to ISO/IEC 10646.

Data fields provided both in this descriptor and as in-band information in the IS/IEC 23008-3 stream shall be set to the
same value.
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2.6.114 MPEG-H 3D audio multi-stream descriptor

The MPEG-H 3D audio multi-stream descriptor (see Table 2-125) provides information on the location of each
mae_grouplD in case of transmission over multiple streams.

In combination with this descriptor, an MPEG-H 3D audio scene descriptor explaining the actual representation of the
overall audio scene is required to be present in the descriptor loop of the main stream.

Table 2-125 - MPEG-H 3D audio multi-stream descriptor

Syntax No. of bits Mnemonic
MPEG-H_3dAudio_multi-stream_descriptor() {
thisIsMainStream 1 pslbt
thisStreamID 7 uimsb
if (thislsMainStream ) {
reserved 1 slbf
numAuxiliaryStreams A uimsb
reserved 1 bslbf
mae_numGroups 7 uimsb

for (i=0; i< mae_numGroups; i++) {

mae_grouplD 7 uimsb
isilnMainStream 1 bslbf
if (thislsMainStream =="'0") {
isInTS 1 bslbf
auxiliaryStreamID 7 uimsb
}
}
}
for (i=0; i<N; i++) {
reserved 8 bslbf

}

2.6.115 Semantic definition of fields\in MPEG-H 3D audio multi-stream descriptor
thislsMainStream — If this flag(s ;¥’, the stream is a main stream, otherwise it is an auxiliary stream.

this§treamID — This integer provides a unique 1D of all available ISO/IEC 23008-3 Audio streams with MHAS trangport
syntdx, both main and auxiliary streams (stream_type 0x2D and 0x2E).

numAuxiliaryStreais - This integer provides information on how many auxiliary stream are available.

mae| numGroups— This field signals the number of groups in the overall audio scene (complete number of groups in
the main streamplus all possible additional streams). This field can take values between 1 and 127. It shall be set tp the
samgq valug as'the corresponding field in the associated ISO/IEC 23008-3 stream.

mae| grouplD — This integer provides information on the mae_grouplD (as described in ISO/IEC 23008-3, sectiop 15)
the loop instance refers fo.

isinMainStream — If this flag is set to '1', the audio data related to the group (as indicated through mae_groupID) is
present in the main stream, otherwise the encoded data is transmitted in an auxiliary stream.

isInTS — If this flag is set to '1', the audio data related to the group (as indicated through mae_grouplD) is present in the
same transport stream. If this flag is set to 0, the data must be retrieved from an external source.

auxiliaryStreamID — In case of transmission of encoded audio data as identified by grouplD in an auxiliary stream, this
integer identifies the used auxiliary stream.

The location of the ‘external source’ may be signalled using the TEMI location descriptor and/or the TEMI
BaseURL_descriptor as defined in clause U.3.
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When the TEMI descriptor(s) are conveyed ina TEMI_AU as a separate elementary stream on a separated PID, an MPEG-
H_3dAudio_extStreamID_descriptor() shall be present in the associated descriptor loop of the TEMI elementary stream
which provides an 1D in the field "auxiliaryStreamID" that is matching the "auxiliaryStreamID" provided in the MPEG-
H_3dAudio_multi-stream_descriptor() of the main stream.

2.6.116 MPEG-H 3D audio DRC and Loudness descriptor

The MPEG-H 3D audio dynamic range control (DRC) and Loudness descriptor (see Table 2-126) provides information
on DRC and Loudness information contained in an ISO/IEC 23008-3 stream.

Table 2-126 — MPEG-H 3D audio DRC and Loudness descriptor()

Syrta Ne—efbits Mnaemenic
MPEG-H_3dAudio_drc_loudness_descriptor () {
reserved 7 bslbf
mpegh3daDrcAndLoudnessinfoPresent 1 bslbf
if (mpegh3daDrcAndLoudnessInfoPresent) {
reserved 2 bslbf
drcinstructionsUniDrcCount 6 uimsb
reserved 2 bslbf
loudnessinfoCount 6 uimsb
reserved 3 bslbf
downmixldCount 5 uimsb
for (i=0; i<drclnstructionsUniDrcCount; i++) {
reserved bslbf
drcinstructionsType 2 uimsb
if (drcinstructionsType == 2) {
reserved 1 bslbf
mae_grouplD 7 uimsb
} else if (drclnstructionsType == 3) {
reserved 3 bslbf
mae_groupPresetlD 5 uimsb
}
reserved 2 bslbf
drcSetld 6 uimsb
reserved 1 bslbf
downmixld 7 uimsb
reserved 3 bslbf
additionalDowamixldCount 3 uimsb
limiterPeak TargetPresent 1 bslbf
drcSetTargefLoudnessPresent 1 bslbf
for (j=0;_j<additionalDownmixldCount; j++) {
reserved 1 bslbf
additionalDownmixId 7 uimsb
¥
drcSetEffect 16 uimsb
if (limiterPeakTargetPresent ) {
bsLimiterPeakTarget 8 uimsb
}
if ( dernfTargnfl oudnessPresant ) {
reserved 1 bslbf
bsDrcSetTargetLoudnessValueUpper 6 uimsbf
drcSetTargetLoudnessValueLowerPresent 1 bslbf
if(drcSetTargetLoudnessValueLowerPresent) {
reserved 2 bslbf
bsDrcSetTargetLoudnessValueLower 6 uimsbf
}
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Table 2-126 — MPEG-H 3D audio DRC and Loudness descriptor()

Syntax No. of bits Mnemonic
}
reserved 1 bslbf
dependsOnDrcSet 6 uimsbf
if (dependsOnDrcSet == 0) {
nolndependentUse 1 bslbf
}else {
reserved 1 bslbf
1
}
for (i=0; i<loudnessinfoCount; i++) {
reserved 6 bslbf
loudnessinfoType 2 uimsb
if (loudnessinfoType == 1 || loudnessIinfoType == 2) {
reserved 1 bslbf
mae_grouplD 7 uimsb
} else if (loudnessinfoType == 3) {
reserved 3 bslbf
mae_groupPresetlD 5 uimsb
}
loudnessinfo_size 8 uimsb
loudnessinfo()
}
for (i=0; i<downmixldCount; i++) {
reserved 1 bslbf
downmixld 7 uimsb
downmixType 2 uimsb
CICPspeakerLayoutldx 6 uimsb
}
}
for (i=0; i<N; i++) {
reserved 8 bslbf
}
}
2.6.117 Semantic definition of fields in MPEG-H 3D audio DRC and Loudness descriptor
mpeph3daDrcAndLoudnessinfoPresent — A one-bit flag signalling the presence of dynamic range control and lougness
information in this descriptor.
drclpstructionsUniDreCount — This field signals the number of DRC sets in the stream. This field can take vplues
between 0 and 63, resulting in a maximum number of 63 DRC sets.
loudhessinfoCount— This field signals the number of loudness info blocks in the stream. This field can take values
between 0 and 63, resulting in a maximum number of 63 loudness info blocks.
dowpmixldCount — This field signals the number of downmixId definitions in the stream. This field can take vflues
between-0"and 31, resulting in a maximum number of 31 downmixId definitions.

drclnstructionsType — See ISO/IEC 23008-3.
mae_grouplD — See ISO/IEC 23008-3.
mae_groupPresetID — See ISO/IEC 23008-3.

drcSetld — See ISO/IEC 23003-4.

downmixId — See ISO/IEC 23003-4 and ISO/IEC 23008-3.
additionalDownmixldCount — See ISO/IEC 23003-4.
limiterPeakTargetPresent — See ISO/IEC 23003-4.
drcSetTargetLoudnessPresent — See ISO/IEC 23003-4.
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additionalDownmixld — See ISO/IEC 23003-4.

drcSetEffect — See ISO/IEC 23003-4.

bsLimiterPeakTarget — See ISO/IEC 23003-4.
bsDrcSetTargetLoudnessValueUpper — See ISO/IEC 23003-4.
drcSetTargetLoudnessValueL owerPresent — See ISO/IEC 23003-4.
bsDrcSetTargetLoudnessValueLower — See ISO/IEC 23003-4.
dependsOnDrcSet — See ISO/IEC 23003-4.

nolndependentUse — See ISO/IEC 23003-4.

loudpessinfoType — See ISO/IEC 23008-3.

loudpessinfo_size — The number of bytes of the immediately following loudnessinfo().
loudpessinfo() — One loudnessinfo() structure as defined in ISO/IEC 23003-4.
dowphmixType — See ISO/IEC 23008-3.

CICPspeakerLayoutldx — See ISO/IEC 23008-3.

Dataffields provided both in this descriptor and as in-band information in the IS/IEC 23008=3 stream shall be set tp the
samq value.

2.6.118 MPEG-H 3D audio command descriptor

The [MPEG-H 3D audio command descriptor (see Table 2-127) encapsulates an MHAS packet of the |type
PACTYP_USERINTERACTION that contains an interaction command-or-type PACTYP_AUDIOSCENEINF( that
contgins the audio scene information. Both types are supported by a MREG-H 3D audio decoder.

By ipserting the MHAS packet contained in this descriptor into the MHAS elementary stream, a receiver can send this
comimand to the MPEG-H 3D audio decoder. As the descriptor-contains a complete MHAS packet including MHAS
headpr, nothing else needs to be added when multiplexing these' bytes, consecutively, on an MHAS packet bounddry in
the NIHAS stream.

Table 2-127 - MPEG-H 3D audio command descriptor

Syntax No. of bits Mnemonic
IMPEG-H_3dAudio_command_descriptor(){
for(i=0;i<N;i++){

data 8 bsIbf

}

datal— Data bytes shathbe’contiguous bytes of data from a complete MHAS packet (including the MHAS header) gf the
type PACTYP_USERINTERACTION.

2.6.119 Quality extension descriptor

The flualityextension descriptor shall be sent once per event or program and hence is signalled using a descriptor ip the
progfram-map table. This descriptor shall appear in the elementary stream loop of the PID for which quality informption
iS provided-

Dynamic quality metadata is stored in access units and is associated with one or more video frames. These access units
are encapsulated in MPEG sections identified by stream_type value of 0x2F.

The quality extension descriptor describes metrics that are present in each Quality Access Unit, and the constant field size
that is used for the values. The quality metrics are defined in 4.3 of ISO/IEC 23001-10.

The syntax of quality extension descriptor containing static metadata is shown in Table 2-128.
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Table 2-128 — Quality extension descriptor

Syntax No. of bits Mnemonic
Quality_extension_descriptor() {
field_size_bytes 8 uimsbf
metric_count 8 uimsbf
for (i=0; i < metric_count; i++) {
metric_code[i] 32 uimsbf
}
}

field-size h\Jlfnc The constant size in h\j/fn of the value faor a moetric ineach QIIQ“f\JI Access Lnit

met
met

Sem

1

ffic_code — The code name of the metrics in the Quality Access Unit.

can glso be found in 4.3 of ISO/IEC 23001-10 and include:

*  PSNR = Peak Signal to Noise Ratio

e SSIM = Structural Similarity Index

e MS-SSIM = Multi-Scale Structural Similarity Index
*  VOM = Video Quality Metric

+ PEVQ = Perceptual Evaluation of Video Quality
*  MOS = Mean Opinion Score

»  FSIG = Frame significance

2.6.2120 Virtual segmentation descriptor

The
is us

segn

ic_count — The number of metrics for quality values in each Quality Access Unit

intics for all the syntax elements above are specified in 4.2 of ISO/IEC 23001-10. The quality metrics to be signglled

virtual segmentation descriptor (see Table 2-129) appears(in-the elementary stream descriptor loop in the PMT and
bd to indicate that the current elementary stream is virtually segmented using boundary descriptors (see U.3.11).| This
entation may come in a set of partitions — e.g., one partition demarcates the stream into 10-s virtual segments, \vhile

another creates 2-s virtual segments. If the boundary descriptor carried in transport stream packets appears in the elemental

streal

I declared by the PMT stream description catrying the virtual segmentation descriptor, it is an explicit indicatipn of
ent boundary point, otherwise a reference RID shall be defined in the virtual segmentation descriptor; that refefence
ndicates that segment boundary points.are-indicated in another elemental stream, for which the boundary desciiptor
be present in the PMT. The virtual segmentation for elementary streams for which no virtual segmentation desciiptor

segn

PID

shall

is present in the PMT is undefined.
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Table 2-129 — Virtual segmentation descriptor

Syntax No. of bits Mnemonic

Virtual_segmentation_descriptor(){
if (descriptor_length > 1) {

num_partitions 3 uimsbf
timescale_flag 1 bsibf
reserved 4 bsibf
if (timescale_flag==1) {
ticks_per_second 21 uismbf
maximum_duration_length_minus_1 (MDL) 2 uismbf
reserved 1 bsibf
}

for (i =0; i< num_partitions; i++) {

explicit_boundary_flag 1 bslbf
partition_id 3 uimsbf
reserved 4 bslbf
SAP_type_max 3 yismbf
if (explicit_boundary flag==0) {
reserved 5 bsibf
boundary_PID 13 uimsbf
reserved 3 bsibf
}
else {
maximum_duration MDL*8 +5 uimsbf
}

}

2.6.121 Semantic definition of fields in virtual segmentation descriptor

timepcale_flag: If set to '1', timescale information is present. If set to '0', ticks_per_second is inferred to be 1, and MDL
is inferred to be 0 (i.e., maximum_duration_length_minus_1=—1). The value of '0' allows maximum segment duratipn of
up td 31 seconds, expressed in integer seconds.

tickg per_second: Precision, in ticks per second;of the maximum_duration field, e.g., 0.1 second precision is 10 tigks/s,
0.01second precision with 100 ticks/s, etc;

maxjmum_duration_length_minus_1%. Length, in bytes (minus one), of the maximum_duration field variable|byte
length. This provides additional bytes\in addition to the 5 bits pre-allocated to the maximum_duration field.

num|_partitions: Number of partitions described in the virtual segmentation descriptor.

expl{cit_boundary_flag: lfset'to '0', this elementary stream is a dependent stream, and boundary data for it is proyided
on a|reference partitionCefa different PID, specified by boundary PID; otherwise, the current PID carries bourjdary
descfiptors.

partjtion_id: 1D.of the partition described in the boundary descriptor.
boundary_P1D: PID carrying boundary_descriptor() that is used by this partition of this elementary stream.

SAP| typé: max: Maximum possible value of SAP in this partition. If SAP_type_max value is 0, any SAP value|may
appeas inthe stream

maximum_duration: Maximum virtual segment duration for a segment on partition partition_id, expressed in units of
ticks_per_second. For consecutive virtual segments S(i) and S(i+1) on the above partition, if PTS(i) stands for the earliest
PTS in segment S(i), and PTS(i+1) stands for the earliest PTS in segment S(i+1) this duration equals
(PTS(i+1) — PTS(i))*ticks_per_second/90000. If set to 0, virtual segment duration is unlimited.

2.6.122 HEVC tile substream descriptor

For each ES containing an HEVC tile substream (i.e., a tile or fixed set of subsequent tiles), an HEVC tile substream
descriptor (see Table 2-130) assigns a SubstreamID to that HEVC tile substream. It optionally contains additional
SubstreamIDs needed to form a subregion or an index to a pattern that indicates these additional SubstreamIDs by an
array of offsets found in the HEVC subregion descriptor. Type and length of the descriptor are provided by header bytes
that are not shown in the following syntax table.

© ISO/IEC 2023 - All rights reserved Rec. ITU-T H.222.0 v9 (08/2023) 145


https://standardsiso.com/api/?name=d976a73236130e03c15e87bc0324abc2

ISO/IEC 13818-1:2023

Table 2-130 —- HEVC tile substream descriptor

Syntax No. of bits Mnemonic
HEVC _tile_substream_descriptor() {
ReferenceFlag 1 bslbf
SubstreamID 7 uimsbf

if (descriptor_length>1){
if (ReferenceFlag =="1") {

The

2.6.1
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PreambleFlag 1 bslbf
PatternReference 7 uimsbf
}
else {
for (i=0; i<N1; i++) {
Flag[i] 1 bslbf
AdditionalSubstreamID[i] 7 uimsbf
}
}

Note: The value N1 is implied by the descriptor size. It equals the value of descriptor (length minus 1.

HEVC tile substream descriptor can be used in three different ways, each signalling'the SubstreamID:

) If its size is only one byte (preceding header bytes excluded), Referenceklag)is reserved. It implicitly signg
value of 0 for the PatternReference (referring to SubstreamOffset[K][O][i] ih the HEVC subregion descript
specified below)

b) If ReferenceFlag is set to '1', it specifies the index of the pattern.to be used to calculate additional
SubstreamIDs (other than index 0)

L) If ReferenceFlag is set to ‘0", it specifies the additional SubstreamIDs directly

23 Semantic definition of the fields in the HEVC tile substream descriptor

renceFlag — When this bit is set to '1', this descriptap jindicates the index j > 0 of the pattern signalled by the H
gion descriptor to be used to calculate additional SubstreamIDs. If the value of the field descriptor_length speci
ze of this descriptor excluding preceding headerbytes is 1, the value of ReferenceFlag is reserved.

treamID — This 7-bit field assigns a number in the range of 1 to TotalSubstreamIDs (as found) to the HEV(
ream, which is unique among all ESs ywith stream type equal to 0x31 or 0x24 (the latter in case that mu
reams are carried in a single ES),that belong to the same program. This value is used to identify each HEV(

mbleFlag — When this bit(isset to '1' and each HEVC tile substream is carried in its own ES (signalled b
treamMarkingFlag in the HEVC subregion descriptor set to '1'), an access unit carried in the ES signalled b

of PreambleSubstreamiD in the HEVC subregion descriptor is prepended before an access unit carried in th
ecified in 2.17.5.2, 4mcase SubstreamMarkingFlag in the HEVC subregion descriptor set to '0', the semantics o
s reserved.

brnReference’= This 7-bit field assigns a number in the range of 1 to PatternCount (as found in the HEVC subrg
iptor) to the’HEVC tile substream. This number is used as an index j to the array SubstreamOffset[K][j][i] whe|
embly;process is executed.

[i}> When Flag[0] is set to '1' and each HEVC tile substream is carried in its own ES (signalled by

ream. The value 0 is used for substreams that contain information applicable to multiple HEVC tile substreams.

Is a
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SubstreamMarkingFlag in the HEVC subregion descriptor set to 1), an additional ES signalled by the value of
PreambleSubstreamID in the HEVC subregion descriptor is prepended before this ES. In other cases, the semantics of
Flag[0] is reserved. Flag[i] for values of i > 0 is reserved.

NOTE - If ReferenceFlag is set to '0', Flag[0] has the same semantics as PreambleFlag for the case that ReferenceFlag is set to '1".

AdditionalSubstreamID — This array of 7 bit fields indicates additional SubstreamIDs that belong to the subregion when
the reassembly process according to 2.17.5.2 or 2.17.5.3 is executed.

146

Rec. ITU-T H.222.0 v9 (08/2023) © ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=d976a73236130e03c15e87bc0324abc2

ISO/IEC 13818-1:2023

2.6.124 HEVC tile substream af_descriptor

When multiple HEVC tile substreams are carried in the same ES, HEVC tile substream selection shall be based on
signalization using HEVC tile substream af_descriptors. The syntax of this descriptor is specified in Table U.15.

2.6.125 HEVC subregion descriptor

One HEVC subregion descriptor is associated to the whole program. The HEVC subregion descriptor signals patterns of
SubstreamIDs that belong to a subregion. Its syntax is given in Table 2-131, the semantics are specified in 2.6.126. It can
signal different layouts, which e.g. consist of different numbers of HEVC tile substreams, and indicate the level value of
the profile as specified in ISO/IEC 23008-2 that applies for each pattern. It also indicates how HEVC tile substreams are
identified.

NOTE — As the subregion comprises less pixels than the whole panorama, the level value for the subregion is less than or equal to

tr?mmmmn?Mnorama.
If myltiple HEVC tile substreams, e.g. the whole panorama, are contained in a single ES, the motion-constraiped til¢ sets

extrgction information set SEI message shall be present at all random access points.

Table 2-131 — HEVC subregion descriptor

Syntax No.of bits Mnemoni
HEVC_subregion_descriptor() {
SubstreamMarkingFlag 1 bslbf
SubstreamIDsPerLine 7 uimsbf
TotalSubstreamIDs 8 uimsbf
LevelFullPanorama 8 uimsbf

for (i=0; i<N1; i++) {
if ( SubstreamMarkingFlag ==1) {

reserved 1 bslbf
PreambleSubstreamID[i] 7 uimsbf
}
SubstreamCountMinus1[i] 8 uimsbf
Levelli] 8 uimsbf
PictureSizeHor[i] 16 uimsbf
PictureSizeVert[i] 16 uimsbf
reserved 1 bslbf
PatternCount[i] 7 uimsbf
for (j=0; j<PatternCount[i]; j++Y{
for ( k=0; k<SubstreamCountMinus1[i]; k++) {
SubstréamOffset[K][j][i] 8 tcimsbf
}
}
}
}
NOTE: The value N4 is‘implied by the descriptor size. It equals the number of different subregion layouts, indexed by i, that]

Q

n be selected from-the whole panorama.

2.6.126 Semantic definition of the fields in the HEVC subregion descriptor

SubgtreamMarkingFlag — This 1 bit flag, when set to '1" indicates that each HEVC tile substream is carried in a separate
ES. When set to ‘0, multiple HEVC tile substreams are carried in a common ES and HEVC tile substreams are identified
by HEVC tile substream af_descriptors.

SubstreamIDsPerLine — This 7-bit value indicates the number of HEVC tile substreams that are coded representations
of tiles that are arranged horizontally and span the width of the whole panorama.

TotalSubstreamIDs — This 8-bit value indicates the total number of HEVC tile substreams that represent tiles for the
whole panorama. It does not include any additional HEVC tile substreams that provide slice headers and parameter sets.

LevelFullPanorama — This 8-bit value indicates the level value of the profile as specified in ISO/IEC 23008-2 that
applies for the whole panorama.
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PreambleSubstreamID[i] — The value of this 7-bit field indicates the SubstreamID of the ES to be prepended to the ES
to which this descriptor applies when the reassembly process is executed. The value can be either 0 or in the range of
TotalSubstreamIDs +1 to 127. This field is only available when each HEVC tile substream is carried in its own ES.

SubstreamCountMinus1[i] — The value of this 8-bit field in the range of 0 to (TotalSubstreamIDs — 1) indicates

e in case that SubstreamMarkingFlag is set to '1': the number of HEVC tile substreams to be appended to the ES
to which this descriptor applies when the reassembly process according to 2.17.5.2 is executed,;

e in case that SubstreamMarkingFlag is set to '0': the number of HEVC tile substreams to be added to the list of
SubstreamIDs that belong to the subregion when the reassembly process according to 2.17.5.3 is executed;

Level[i] — This 8-bit field indicates the value of the profile as specified in ISO/IEC 23008-2 that applies that applies to
the subregion layout indexed by i.

Pictj:reSizeHor[i] — This 16-bit field indicates the horizontal subregion dimension, measured in pixels.

PictlireSizeVert[i] — This 16-bit field indicates the vertical subregion dimension, measured in pixels.

PatternCount[i] — This 7-bit field indicates the number of different subregion layouts.

SubgtreamOffset[k][j][i] — This array of 8 bit fields indicates the offset that has to be added

b in case that SubstreamMarkingFlag is set to '1"; to the SubstreamID of the ES to which this descriptor applies.
The resulting value indicates the SubstreamID of the ES to be appended when the reassembly procdss is
executed;

pin case that SubstreamMarkingFlag is set to '0": to the SubstreamIDx that. felates to the upper left HEV tile
substream of the region to be displayed. The resulting value indicates thexSubstreamID to be added to the ljst of
SubstreamIDs that belong to the subregion.

NOTE — Examples are shown in Annex V.

2.6.127 JPEG XS video descriptor

For JPEG XS video elementary streams conforming to ISO/IEC.21122-1 and to one or more profiles defingd in
ISONEC 21122-2, the JPEG XS video descriptor (see Table 24232) provides information that may be present inJeach
JPEG XS access unit as well as for the JPEG XS video sequenge. In addition, it provides information to signal JPEG XS
still pictures. This descriptor shall be included for each JREG XS video elementary stream component in the PMT]|with
stream_type equal to 0x32.
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Table 2-132 — JPEG XS video descriptor

Syntax No. of bits Mnemonic
JXS _video_descriptor() {

descriptor_version 8 uimsbf
horizontal_size 16 uimsbf
vertical_size 16 uimsbf
brat 32 uimsbf
frat 32 bslbf
schar 16 bslbf
Ll |JII 1 41U NorTJT
Plev 16 bslbf
max_buffer_size 32 uimspf
buffer_model_type 8 uimsbf
colour_primaries 8 uimsbf
transfer_characteristics 8 uimsbf
matrix_coefficients 8 uimsbf
video_full_range_flag 1 bslbf
reserved 7 bslbf
still_mode 1 bslbf
mdm_flag 1 bslbf
zero_bits 6 bslbf
if (mdm_flag =="1") {

X ¢0,Y _c0,X cl,Y cl, X c2,Y _c2 16x6 uimsbf

X_wp 16 uimsbf

Y_wp 16 uimsbf

L_max 32 uimsbf

L_min 32 uimsbf

MaxCLL 16 uimsbf

MaxFALL 16 uimsbf
}
for (i=0; i<N; i++) {

private_data_byte 8 bslbf
}

}
2.6.128 Semantics of fields in JPEG XS video descriptor

desc
are a

hori
as de

vert
defin

brat
can |k

Fiptor_version — This 8-bit figld\specifies the version of the JPEG XS video descriptor in case additional capabi
fdded in the future. Value ofithis field shall be '0000 0000 and all other values are reserved for future use.

rontal_size — This field-shall be coded the same as Ws parameter found in the JPEG XS codestream picture he
fined in ISO/IEC 24122-1.

cal_size — This field shall be coded the same as H; parameter found in the JPEG XS codestream picture head
ed in ISO/IEG-21122-1.

— This parameter specifies the maximum bitrate of the elementary stream in Mbit per second. A detailed defirn
e found'in ISO/IEC 21122-3.

frat

lities

nder,

I, as

ition

- This parameter specifies the frame rate of the elementary stream and also contains a flag indicating if the stre

M is

interlaced or progressive. A detailed definition can be found in ISO/IEC 21122-3.

schar — This parameter specifies the image sample characteristics and the sampling structure. A detailed definition can
be found in ISO/IEC 21122-3.

Ppih — This field specifies the Profile of the elementary stream. It shall be coded the same as the Ppih parameter defined
in ISO/IEC 21122-1 using the values defined in ISO/IEC 21122-2.

Plev — This field specifies the level and sublevel of the elementary stream. It shall be coded the same as the Plev parameter
defined in ISO/IEC 21122-1 using the values defined in ISO/IEC 21122-2.

max_buffer_size — This 32-bit field specifies the size of the elementary stream buffer (EB in Figure W.2) required to
ensure decoding without overflow nor underflow. This value, expressed in Mbytes, shall not exceed (max_rate/160),
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where max_rate corresponds to the maximum encoded rate allowed by the combination of the selected level and sublevel,
as defined in ISO/IEC 21122-2, expressed in Mbits/s. When level or sublevel is unrestricted, max_buffer_size shall not
exceed (brat/160).

buffer_model_type — This 8-bit field specifies the smoothing buffer model type to which the carried video stream is
conforming to. Currently, only value 2 is allowed, other values are reserved for future ISO/IEC use.

NOTE — Streams generated with buffer model type 1 are also compliant with type 2 and can therefore be signalled with this
field set to '2".

colour_primaries, transfer_characteristics, matrix_coefficients, video_full_range flag — These four fields (three
1-byte integers and one 1-bit flag) shall be coded according to the semantics with the same name defined in ISO/IEC
23091-2.

still_prede—This-bitfield-when-setio—tndicatesthat-theIP tee-strearm-fay-HetdeIPES HHpietures,

as dgscribed in W.2. When set to '0', then the associated JPEG XS video stream shall not contain JPEG XS stillpictres.

mdnp_flag — When set to '1', this 1-bit field indicates that the JPEG XS video descriptor contains the characteristics of
the Nlastering Display Metadata, as described in ISO/IEC 21122-3 (see below corresponding fields). When set to '0'|then
the JPEG-XS video descriptor shall not contain the characteristics of the Mastering Display Metadata

zero| bits — These 6 bits shall be all set to ‘0’ and are reserved for future use.

The following fields X_c0, Y_c0, X_c1, Y_c1, X_c2, Y_c2, X_wp, Y_wp, L_max and L_min correspond to the flields
defirfed in SMPTE ST2086:2014 "Mastering Display Color Volume Metadata Supporting High Luminance and Wide
Color Gamut Images". The fields MaxFALL and MaxCLL correspond to the fields defined in ANSI/CTA 861-G:R016
"A DTV Profile for Uncompressed High Speed Digital Interfaces”. If these 12 fields have unknown values at the time of
genefating the stream, they shall not be included in the descriptor and the mdm_flag-shall be set to '0'.

X_c0, Y _c0, X _cl,Y _cl, X _c2,Y_c2- These 16-bit fields are included only ifthe mdm_flag is set to '1'. They spgcify
the normalized x and y chromaticity coordinates of the colour primary coniponents of the mastering display in increments
of 000002, according to the CIE 1931 definition of x and y as specified in 1SO 11664-1 (see also 1ISO 11664-3 and
CIE [L5). For describing mastering displays that use red, green, and blue colour primaries, it is suggested that index yalue
c0 stjould correspond to the green primary, c1 should correspond to'the blue primary, and c2 should correspond to the red
colodir primary. The values of these 6 fields shall be in the rangef 0 to 50 000, inclusive.

X_wp and Y_wp — These 16-bit fields are included only ifithe mdm_flag is set to '1'. They specify the normalized X and
y chijomaticity coordinates of the white point of the mastgring display in normalized increments of 0.00002, accordipg to
the GIE 1931 definition of x and y as specified in 1SO 11664-1 (see also 1ISO 11664-3 and CIE 15). The values of X_wp
and Y_wp shall be in the range of 0 to 50 000.

L_max and L_min — These 32-bit fields.are-included only if the mdm_flag is set to '1'. They specify the norpinal
maximum and minimum display luminanee; respectively, of the mastering display. The minimum luminance of the
mastering display is computed by L_minx0.0001 cd/m?, the maximum luminance by L_maxx0.0001 cd/m2. L_min|shall
be legs than L_max. At minimum lumjinance, the mastering display is considered to have the same nominal chromaticity
as the white point.

MaxCLL — This 16-bit field is.included only if the mdm_flag is set to '1". It specifies the Maximum Content Light llevel
and gorresponds to the brightest pixel in the entire stream, in units of 1 cd/m2, where 0x0001 represents 1 cd/m3 and
OxFRFF represents 65535'cd/m2. It shall be calculated according to Annex P Calculation of MaxCLL and MaxHALL
sectipn P.1 in ANSI/CTA 861-G:2016 A DTV Profile for Uncompressed High Speed Digital Interfaces.

MaxFALL — This 16-bit field is included only if the mdm_flag is set to '1'. It specifies the Maximum Frame Avgrage
Light Level and corresponds to the highest frame average brightness per frame in the entire stream, in units of 1 cg/m2,
where 0X0001 represents 1 cd/m2 and OxFFFF represents 65535 cd/m2. It shall be calculated according to Anrlex P
Calcplation of MaxCLL and MaxFALL section P.2 in ANSI/CTA 861-G:2016 "A DTV Profile for Uncompressed High
Speed-Digitatimterfaces™

If for some reason the MaxCLL and/or MaxFALL values are unknown, the value 0x0000 shall be used.

2.6.129 VVC video descriptor

For a VVC video stream, the VVC video descriptor (see Table 2-133) provides basic information for identifying coding
parameters, such as profile and level parameters, of that VVVC video stream. For a VVC temporal video sub-bitstream or
a VVC temporal video subset, the VVVC video descriptor provides information such as the associated VVVC highest
temporal sublayer representation contained in the elementary stream to which it applies.
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Syntax No. of bits Mnemonic
VVC_video_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
profile_idc 7 uimsbf
tier_flag 1 bslbf
num_sub_profiles 8 uimsbf
for ((i=0; i<num_sub_profiles; i++) {
sub_profile_idc[ i ] 32 uimsbf
}
progressive_source_flag 1 bslbf
interlaced_source_flag 1 bslbf
non_packed_constraint_flag 1 bslbf
frame_only_constraint_flag 1 bslbf
reserved_zero_4bits 4 bslbf
level_idc 8 uimsbf
temporal_layer_subset_flag 1 bslbf
VVC_still_present_flag 1 bslbf
VVC_24hr_picture_present_flag 1 bslbf
reserved 5 bslbf
HDR_WCG_idc 2 uimsbf
reserved 2 bslbf
video_properties_tag 4 uimsbf
if (temporal_layer_subset_flag =="1") {
reserved 5 bslbf
temporal_id_min 3 uimsbf
reserved 5 bslbf
temporal_id_max 3 uimsbf
}
}
2.6.130 Semantic definition of fields in VV\/C,video descriptor
profjle_idc, tier_flag, num_sub_profiles,'sub_profile_idc[ i ] — These fields shall be coded according to the semgntics
defirfed in Rec. ITU-T H.266 | ISOREC 23090-3 for general_profile_idc, general_tier flag, ptl_num_sub_profiles,
genefal_sub_profile_idc[i], respectively, for the corresponding VVC video stream or VVC complete temporal
reprgsentation. When the corresponding VVC video stream or VVC complete temporal representation contains a PCl,
the vialues of these fields shall'be‘coded exactly the same as the corresponding fields in the DCI.
progressive_source_flag,\interlaced_source_flag, non_packed_constraint_flag — These fields shall be goded
accofding to the semantics defined in Rec. ITU-T H.274 | ISO/IEC 23002-7 for vui_progressive source [flag,
vui_|nterlaced_soufee-Tflag, vui_non_packed_constraint_flag, respectively, for the corresponding VVC video stream or
VV({ complete temporal representation.
OTE 1 <-Potentially, the corresponding VVC video stream or VVC complete temporal representation contains an SPS with a
vpi_payload() syntax structure that indicates the values of these fields. The semantics defined in Rec. ITU-T H.274 | ISQ/IEC
Cified
d).

frame_only_constraint_flag — This field shall be coded according to the semantics defined in Rec. ITU-T H.266 |
ISO/IEC 23090-3 for ptl_frame_only_constraint_flag for the corresponding VVC video stream or VVC complete
temporal representation. When the corresponding VVC video stream or VVVC complete temporal representation contains

a DCI, the values of this field shall be coded the same as the corresponding field in the DCI.

reserved_zero_4bits — This field shall be set to '0000'.

level_idc—When the VVC video descriptor applies to a VVC video stream or to a VVC complete temporal representation,
this field shall be coded according to the semantics defined in Rec. ITU-T H.266 | ISO/IEC 23090-3 for general_level_idc,
for the corresponding VVC video stream or VVVC complete temporal representation. When the VVC video descriptor
applies to a VVC temporal video sub-bitstream or VVC temporal video subset of which the corresponding VVC highest
temporal sublayer representation is not a VVVC complete temporal representation, this field shall be coded according to
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semantics defined in Rec. ITU-T H.266 | ISO/IEC 23090-3 for sublayer_level_idc, for the corresponding VVC highest

temporal sublayer representation. When the corresponding VVC video stream or VVVC complete temporal represent
contains a DCI, the values of this field shall be coded exactly the same as the corresponding fields in the DCI.

ation

When the VVC video descriptor applies to a VVC video stream or to a VVC complete temporal representation, the entire

VVC video stream or VVC complete temporal representation to which the VVVC video descriptor is associated

shall

conform to the information signaled by these fields. When the VVC video descriptor applies to a VVC temporal video

sub-bitstream or VVVC temporal video subset of which the corresponding VVC highest temporal sublayer represent

ation

is not a VVC complete temporal representation, the entire VVVC highest temporal sublayer representation to which the

VVC video descriptor is associated shall conform to the information signalled by these fields.

NOTE 2 — In one or more sequences in the VVC video stream the level may be lower than the level signalled in the VVC video
descrlptor wh|Ie aIso a profile may occur that is a subset of the proflle S|gnalled in the VVC V|deo descrlptor However in the

VC video descrlptor if present. When the VVC video stream contalns a DCI NAL unlt the proflle-tler level |nd|cat|0n S
the profile and level information to which all sequences in the VVC video stream conforms. When not, if the sequence paral
s¢ts in a VVC video stream signal different profiles, and no additional constraints are signalled, then the stream may
ekamination to determine which profile, if any, the entire stream conforms to.

temporal_layer_subset_flag — This 1-bit flag, when set to '1', indicates that the syntax elements describing a subs
temporal layers are included in this descriptor. This field shall be set to 1 for VVC temporal videodsubsets and for

temporal video sub-bitstreams. When set to ‘0°, the syntax elements temporal id min and temporal id max ar¢

inclyded in this descriptor.

VV({ still_present flag — This 1-bit field, when set to '1', indicates that the VVC videe stream or the VVC hi
temporal sublayer representation may include VVC still pictures. When set to '0', theh the associated VVC video st
shall{not contain VVC still pictures.

OTE 3 — According to Rec. ITU-T H.266 | ISO/IEC 23090-3, IDR pictures are always associated to a Temporalld value eq

0] Consequently, if the VVC video descriptor applies to a VVC temporal video{subset, VVC still pictures can only be pres
the associated VVC temporal video sub-bitstream.

VV(Q_24_hour_picture_present_flag — This 1-bit flag, when set to-'d!, indicates that the associated VVC video st
or the VVC highest temporal sublayer representation may contaifct\MVC 24-hour pictures. For the definition of a

24-hpur picture, see 2.1.153. If this flag is set to '0', the associatedVVC video stream shall not contain any VVC 24
picture.

HDR_WCG_idc — This 2-bit field indicates the presencg;or absence of high dynamic range (HDR) and/or wide c
gamyit (WCG) video components in the associated PIB:according to Table 2-134. This field shall not be set to 2 u
sps_bit_depth_minus8 as defined in Rec. ITU-T Hx266 | ISO/IEC 23090-3 in the associated video is greater than or
to 2.

Table 2-134 — Semantics of HDR_WGC idc

n the
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HDR_WCG _idc Description

0 SDR (i.e., SDR video) is based on the Rec. ITU-R BT.709 OETF using BT.709 color primaries
with a corresponding reference EOTF for flat panel displays as specified in BT.1886 (see Note ]

1 WCG only, i.e., video color gamut in a Rec. ITU-R BT.2020 container that exceeds Rec. ITU-R
BT.709-6 (see Note 2)

2 Both HDR and WCG are to be indicated in the stream (see Note 3)

3 No indication is made regarding HDR/WCG or SDR characteristics of the stream

NOTE 1<,An example where it would be desirable to set HDR_WCG_idc to 0 would be when the
colour“description_present_flag, as defined in Rec. ITU-T H.274 | ISO/IEC 23002-7, is set to ‘0", with colour_primaries and

trgnsfer_characteristics not present in the video stream.

NOTE Z—=An example where It would be desirable o set HDR_WCG_idc to 1 would be when colour_primaries as defined |
Rec. ITU-T H.274 | ISO/IEC 23002-7 (which refers to the ColourPrimaries parameter in Rec. ITU-T H.273 | ISO/IEC 23091-
is equal to 9 to indicate Rec. ITU-R BT.2020.

NOTE 3 — An example where it would be desirable to set HDR_WCG _idc to 2 would be when transfer_characteristics as
defined in Rec. ITU-T H.274 | ISO/IEC 23002-7 (which refers to the TransferCharacteristics parameter in Rec. ITU-T H.273
ISO/IEC 23091-2) is equal to 16 to indicate BT.2100 PQ EOTF or equal to 18 to indicate BT.2100 HLG EOTF, and when
colour_primaries as defined in Rec. ITU-T H.274 | ISO/IEC 23002-7 is equal to 9 to indicate Rec. ITU-R BT.2020.

2)
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video_properties_tag — This 4-bit field is used to indicate specific video property CICP combinations for SDR, WCG,
or HDR/WCG streams depending on the value of HDR_WCG_idc. The CICP values are defined in Rec. ITU-T H.273 |
ISO/IEC 23091-2. When HDR_WCG_idc is equal to 0, Table 2-135 applies. When HDR_WCG _idc is equal to 1,
Table 2-136 applies. When HDR_WCG _idc is equal to 2, Table 2-137 applies. When HDR_WCG _idc is equal to 3,

Table 2-138 applies.

NOTE 4 — The video_properties_tag descriptor can indicate widely used combinations that are documented by. ITU-T H.Sup 19 |
ISO/IEC TR 23091-4. The system identifiers found in that Supplement | Technical Report are mentioned in Tables 2-135 to 2-138

for convenience.

Table 2-135 — SDR widely used video property combinations

video properties tag

CICP Values — System lIdentifier

[ColourPrimaries, TransferCharacteristics,
MatrixCoefficients, VideoFullRangeFlag]

Video property CICP combination not specified or unknown

[1,1,1,0]- BT709_YCC

[1,1,0,0]- BT709_RGB

[6,6,6,0]- BT601_525

[5,6,5,0]- BT601_625

g |~ |lwWw ||| O

[1,1,0,1]- FR709_RGB

@
=
3]

Reserved

Table 2-136 — WCG widely used video propéerty combinations

video_properties_tag

CICP Valuesi<System ldentifier

[ColourPrimaries; TransferCharacteristics,
MatrixCoefficients, VideoFullRangeFlag]

Video property~€ICP combination not specified or unknown

[9,14,9,0]- BT2020_YCC_NCL

[9,14,0,0]- BT2020_RGB

[9,14,0,1]- FR2020_RGB

AW [(IDN|FL ]| O

[12,1,6,1]- FRP3D65_YCC

AR
=
ul

Reserved

Table 2-137 — HDR/WCG widely used video property combinations

video_properties_tag

CICP Values - System Identifier

[ColourPrimaries, TransferCharacteristics,
MatrixCoefficients, VideoFullRangeFlag]

Video property CICP combination not specified or unknown

[9.16.90]- BT2100 PQ YCC

[9,18,9,0]- BT2100_HLG_YCC

[9,16,14,0]- BT2100_PQ_ICTCP

[9,16,0,0]- BT2100_PQ_RGB

g bW N

[9,18,0,0]- BT2100_HLG_RGB

Reserved
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Table 2-138 — No Indication

CICP Values — System ldentifier

video_properties_tag [ColourPrimaries, TransferCharacteristics,
MatrixCoefficients, VideoFullRangeFlag]

0 Video property CICP combination not specified or unknown

1-15 Reserved or private

temporal_id_min — This 3-bit field indicates the minimum value of the Temporalld, as defined in Rec. ITU-T H.266 |
ISO/IEC 23090-3, of all VVC access units in the associated elementary stream.

tem nrnl_ir‘l_mnv This 3.-hit field indicates the maximum-valie of the Tnmpnrnllr‘l, as-defined-inRec 1 TU-T H 266 |
ISO/JEC 23090-3, of all VVVC access units in the associated elementary stream.

NOTE 5 — These values indicate maximum and minimum values, but they do not guarantee that all temporal layers dre,pfesgnt at
| times, because the number of temporal layers may change eg. when splicing occurs. However, if the temporal level goes bgyond
the range given by min and max values, a new descriptor with appropriate values needs to be inserted.

QD

2.6.131 VVC timing and HRD descriptor

For @ VVC video stream, a VVC temporal video sub-bitstream or a VVC temporal video subset; the VVC timing and
HRDO descriptor (see Table 2-139) provides timing and HRD parameters, as defined in Annex C of Rec. ITU-T H.R66 |
ISOAEC 23090-3, for the associated VVC video stream or the VVC highest temporalsublayer representation thgreof,
respectively.

Table 2-139 — VVC timing and HRD descriptor

Syntax No. of bits Mnemonic
VV[_timing_and_HRD_descriptor() {
hrd_management_valid_flag 1 bslbf
reserved 6 bslbf
picture_and_timing_info_present_flag 1 bslbf
if (picture_and_timing_info_present_flag == '1") {
90kHz_flag 1 bslbf
reserved 7 bslbf
if (90kHz_flag=="0") {
N 32 uimsbf
K 32 uimsbf
}
num_units_in_tick 32 uimsbf
}
}

2.6.132 Semanti¢’definition of fields in VVC timing and HRD descriptor

hrd |management valid_flag — This 1-bit flag is only defined for use in transport streams. When the VVC timing and
HRDO descriptor is associated to a VVC video stream or to a VVC highest temporal sublayer representation carried in a
trangport¢stream, then the following applies.

If thé_hrd management valid flag is set to '1', then Buffering Period SEI and Picture Timing SEIl messages, as defined
in Annex C of Rec. ITU-T H.266 | ISO/IEC 23090-3, shall be present in the associated VVVC video stream or VVC highest
temporal sublayer representation. These Buffering Period SEI messages shall carry coded nal_initial_cpb_removal_delay
and nal_initial_cpb_removal_delay offset values and may additionally carry nal_initial_alt_removal_delay and
nal_initial_alt_cpb_removal_delay_offset values for the NAL HRD. If the hrd_management_valid_flag is set to '1', then
the transfer of each byte from MB;, to EB,, in the T-STD as defined in 2.23.2 or the transfer from MB,x to EB, in the T-
STD as defined in 2.23.3 shall be according to the delivery schedule for that byte into the CPB in the NAL HRD, as
determined from the coded nal_initial_cpb_removal_delay and nal_initial_cpb_removal_delay_offset or from the coded
nal_initial_alt_cpb_removal_delay and nal_initial_alt_cpb_removal_delay offset values for SchedSelldx equal to
cpb_cnt_minusl as specified in Annex C of Rec. ITU-T H.266 | ISO/IEC 23090-3. When the hrd_management_valid_flag
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is set to '0', the leak method shall be used for the transfer from MB, to EB, in the T-STD as defined in 2.23.2 or the
transfer from MBx to EB,, in the T-STD as defined in 2.23.3.

picture_and_timing_info_present_flag — This 1-bit flag when set to '1' indicates that the 90kHz_flag and parameters
for accurate mapping to 90-kHz system clock are included in this descriptor.

90kHz_flag — This 1-bit flag when set to '1" indicates that the frequency of the VVC time base is 90 kHz.

N, K — For a VVC video stream or VVC highest temporal sublayer representation, the frequency of the VVC time base
is defined by the syntax element time_scale in the SPS or VPS, as defined in 7.3.5 of Rec. ITU-T H.266 | ISO/IEC
23090-3. The relationship between the VVC time_scale and the STC shall be defined by the parameters N and K in this
descriptor as follows.

time scale = (N x system clock frequency) /K

If th¢ 90kHz_flag is set to '1', then N equals 1 and K equals 300. If the 90kHz_flag is set to ‘0", then the valuesof-N and
K ar¢ provided by the coded values of the N and K fields.

NOTE — This allows mapping of time expressed in units of time_scale to 90 kHz units, as needed for the calculation of PTP and
OTS timestamps, for example in decoders for VVC access units for which no PTS or DTS is encoded in the PES header.

num|_units_in_tick — This 32-bit field is coded exactly in the same way as the num_units_in_tick field in SPS or VIS as
defirfed in 7.3.5 of Rec. ITU-T H.266 | ISO/IEC 23090-3. The information provided by this field shall apply to the gntire
VV({ video stream or VVC highest temporal sublayer representation to which the VVC timing and HRD descripfor is
assogiated.

2.6.133 EVC video descriptor

For gn EVC video stream, the EVC video descriptor (see Table 2-140) provides-basic information for identifying cqding
parameters, such as profile and level parameters, of that EVC video stream_For an EVC temporal video sub-bitstqeam,
the EVC video descriptor provides information such as the associated-EV/C highest temporal sub-layer representation
contgined in the elementary stream to which it applies.
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Table 2-140 — EVC video descriptor

Syntax No. of bits Mnemonic
EVC_video_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 16 uimsbf
profile_idc 8 uimsbf
level_idc 8 uimsbf
toolset_idc_h 32 uimsbf
toolset_idc_| 32 uimsbf
progressive_source_flag 1 bslbf
tertacee—setree—fag e bstbf
non_packed_constraint_flag 1 bslbf
frame_only_constraint_flag 1 bslbf
reserved 1 bslbf
temporal_layer_subset_flag 1 bstbf
EVC _still_present_flag 1 bslbf
EVC_24hr_picture_present_flag 1 bslbf
HDR_WCG_idc 2 uimsbf
reserved 2 bslbf
video_properties_tag 4 uimsbf
if (temporal_layer_subset_flag =="1") {
reserved 5 bslbf
temporal_id_min 3 uimsbf
reserved 5 bslbf
temporal_id_max 3 uimsbf
}
}
2.6.134 Semantic definition of fields in EVC video descriptor
profjle_idc, level _idc, toolset_idc_h, toolset_idc_| — These fields shall be coded according to the semantics defin
SPS parameters in ISO/IEC 23094-1 for the correspending EVC video stream.

progressive_source_flag, interlaced_source-flag, non_packed constraint_flag — These fields shall be o

acco

fram
field

temy
temp

rding to the semantics sei picture timing'message defined in ISO/IEC 23094-1 for as indicated by ct_type.

e_only_constraint_flag — This field shall be coded according to the semantics defined in ISO/IEC 23094-
| seq_flag in the VUI parametersfor the corresponding EVC video stream.

oral_layer_subset flag — This 1-bit flag, when set to '1', indicates that the syntax elements describing a subg
oral layers are included inthis descriptor. This field shall be set to 1 for EVC temporal video subsets. When {

‘0, the syntax elements temmporal id min and temporal_id_max are not included in this descriptor.

EV(
temg
shall

EV(Q
is us
used

_still_present_flag— This 1-bit field, when set to '1', indicates that the EVC video stream or the EVC hi
oral sublayer_representation may include EVC still pictures. When set to '0', then the associated EVC video st
not contaimV/VC still pictures.

_24hrpicture_present_flag — This flag when set equal to 0 specifies that no long term reference picture (L]
pd_for, inter prediction of any coded picture in the coded video stream (CVS). When set equal to 1, LTRPs m
forinter prediction of one or more coded pictures in the CVS.

bd in

oded

1 for

et of
et to

jhest
ream

[RP)
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HDR_WCG_idc — This 2-bit field indicates the presence or absence of high dynamic range (HDR) and/or wide color
gamut (WCG) video components in the associated PID according to Table 2-133. This field shall not be set to 2 unless
bit_depth_luma_minus8 and bit_depth_chroma_minus8 as defined in | ISO/IEC 23094-1 in the associated video is greater
than or equal to 2. This information is defined in VUI parameters of Rec. ISO/IEC 23094-1 for the corresponding EVC
video stream.

video_properties_tag — This 4-bit field is used to indicate specific video property CICP combinations for SDR, WCG,
or HDR/WCG streams depending on the value of HDR_WCG_idc. The CICP values are defined in Rec. ITU-T H.273 |
ISO/IEC 23091-2. When HDR_WCG _idc is equal to 0, Table 2-135 applies. When HDR_WCG _idc is equal to 1,
Table 2-136 applies. When HDR_WCG _idc is equal to 2, Table 2-137 applies. When HDR_WCG _idc is equal to 3,
Table 2-138 applies. This information is defined in the VUI parameters of Rec. ISO/IEC 23094-1 for the corresponding
EVC video stream.
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NOTE 1 - The video_properties_tag descriptor can indicate widely used combinations that are documented by ITU-T H.Sup 19 |
ISO/IEC TR 23091-4. The system identifiers found in that Supplement | Technical Report are mentioned in Tables 2-135 to 2-138
for convenience.

temporal_id_min — This 3-bit field indicates the minimum value of the Temporalld, as defined in ISO/IEC 23094-1, of
all EVC access units in the associated elementary stream.

temporal_id_max — This 3-bit field indicates the maximum value of the Temporalld, as defined in ISO/IEC 23094-1, of
all EVC access units in the associated elementary stream.
NOTE 2 — These values of temporal_id_min and temporal_id_max indicate maximum and minimum values, respectively, but they
do not guarantee that all temporal layers are present at all times, because the number of temporal layers may change eg. when
splicing occurs. However, if the temporal level goes beyond the range given by min and max values, a new descriptor with
appropriate values needs to be inserted.

2.6.135 EVC timing and HRD descriptor

For gn EVC video stream or an EVC temporal video sub-bitstream, the EVC timing and HRD descriptor (see Tablé 21141)
provjdes timing and HRD parameters, as defined in Annex C of Rec. ISO/IEC 23094-1, for the associated'EVC yideo
stream or the EVC highest temporal sub-layer representation thereof, respectively.

Table 2-141 — EVC timing and HRD descriptor

Syntax No. of hits Mnemonic
EVCE_timing_and_HRD_descriptor() {
hrd_management_valid_flag 1 bslbf
reserved 6 bslbf
picture_and_timing_info_present_flag 1 bslbf
if (picture_and_timing_info_present_flag =='1") {
90kHz_flag 1 bslbf
reserved 7 bslbf
if (90kHz_flag =="0") {
N 32 uimsbf
K 32 uimsbf
}
num_units_in_tick 32 uimsbf
}
}

2.6.136 Semantic definition of fields in EVC timing and HRD descriptor

hrd |management_valid_flag — This1-bit flag is only defined for use in transport streams. When the EVC timing and
HRDO descriptor is associated to anyEVC video stream or to an EVC highest temporal sub-layer representation carrigd in
a transport stream, then the fellowing applies.

If th¢ hrd_management ~valid_flag is set to '1', then Buffering Period SEI and Picture Timing SEI messages, as defined
in Annex C of ISO/IEC23094-1, shall be present in the associated EVC video stream or EVC highest temporal sub-Jayer
reprgsentation. These” Buffering Period SEI messages shall carry coded nal_initial_cpb_removal_delay | and
nal_initial_cpbremoval_delay offset values and may additionally carry nal_initial_alt removal_delay | and
nal_initial_alt>cpb_removal_delay_offset values for the NAL HRD. If the hrd_management_valid_flag is set to '1'||then
in the
D, as
pded
nal_initial_alt_cpb_removal delay and nal |n|t|al aIt cpb removal delay offset values for SchedSelldx equal to
cpb_cnt_mlnusl as specified in Annex C of ISO/IEC 23094-1. When the hrd_management_valid_flag is set to '0', the
leak method shall be used for the transfer from MBn to EBn in the T-STD as defined in 2.24.2 or the transfer from MB
to EB, in the T-STD as defined in 2.24.3.

picture_and_timing_info_present_flag — This 1-bit flag when set to '1' indicates that the 90kHz_flag and parameters
for accurate mapping to 90-kHz system clock are included in this descriptor.

90kHz_flag — This 1-bit flag when set to '1" indicates that the frequency of the EVC time base is 90 kHz.

N, K —For an EVC video stream or EVC highest temporal sub-layer representation, the frequency of the EVC time base
is defined by the syntax element time_scale in the SPS, as defined in Annex E of ISO/IEC 23094-1. The relationship
between the EVC time_scale and the STC shall be defined by the parameters N and K in this descriptor as follows.
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time_scale = (N x system_clock_frequency) / K

If the 90kHz_flag is set to '1', then N equals 1 and K equals 300. If the 90kHz_flag is set to ‘0", then the values of N and
K are provided by the coded values of the N and K fields.

NOTE — This allows mapping of time expressed in units of time_scale to 90 kHz units, as needed for the calculation of PTS and
DTS timestamps, for example in decoders for EVC access units for which no PTS or DTS is encoded in the PES header.

num_units_in_tick — This 32-bit field is coded exactly in the same way as the num_units_in_tick field in SPS as defined
in ISO/IEC 23094-1. The information provided by this field shall apply to the entire EVC video stream or EVC highest
temporal sub-layer representation to which the EVC timing and HRD descriptor is associated.

2.6.137 LCEVC video descriptor

TablFZ-I2Zprovides a description of the LCEVT Video descriptor.
Table 2-142 — LCEVC video descriptor
Syntax No. of bits Mnemonic
LCHEVC video_descriptor() {
Icevc_stream_tag 8 uimsbf
profile_idc 4 uimsbf
level_idc 4 uimsbf
sublevel_idc 2 uimsbf
processed_planes_type_flag 1 bslbf
picture_type_bit_flag 1 bslbf
field_type_bit_flag 1 bslbf
reserved 3 bslbf
HDR_WCG _idc 2 uimsbf
reserved_zero_2bit 2 bslbf
video_properties_tag 4 uimsbf
}
2.6.138 Semantic definition of fields of LCEVCvideo descriptor
Icev¢_stream_tag — This is an 8-bit field specifying the identifier of an association between base and enhancement
streams of an LCEVC encoding.

prof]
level

proc
proc

picty
picty

HDF

| idc, sublevel_idc in 7.3.4 (SCy-sequence_configuration) of ISO/IEC 23094-2.

essed_planes_type flag %) This field shall be coded according to the semantics defined
bssed_planes_type flag in 7.3.5 (GC, global_configuration) of ISO/IEC 23094-2.

re_type_bit flagi field_type bit flag in 7.3.6 (PC, picture_configuration) of ISO/IEC 23094-2.
_WCG _idc'>~This 2-bit field indicates the presence or absence of high dynamic range (HDR) and/or wide ¢

gam

vide
indid

Table 2-136 applles When HDR WCG idc is equal to 2, Table 2 137 applles When HDR. WCG idc is equal to 3,

t (WCG).video components in the associated PID according to Table 2-134.

D _properties_tag — This 4-bit field is used to indicate specific widely used video property CICP combinatio
ated by ITU -T H. Sup 19| ISO/IEC 23091 4 for SDR WCG or HDRNVCG streams dependlng on the val

le_idc, level _idc, sublevel_idc < These fields shall be coded according to the semantics defined for profile]

idc,

for

re_type_bit_flag,field_type bit flag — These fields shall be coded according to the semantics defineg for

blour

NS as
e of

Table 2-138 applies.

NOTE 1 - Since the LCEVC enhancement stream and the base video stream that is enhanced are encoded separately, there can be
separate values for HDR_WCG_idc and HDR_WCG_idc in the base and in the enhancement streams, and such values are not
necessarily identical.

NOTE 2 — There is no Buffering Period SEI and Picture Timing SEI messages defined for LCEVC because the ones from the base
encoding are used. For this reason, LCEVC timing and HRD descriptors are not needed.

2.6.139 LCEVC linkage descriptor

Table 2-143 provides a description of the LCEVC linkage descriptor.
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Table 2-143 — LCEVC linkage descriptor

Syntax No. of bits Mnemonic
LCEVC_linkage_descriptor() {
num_lcevc_stream_tags 8 uimsbf
for (i=0; i<num_lcevc_stream_tags; i++) {
Icevc_stream_tag 8 uimsbf
}
}

2.6.140 Semantic definition of fields of LCEVC linkage descriptor

NUM[TCEVC_stream_tags — The numper of ICevC_stream_tag items that will TolTow.

Icevg_stream_tag — Tag value that allows indicating this video elementary stream as the base of an LCEVC videostream
that garries the same tag value in its LCEVC video descriptor.

2.6.141 Media service kind descriptor

The edia_service_kind_descriptor can read on the program or PID ES stream itself or can read on‘auxiliary PID E$ that
are dependent on the principal PID media component ES (i.e., in most cases the principal media component is vifleo).
The edia service kind descriptor can also read upon the entire program to describe content \with a single principal media
component. Multiple data elements (N) can be included in the descriptor, each\With one or more landquage

codefmedia_service_type pairs.

If the same media component is described at a program level and at an elementary level, then the elementary stfeam
media_service_kind description shall take precedence.

Tablg 2-144 provides a description of the media service kind descriptor{ The descriptor uses two loops as indicatgd in
Tablg 2-144. The outer loop can indicate the number of language_pairs and a unique identifier for the descriptor] The
innet loop indicates the language code and its purpose(s).
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Table 2-144 — Media service kind descriptor

2.6.1

med
streal
in T4

Syntax No. of bits Mnemonic
Media_service_kind_descriptor() {
for (i=0; i<N; i++) {
media_description_flag 1 bsibf
identifier_flag 1 bsibf
lang_pairs 3 uimbsf
media_type_idc 2 uimbsf
reserved 1 bsibf
if (identifier_flag) {
ID_length code 3 uimbsf
ID_type 13 uimbsf
if (ID_length_code =="'7") {
ID_len 8 uimbsf
}
) media_ID_field ID len*8 bslbf
for (j= 0; j<lang_pairs; j++) {
configuration_type 2 uimsbf
lang_purpose_cnt 3 uimsbf
lang_len_idc 2 uimsbf
reserved 1 bsIbf
if (lang_len_idc ==0) {
lang_len 8 uimsbf
IETF_BCP_47_language_code lang_len*8 bsIbf
for (k=0; k<lang_purpose_cnt;
k++) { 8 uimsbf
media_service_type
}
}
}
hs

42 Semantic definition of fields in mediaservice kind descriptor

a_description_flag — This flag indicates if the specific entry in the descriptor applies to the elemeptary
m/program itself or indicates an entry for another stream associated with the elementary stream/program as descfibed
ble 2-145 which is needed to preduce a specific purpose of the program.

Table 2-145 — media_description_flag

media_description_flag | media_description_flag value

0 self
1 associate
identifier_flag — A flag to indicate if the media_service_kind descriptor data element will carry an identifier.
lang| pairs — This field indicates the number of language code/media_service_type pairs carried with the data element.
media_type_idc — This indicator would have the values "0-unknown", "1-Video", "2-Audio" or "3-Text", as indicated in
Table 2-146.
Table 2-146 — Media type indicator
media_type_idc Media type value
0 unknown
1 video
2 audio
3 text/data
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ID_length_code — This parameter assigns to ID_len the number of bytes from the list of potential byte numbers needed
for the carriage of the optional identifier. When the parameter has a value of 7 then the ID_len can be configured to other

byte length numbers. See Table 2-147.

Table 2-147 — ID_length_code

Value Length, bytes (ID_len)

0 1

2

4

8

12

16

20

~N[([o|o|bh|[|wWw|IN| -

Explicit value provided in field ID_len

ID_tlype — Parameter to indicate the type of identifier used according to Table 2-148.

=

f the UPID identifiers list.

(o]

OTE 1 - This parameter can originate from a list of SCTE UPID identifiers list. Alternatively, identifiers can be reserved olitside

Table 2-148 — ID_type

Range

Definition

0x0000 .. 0x01FF | Reserved for MPEG standardization

0x0200 .. 0x02FF | Value defined in ANSI/SCTE 35 Tablé\22*(segmentation_upid_type) + 0x200

0x0300 .. OXOFFF | Reserved for MPEG standardizatior

0x1000 .. Ox1FFF | User Private types

ID_len — The number of bytes needed

medja_ID_field — The parameter carrying the identifier in the data element of the descriptor.

confjguration_type — This parameter,

to carry an optionalidentifier in the data element of the descriptor.

as defined_in Table 2-149, indicates if the elementary stream or associate stfeam

is complete (value= 0, e.g., a 5.1 audio stream)-and playable as an independent media component or is partial (valup=1,
e.g., [M&E or dialogue only) and not playahle alone as the media component stream. A complete combination (valug= 2,

e.g.,[5.1/2.0 stream with multiple di

alogue languages) contains several variants with each version playable gs an

independent media component. Intefnal coding configurations if defined are deferred to the elementary specific fgrmat

metadata.

Table 2-149 — configuration type values

configuration_type configuration type value
0 complete
1 partial
2 complete combination
3 reserved

configuration_type value semantics

complete: Describes a media component stream that is a single version playable video/audio/text experience otherwise

known as complete or complete main.

partial: Describes a media component stream that is not a playable video/audio/text experience without additional

streams.

complete combination: Describes a media component stream that contains multiple playable video/audio/text
experiences which can be extracted through different parameter settings.
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lang_purpose_cnt — This parameter indicates the number of media_service_types (up to 6) associated with a single
language code. If the count is zero it means to use the default media_service_type of "und"” and if no "main" exists for the
track, then this defaults to "main”. A value of 7 is reserved for future purposes.

lang_len_idc — Indicator to determine if a default length is used to indicate the IETF_BCP_47_language_code field
length. If indicator is O, then char length is assignable by a byte value. When set to 1 or 2, the value of lang_len is given
in Table 2-150. A value of 3 is reserved for future use.

Table 2-150 — lang_len_indicator

lang_length_idc lang_len
0 No default length. Explicit value provided in field lang len
1 2
2 3
3 reserved

IETF _BCP47_language _code — Identifies the language or languages, including sign language, usedby the assodiated
progfam element. The IETF_BCP47_language_code contains a multi-character code as specified by 1ETF BCP 47 where
the number of characters is determined by the value in the preceding lang_len field. IETF BCP 47 iacorporates 1SO §39-3
langliage code with additional description. Each character is coded into 8 bits according ta"1SO 8859-1 and inserted in
ordef into this field. In the case of multilingual audio streams, the sequence of ISO_639_language_code fields shall rgflect
the gontent of the audio stream or designated as 'mul’ three-character subtag for dynamic multilingual cases but ip the
case [that the descriptor needs to remain static. In the case of video components that,are not sign language,'zxx' cqn be
used|as a three-character primary language subtag.

medja_service_type — This 8-bit field specifies the purpose(s) of the streami(s) described in the descriptor as defingd in
Tablg 2-151.

Table 2-151 — Media service-type values

Value Description
0x00 undefined

0x01 main

0x02 alternate

0x03 supplémentary

0x04 emergency

0x05 description

0x06 enhanced-audio-intelligibility
0x07 dub

0x08 primary commentary
0x09 primary

0x0A native

0x0B Music and effects
0xoC dialogue

0x0D voice-over

0x0E sign

U)\UF Illuili'ViUVV

0x10 karaoke

0x11 caption

0x12 subtitle

0x13 forced-subtitle

0x14 metadata

0x15 non-primary

0x16 substitution

0x17 alternate commentary
0x18 stadium sound
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Table 2-151 — Media service type values

Value Description
0x19 .. OXEF Reserved
0xFO .. OXFF User private

media_service_type value semantics

[General]

undefined: This is a default value that indicates that the purpose of the stream is unknown. It is different from the language
code’l‘"und", which would indicate that the language of the audio is unknown. If "main" is not assigned in the desctliptor
for tie stream, then this defaults to "main™.

mair: Main media component(s) that is/are intended for presentation if no other information is provided.

alterjnate: Media content component(s) that is/are an alternative to (a) main media content comparient(s) of the $ame
media component type.

supglementary: Media content component that is supplementary to a media content component of a different npedia
comjponent type.

emergency: Experience that provides information about a current emergency. It is iptended to enable the protectipn of
life, health, safety and property, and may also include critical details regarding the emergency and how to respond tp the
emergency.

media_service_type that defaults to the main type for that media content cémponent when not available. This often ogcurs
in linear channels where Spanish or audio description may not continuously exist for all programs on the channel, but the
linegr channel track does need to be continuous.

subsfitution: Indicates that the media content component is continuous but may have a substitution in Iangua}e or

[Vidpo specific]
sign] Visual media component representing a sign-languageinterpretation of an audio component.

multli-view: This value indicates that the video streamJ$ an alternate view of the main video feed. This can be used for
diffefent sports angle feed in a football game.

captjon: Textual representation of the audio_track usually including both dialogue and all sounds. This text is pften
embedded in the video track intended for an audience with loss or partial loss of hearing and is in the same language as
the dialogue.

forced-subtitle: Textual informationymeant for display when no other text representation is selected. It is used to clarify
dialdgue, alternative languages, texted graphics or location/person IDs that are not otherwise covered ir] the
dubbjed/localized audio.

[Audio specific]

description: This yvalue indicates that the referenced program element is prepared for the visually impaired vig¢wer.
Altel:]wate labels farthis are "audio descriptive services" (ADS) or "descriptive video services" (DVS) or "visual imppired
comimentary"

enhdnced-atdio-intelligibility: Experience containing an element for improved intelligibility of the dialogue} An
alterpative'label for this is "hearing impaired".

dub: Experience that contains an element that is presented in a language different from the original (e.g., dubbed audio,
translated captions).

primary commentary: This value indicates the referenced program element is prepared with narration in addition to the
natural sound of the content. This narration can be an announcer to a sporting event or the director's comments on a film
or program, and is the default commentary for the content.

alternate commentary: This value indicates the referenced program element is prepared as bonus or alternate narration
in addition to the natural sound of the content. This additional commentary is of the same language as the primary
commentary and can be used for cases such as an additional away announcer to a sporting event or producer's comments
of the film or program.
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primary: This value indicates the default recommended language of the channel or program. This is a separate value
from the language code itself. If the language code is Welsh with an undefined media_service_type, it means "this is
Welsh". When the language code is welsh with media_service_type 0x09, it means "this is Welsh, and it is the primary
language of this program.”

non-primary: This value indicates a secondary language of the channel or program. This is a separate value from the
language code itself, and indicates a secondary priority of language in the channel or program. Secondary languages may
have substitutions in its track when that language is not available in order to provide a continuous track for the channel.

substitution: This value indicates the language in the channel or program may be replaced by another language if the
language is sometimes unavailable, but the track needs to be continuous with the program. An example of this is a Spanish
SAP (secondary audio program) where the commercial does not have a Spanish language track, so an English language
track is substituted until the advertisement is done.

natiye: This value indicates the language in which the program was produced. An absence of this value indicatés-that it
is either undefined or a dubbed language.

Musjc and effects: This value indicates that the referenced program element has no language. This can also £ie known as
"clegn effects".

dialggue: An isolated language track intended to be combined with a music and effects track.

stadjum sound: Audio track for an event (e.g., sporting event) devoid of any additional commentary. It would bp the
natufal sound one would hear if physically attending the event at the stadium. An alternativé.term for this would be ngtural
sounf.

voicg-over: An isolated narration track intended to be combined with audio that «eflects the natural sound of the qcene
contént.

[Texjt/Data specific]

dub Experience that contains an element that is presented in a languagé different from the original (e.g., dubbed ajidio,
tranglated captions).

comnentary: Experience that contains a commentary (e.g., director's commentary, sports announcer).

primary: This value indicates the default recommended textual language of the channel or program. This is a sepgrate
valug from the language code itself. If the language codeds Welsh with an undefined media_service_type, it means|"this
is WElsh subtitles”. When the language code is Welsh with media_service_type 0x09, it means "this is Welsh, and it is
the primary subtitles language of this program”.

non-primary: This value indicates a secondary-textual language of the channel or program. This is a separate value from
the language code itself and indicates a secondary priority of textual language in the channel or program. Secorjdary
textyal languages may have substitutions-in its track when that textual language is not available in order to provjde a
continuous track for the channel.

natiye: This value indicates the language in which the program was produced. An absence of this value indicates that it
is either an undefined or a dubbed language.

kargoke: Textual representation of a song's lyrics, usually in the same language as the associated songs.

subtjtle: Textual representation of the audio track. It usually represents only the dialogue and often in a language pther
than tthe audio track-dialogue. This is intended for a foreign language audience.

metgdata: Media component containing information intended to be processed by application specific elements.

NOTE 2 > Similar corresponding description values can be found in the definition of the ISO_639_language descriptor and infother
sfandards/specifications ISO/IEC 23009-1 (MPEG-DASH), SMPTE ST 2067-2 (IMF Core Constraints), or DA$H-IF
nteroperapility poInts.

Figure 2-4 and Figure 2-5 show examples of the Media Service Kind Descriptor.
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// Program — Media Service Kind Descriptor
i=0 // Identify Program
media_description_flag —>self
identifier_flag—> true
lang_pairs > 0
media_type_idc - content
ID_length_code—> 4 (ID_len is 12)
ID_type > 0x20A (EIDR-Content)

media_ID_field - 10.5240/0E4F-892E-442F-6BD4-15B0-1

i=1// Identify Video

i=2 // 1dentify Main Audio Track of Linear Channel

media_description_flag = self

identifier_flag - false

lang_pairs > 1

media_type_idc - audio

j=0// Identify as English Main-Primary-Native
configuration_type = complete
lang_purpose_cnt 2> 3
len_idc - 2 (lang_len = 3)
BCP_47_language_code. 2eng

configuration_type - complete
lang_purpose_cnt—>0

lang_len_idc>2 (lang_len = 3)
BCP_47_language_code. =>zxx

default // media_service_type - und - main
j=1 // identify Closed Captioning English
configuration_type->complete combination
lang_purpose_cnt>1

lang_len_idc—>2 (lang_len = 3)
BCP_47_language_code. - eng

k=1 // media_service_type - caption

Fedia—deseription—Hag—>-sel k=t+Hrmedie—serrce—type—>—maih
identifier_flag—> false k=2 /I media_service_type > primary
lang_pairs >2 k=3 // media_service_type = native
Imedia_type_idc - video i=3 // Identify 2nd Audio Track as Spanish
-

media_description_flag = self

identifier_flag—> false

lang_pairs >1

media_type_idc = audio

j=0// Identify as SpanishMain
configuration \type - complete
lang_purpose“cnt->0
len_idc;2 (lang_len = 3)
BEP{47_language_code = spa
default // media_service_type > und - main

Figure 2-4 — Media Service Kind Déscriptor semantics at program level

/I Ah Audio elementary stream demuxed that has an association to a video track or content

i=0y/ Identify Audio Elementary Stream
media_description_flag - self
identifier_flag > false

lang_pairs > 1

media_type_idc = audio

j=0J/ Identify as English Main-Native
configuration_type - complete
lang_purpose_cnt > 2

len_idc>2 (lang_len='3)
BCP_47_language-Code - eng
k=1/Imedia-~sefvice_type = main
k=2//media“Service_type > native
i=1)/ Associate to Video via identifier
media_description_flag - associate

identifier_flag - true

lang_pairs > 0

media_type_idc - video
ID_length_code-> 4 (ID_len is 12)
ID_type - 0x20A (EIDR-Video)
media_ID_field > 10.5239/C370-DCA5

Figure 2-5 — Media Program Kind Descriptor semantics at elementary stream level
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2.7

Restrictions on the multiplexed stream semantics

2.7.1 Frequency of coding the system clock reference

The program stream shall be constructed such that the time interval between the bytes containing the last bit of
system_clock_reference_base fields in successive packs shall be less than or equal to 0.7 s. Thus:

[t(i) —t(i")] < 0.7s

foralliand i’ whereiand i’ are the indexes of the bytes containing the last bit of consecutive system_clock_reference_base

fields.
2.7.2 Erequency of Pnding the program clock reference
The [transport stream shall be constructed such that the time interval between the bytes containing the last-it of
progfam_clock_reference_base fields in successive occurrences of the PCRs in transport stream packets of the. PCR| PID
for epch program shall be less than or equal to 0.1 s. Thus:
[t(i) —t(i")|<0.1s
for fall i and i’ where i and i’ are the indexes of the bytes containing the~ last bit of consecltive
progfam_clock_reference_base fields in the transport stream packets of the PCR_PID foréach program.
Therg shall be at least two (2) PCRs, from the specified PCR_PID within a transport stream, between consecutive [PCR
discqntinuities (refer to 2.4.3.4) to facilitate phase locking and extrapolation of bytedelivery times.
2.7.3 Frequency of coding the elementary stream clock reference
The program stream and transport stream shall be constructed such that-if\the elementary stream clock reference figld is
codefd in any PES packets containing data of a given elementary streanmthe time interval in the PES_STD betweep the
byteg containing the last bit of successive ESCR_base fields shall he.less than or equal to 0.7 s. In PES Streams the BSCR
encofing is required with the same interval. Thus:
[t(i) —t(iY)[<0.7s

for aJl i and i’ where i and i’ are the indexes of the bytes containing the last bits of consecutive ESCR_base fields.

NOTE — The coding of elementary stream clock-reference fields is optional; they need not be coded. However, if they are cpded,

this constraint applies.
2.7.4 Frequency of presentation timestamp coding
The program stream and transport stream shall be constructed so that the maximum difference between coded presentation
timegtamps referring to each elementary video or audio stream is 0.7 s. Thus:

[tp, (k) —tp, (k")[<0.7s

for a]l n, k, and k” satisfying:

+  Pn(K)and Pn(k") are presentation units for which presentation timestamps are coded;

with k <k’ <k": and

Sk and k” are chosen so that there is no presentation unit, P,(k’) with a coded presentation timestamp and

o No dpr‘nding dicr‘nntinniry pxists in plpmpnmry stream n between P (l() and P (l(”)

The 0.7-s constraint does not apply in the case of:

«  still pictures as defined in 2.1;
« AVC still pictures;

»  AVC access units with a very low frame rate, where the presentation time of subsequent access units differs
by more than 0.7 s. In this particular case, the VUI parameters num_units_in_tick and time_scale shall be
present either in the AVC video stream or in an AVC-timing and HRD descriptor associated with the AVC

video stream.

NOTE — The presentation time of an AVC access unit is equivalent to the DPB output time to,dps(n) defined in Annex C of

R
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2.7.5 Conditional coding of timestamps

For each elementary stream of a program stream or transport stream, a presentation timestamp (PTS) shall be encoded for
the first access unit.

A decoding discontinuity exists at the start of an access unit An(j) in an elementary stream n if the decoding time tdn(j) of
that access unit is greater than the largest value permissible given the specified tolerance on the system_clock_frequency.
For video, except when trick mode status is true or when low_delay flag is '1', this is allowed only at the start of a video
sequence. If a decoding discontinuity exists in any elementary video or audio stream in the transport stream or program
stream, then a PTS shall be encoded referring to the first access unit after each decoding discontinuity except when trick
mode status is true.

When low_delay is '1' a PTS shall be encoded for the first access unit after an EB, or B, underflow.

A PTS may only be present in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 video or audio elementary stream PES,packet
headpr if the first byte of a picture start code or the first byte of an audio access unit is contained in the PES packet.

A depoding_timestamp (DTS) shall appear in a PES packet header if and only if the following two conditiens-are met:
« aPTSis present in the PES packet header;
+ the decoding time differs from the presentation time.

For gach AVC 24-hour picture, no explicit PTS and DTS value shall be encoded in the PES header. For such AVC agcess
unit,|decoders shall infer the presentation time from the parameters within the AVC videorstream. Therefore, each AVC
vide@ stream that contains one or more AVC 24-hour picture(s):

« shall either carry picture timing SEI messages with coded (values of cpb_removal delay| and
dpb_output_delay; or

» shall carry VUI parameters with the fixed_frame_rate_flag set te’'1' and shall carry Picture Order Gount
(POC) information (PicOrderCnt) whereby pictures are counted in units of Atsigen( N ), where Atsigoo( ) IS
specified in equation E-10 of Rec. ITU-T H.264 | ISO/IEC 14496-10.

NOTE 1 — The requirements in the second bullet are met if a8 AVC timing and HRD descriptor is associated with the
AVC video stream with the fixed_frame_rate_flag set to '1"and the temporal_poc_flag set to '1".

The following applies to AVC access units in an AVC videostream carried in a Rec. ITU-T H.222.0 | ISO/IEC 13§18-1
stream. For each AVC access unit that does not represent ansAVC 24-hour picture, a PES header with a coded PTS|and,
if applicable, DTS value shall be provided, unless all conditions expressed under one of the following four bullets are
true:

« Inthe AVC video sequence the following SEI messages are present, as signalled by VUI parameters

a) picture timing SEI messages providing the cpb_removal_delay and the dpb_output_delay paramgters;
and

b) buffering period\> SEI messages providing the initial_cpb_removal_delay and | the
initial_cpb_removal_delay_offset parameters.
NOTE 2 — When-picture timing SEI messages are present in the AVC video sequence, then these messaggs are
present for-each AVC access unit, as required by Rec. ITU-T H.264 | ISO/IEC 14496-10. When buffering geriod
SEI messages are present in the AVC video sequence, then these messages shall be present for each IDR gccess
unitand.for each access unit that is associated with a recovery point SEI message, as required by Rec. ITU-T IH.264

| ISOUEC 14496-10.

+  ANAVC timing and HRD descriptor is associated with the AVC video stream and in this descriptdr the
fixed_frame_rate_flag is set to '1' and the temporal_poc_flag is set to '1".

*\7~"An AVC timing and HRD descriptor is associated with the AVC video stream and in this descriptgr the
fixed_frame_rate flag is set to 'l', the picture to_display_conversion_flag is set to '1'| the
toamnor nae—flag—iacat o 0O oA o+l ANLC udea-canian Bietra—tioaraa Ol oo Aoc At
L\-IIIPUIMI_PU\:_IIU.H o OoLL LU U Ulfu 1T uiv 7/AAvv o ViuLuy -J\.qu\.all\.'b Pl\.'l.ul\- I.IIIIIIIH T |||\..-Jaulg\.o \IVIL1 the

pic_struct field are present.
NOTE 3 — In this specific case the pic_struct field is used to determine subsequent PTS values.

* An AVC timing and HRD descriptor is associated with the AVC video stream and in this descriptor the
fixed frame_rate flag is set to '1' and the temporal poc flag is set to '0° and the
picture_to_display_conversion_flag is set to '0".

NOTE 4 — In this case the POC information in the AVC video stream is used to determine the subsequent
PTS values.
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2.7.6 Timing constraints for scalable coding

If an audio sequence is coded using an extension bitstream, such as specified in ISO/IEC 13818-3, then corresponding
decoding/presentation units in the two layers shall have identical PTS values.

If a video sequence is coded as an SNR enhancement of another sequence, such as specified in 7.8 of Rec. ITU-T H.262
| ISO/IEC 13818-2, then the set of presentation times for both sequences shall be the same.

If a video sequence is coded as two partitions, such as specified in 7.10 of Rec. ITU-T H.262 | ISO/IEC 13818-2, then the
set of presentation times for both partitions shall be the same.

If a video sequence is coded as a spatial scalable enhancement of another sequence, such as specified in 7.7 of Rec. ITU-T
H.262 | ISO/IEC 13818-2, then the following shall apply:

. 1f hoth seguences have the same frame rate. the sot of prncnnfafinn timos faor hath sequences shall the
same.
NOTE — This does not imply that the picture coding type is the same in both layers.

» If the sequences have different frame rates, the set of presentation times shall be such that as any
presentation times as possible shall be common to both sequences.

»  The picture from which the spatial prediction is made shall be one of the following?
— the coincident or most recently decoded lower layer picture;
—  the coincident or most recently decoded lower layer picture that is an I-'e¢’P-picture;

—  the second most recently decoded lower layer picture that is an I--or\P-picture, and provided that the
lower layer does not have the low_delay flag set to '1".

If a video sequence is coded as a temporally scalable enhancement of another\sequence, such as specified in 7}9 of
Rec.|[ITU-T H.262 | ISO/IEC 13818-2, then the following lower layer pictufes may be used as the reference. Times are
relat{ve to presentation times of:

» the coincident or most recently presented lower layer picture;
+  the next lower layer picture to be presented.

For |AVC video streams conforming to one or morexprofiles defined in Annex G of Rec. ITU-T H64 |
ISONEC 14496-10, there are no timing constraints on SVAC dependency representations or re-assembled AVC agcess
unitg of video sub-bitstreams of an AVC video stream.

2.7.7 Frequency of coding P-STD_buffer_size-in PES packet headers

In a program stream, the P-STD_buffer_scaleand P-STD_buffer_size fields shall occur in the first PES packet of|each
elementary stream and again whenever thelvalue changes. They may also occur in any other PES packet.

2.7.8 Coding of system header in\the program stream

In a program stream, the systemhegader may be present in any pack, immediately following the pack header. The syistem
headpr shall be present in the first pack of a program stream. The values encoded in all the system headers in the program
stream shall be identical.

2.7.9 Constrained system parameter program stream

A prpgram strearfi»is a "Constrained System Parameters Stream" (CSPS) if it conforms to the bounds specified in this
subc]ause. Pragram streams are not limited to the bounds specified by the CSPS. A CSPS may be identified by meahs of
the GSPS_flag defined in the system header in 2.5.3.5. The CSPS is a subset of all possible program streams.

Paclet-rate

In the CSPS, the maximum rate at which packets shall arrive at the input to the P-STD is 300 packets per second if the
value encoded in the rate bound field (refer to 2.5.3.6) is less than or equal to 4500000 bits/s if the
packet_rate_restriction_flag is set to '1', and less than or equal to 2 000 000 bits/s if the packet_rate_restriction_flag is set
to '0. For higher bit rates the CSPS packet rate is bounded by a linear relation to the value encoded in the rate_bound
field.

Specifically, for all packs p in the program stream when the packet_rate_restriction_flag (refer to 2.5.3.5) is set to a value
of 'l

NP < (t(i") —t(i))x 300 x max[l, RLXG} (2-27)
4.5%x10
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f the packet_rate_restriction_flag is set to a value of '0'

NP < (t(i") —t(i)) x 300 x max[l, R&} (2-28)

2.5%x108

where:

R =8x50xrate_bound bit/s (2-29)

NP is the number of packet_start_code_prefixes and system_header_start codes between adjacent
pack_start_codes or between the last pack_start_code and the MPEG_program_end_code as

o500

Decq

In th
apply
In th
follo

BS,
Rec.

t(i) is the time, measured in seconds, encoded in the SCR of pack p.

t(i") is the time, measured in seconds, encoded in the SCR for pack p + 1, immediately follo
pack p, or in the case of the final pack in the program stream, the time of arrival of the
containing the last bit of the MPEG_program_end_code.

der buffer size

e case of a CSPS the maximum size of each input buffer in the system target decoder is bounded. Different bg
for video elementary streams and audio elementary streams.

e case of a Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 video-elementary stream in a CSP§
wing applies:

has a size which is equal to the sum of the size of the Video Buffer Verifier (VBV) as specified it
ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 stream, respectively, and an additional amount of buff

BSaafi. BSada is specified as:

BSaga < MAX [6 x 1024, Rynx 0.001] bytes

whetle Rymax IS the maximum bit rate of the Rec. ITU-T H.262" 1SO/IEC 13818-2 or ISO/IEC 11172-2 video eleme

streal
In th
BS,

whe

whe
hrd_
the g

appl
In th

In th

m.
e case of a Rec. ITU-T H.264 | ISO/IEC 14496-10 video elementary stream in a CSPS, the following applies:

nas a size which is equal to the sum of cpb size and an additional amount of buffering BSagd. BSada is specified

BSadd <MAX [6 x 1024, Rymax X 0.001] bytes

e Rumax 1S the maximum videosbitvrate of the AVC video stream, and

e cpb_size is the CpbSize[‘ept_cnt_minusl ] size of the CPB for the byte stream format signalled in the
barameters() in the AVCwideo stream. If the NAL hrd_parameters() are not present in the AVC video stream,
pb_size shall be the-Size’defined as 1200 x MaxCPB in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 fq
ed level.

e case of an audio elementary stream in a CSPS, unless otherwise specified below, the following applies:

BS» <4096 bytes

ving

byte

unds

, the

the
bring

ntary

as:

NAL
then
r the

b Case of ISO/IEC 13818-7 ADTS audio elementary stream in a CSPS the following applies to support 8 chann

BSh < 8976 bytes

2.7.10  Transport stream

Sample rate locking in transport streams

In the transport stream there shall be a specified constant rational relationship between the audio sampling rate and the
system clock frequency in the system target decoder, and likewise a specified rational relationship between the video
frame rate and the system clock frequency. The system_clock_frequency is defined in 2.4.2.1. The video frame rate is
specified in Rec. ITU-T H.262 | ISO/IEC 13818-2 or in ISO/IEC 11172-2. The audio sampling rate is specified in ISO/IEC
13818-3 or in ISO/IEC 11172-3. For all presentation units in all audio elementary streams in the transport stream, the
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ratio of system_clock_frequency to the actual audio sampling rate, SCASR, is constant and equal to the value indicated
in the following table at the nominal sampling rate indicated in the audio stream.

SCASR = - -
audio_sample_rate_in_the T —STD

The notation X denotes real division.
Y

system_ clock _ frequency (2-30)

Nominal audio
sampling 16 32 22.05 441 24 48
frequency (kHz)
27666666 27-666-666 27-666-666 27-666-666 27-666-666 27666690
SCASR | mreemeeee | s | s | e | e | -
16 000 32 000 22 050 44 100 24 000 48 000
For all presentation units in each ISO/IEC 11172-2 video and Rec. ITU-T H.262 | ISO/IEC 13818-2 video stream ih the

trans
valu

port stream, the ratio of system_clock_frequency to the actual video frame rate, SCFR, is constant;and equal t
indicated in the following table at the nominal frame rate indicated in the video stream.

system__clock _ frequency (2
frame_rate_in_the_T —STD

SCFR =

D the

-31)

N

ominal

frame rate 23.976 24 25 29.97 30 50 59.94 60

(Hz)

SCFR 1126 125 1125000 1 080 000 900 900 900 000 540 000 450 450 450 0

DO

The
rate

For |
defin
systg
with
For

vide
paral
N an
if the
divid

2.8

The
ISO

supp

2.9
2.9.1

alues of the SCFR are exact. The actual frame rate differs slightlyrom the nominal rate in cases where the no
s 23.976, 29.97, or 59.94 frames per second.

SO/IEC 14496-2 video streams carried in a transport streamythe time base of the ISO/IEC 14496-2 video streal

m_clock_frequency divided by K, with N and K integets that have a fixed value within each visual object sequ
K greater than or equal to N.

Rec. ITU-T H.264 | ISO/IEC 14496-10 video.streams, the time base of the Rec. ITU-T H.264 | ISO/IEC 1444
stream shall be locked to the system clock frequency. The frequency of the AVC time base is defined by the
eter time_scale, and this frequency shall:be exactly equal to N times system_clock_frequency divided by K,

time_scale is set to 90 000, thensthe:frequency of the AVC time base is exactly equal to system_clock_frequ
ed by 300.

Compatibility with ISO/IEC 11172

program stream of-this Recommendation | International Standard is defined to be forward compatible
EC 11172-1. Decoders of the program stream as defined in this Recommendation | International Standard shal
prt decoding ofdSO/IEC 11172-1.

Reégistration of copyright identifiers

General

hinal

mn, as

ed by vop_time_increment_resolution, shall be locked.to the STC and shall be exactly equal to N fimes

ENnce,

6-10
\\VC
with

( K integers that have a fixed value within each AVC video sequence and K greater than or equal to N. For example,

ency

with
also

Parts 1, 2 and 3 of ISO/IEC 13818 provide support for the management of audiovisual works copyrighting. In Rec. ITU-T
H.222.0 | ISO/IEC 13818-1 this is by means of a copyright descriptor, while Rec. ITU-T H.262 | ISO/IEC 13818-2 and
ISO/IEC 13818-3 contain fields for identifying copyright holders through syntax fields in the elementary stream syntax.
This Recommendation | International Standard presents the method of obtaining and registering copyright identifiers in

Rec.

ITU-T H.222.0 | ISO/IEC 13818-1.

Rec. ITU-T H.222.0 | ISO/IEC 13818-1 specifies a unique 32-bit copyright_identifier which is a work type code identifier
(such as ISBN, ISSN, ISRC, etc.) carried in the copyright descriptor. The copyright_identifier enables identification of a
wide number of Copyright Registration Authorities. Each Copyright Registration Authority may specify a syntax and
semantic for identifying the audiovisual works or other copyrighted works within that particular copyright organization
through appropriate use of the variable length additional_copyright_info field which contains the copyright number.
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In the following subclause and Annexes L, M and N, the benefits and responsibilities of all parties to the registration of
copyright_identifier are outlined.

2.9.2 Implementation of a Registration Authority (RA)

ISO/IEC JTC 1 shall call for nominations for an international organization which will serve as the Registration Authority
for the copyright_identifier as defined in 2.6.24. The selected organization shall serve as the Registration Authority. The
so-named Registration Authority shall execute its duties in compliance with Annex H/JTC 1 Directives. The registered
copyright_identifier is hereafter referred to as the Registered Identifier (RID).

Upon selection of the Registration Authority, JTC 1 shall require the creation of a Registration Management Group
(RMG) which will review appeals filed by organizations whose request for a RID to be used in conjunction with
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 has been denied by the Registration Authority.

Anngxes L, M and N provide information on the procedure for registering a unique copyright identifier.

2.10 Registration of private data format

The fegistration descriptor of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 is provided by this text in orderto enable usqrs of
this Ppecification to unambiguously carry data when its format is not recognized by this Specification. This provjsion
will permit this Specification to carry all types of data while providing for a method of unambiguaus identification gf the
chargcteristics of the underlying private data.

2.10/1 General

In the following subclause and Annexes O and P, the benefits and responsibilitiés-of all parties to the registrati¢n of
privgte data format are outlined.

2.10)2  Implementation of a Registration Authority (RA)

ISOJJEC JTC 1/SC 29 shall call for nominations from member bodies 0f.ISO or National Committees of IEC which will
servg as the Registration Authority for the format_identifier as defined'in 2.6.8 and 2.6.9. The selected organization|shall
servg as the Registration Authority. The so-named Registration, Authority shall execute its duties in compliance|with
Anngx H/JTC 1 Directives. The registered private data format identifier is hereafter referred to as the Registered Identifier
(RID).

Upon selection of the Registration Authority, JTC 1 shall require the creation of a Registration Management Group
(RM[G) which will review appeals filed by organizations whose request for an RID to be used in conjunction with} this
Spedification has been denied by the Registration Authority.

Anngxes O and P provide information on the\procedures for registering a unique format identifier.

2.11 Carriage of ISO/IEC 14496 data

2.11)1  Introduction

ARdc. ITU-T H.222.0 | ISGHEC 13818-1 stream may carry individual ISO/IEC 14496-2 and 14496-3 elementary streams
as well as ISO/IEC 1449651 audiovisual scenes with its associated streams. Typically, the ISO/IEC 14496 streamq will
be elements of a RecAITU-T H.222.0 | ISO/IEC 13818-1 program, as defined by the PMT in a transport stream anf the
PSM in a program_stream.

For the carriage.of ISO/IEC 14496 data in transport streams and program streams, distinction is made between indivjdual
elementary:streams and an ISO/IEC 14496-1 audiovisual scene with its associated streams. For carriage of indivjdual
ISONEC14496-2 and 14496-3 elementary streams, only system tools from Rec. ITU-T H.222.0 | ISO/IEC 13818-[L are
used| as’defined in 2.11.2. For carriage of an audiovisual ISO/IEC 14496-1 scene and associated ISO/IEC 14496
elementary streams, contained in ISO/IEC 14496-1 SL_packetized streams or M4Mux streams, tools from both Rec. ITU-
T H.222.0 | ISO/IEC 13818-1 and from ISO/IEC 14496-1 are used, as defined in 2.11.3.

Carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 video over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams is specified
in2.14.

Carriage of ISO/IEC 14496-17 text streams over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams is specified in 2.15.

2.11.2  Carriage of individual ISO/IEC 14496-2 and 14496-3 Elementary Streams in PES packets

2.11.2.1 Introduction

Individual ISO/IEC 14496-2 and 14496-3 elementary streams may be carried in PES packets as PES_packet_data_bytes.
For PES packetization no specific data alignment constraints apply. For synchronization PTSs and, when appropriate,
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DTSs are encoded in the header of the PES packet that carries the ISO/IEC 14496 elementary stream data; for PTS and
DTS encoding the same constraints apply as for ISO/IEC 13818 elementary streams. See Table 2-152 for an overview of

how to carry individual ISO/IEC 14496 streams within a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream.

Table 2-152 — Carriage of individual ISO/IEC 14496 streams in Rec. ITU-T H.222.0 | ISO/IEC 13818-1

ISO/IEC 14496-2 visual Carriage in PES packets Stream_type = 0x10 Stream_id = '1110 xxxx'
ISO/IEC 14496-3 audio Carriage in PES packets Stream_type = 0x11 Stream_id = "110x Xxxx'

If aPTS or DTS is present in the PES packet header it shall refer to the visual object that follows either the first VOP start
code or the first still texture object startcode that commences in the PES packet. Each ISO/IEC 14496-2 video stream
carried by Rec. ITU-T H.222.0 | ISO/IEC 13818-1 shall contain the information required to decode the ISO/IEC 14496-2
vide§ Stream,; consequently, ideo

Object Layer Headers.

In the case of an ISO/IEC 14496-3 elementary stream signalled by a stream_type value of 0x11, before PES packetizption
the eJementary stream data shall be first encapsulated in the LATM transport syntax defined in ISO/IEC 14496-3. In|such
a cade, if a PTS is present in the PES packet header it shall refer to the first audio frame that follows the first syncword

that commences in the payload of the PES packet.

In the case of an ISO/IEC 14496-3 elementary stream signalled by a stream_type value of Ox1C, the first byte of|each
audig frame shall be the first byte of the payload of a PES packet; prior to PES packetization no encapsulation i any
addifional transport syntax shall be applied. An audio frame from an ISO/IEC 14496-3 elemientary stream signalled by a
strean_type value of 0x1C may be fragmented for carriage in multiple PES packets.' In the PES packet headef the
data [alignment_indicator shall be set to '1' in each PES packet that carries a complete such audio frame or the] first
fragment thereof. The data_alignment_indicator shall be set to '0' for PES packets carrying subsequent (non-first)

fragments of an audio frame.

Carrlage of individual ISO/IEC 14496-2 and ISO/IEC 14496-3 elementary-streams in PES packets shall be identifi¢d by

apprppriate stream_id and stream_type values, indicating the use of\ISO/IEC 14496-2 Visual or 14496-3 Audip.

In

addifion, such carriage shall be signalled by the MPEG-4_video descriptor or MPEG-4_audio descriptor, respectijvely.
These descriptors shall be conveyed in the descriptor loop for thetespective elementary stream entry in the Program|Map
Tablg in case of a transport stream or in the Program Stream Map, when present, in case of a program stream. Rec. ITU-T
H.222.0 | ISO/IEC 13818-1 does not specify presentation ef1SO/IEC 14496-2 and ISO/IEC 14496-3 elementary strpams

in the context of a program.

Carrfage of an individual ISO/IEC 14496-17 text stteams in PES packets shall be identified by appropriate stream_i¢l and

strean_type values, indicating the use of ISO/IEC-14496-17 text.

2.11)2.2 STD extensions for individual ISO/IEC 14496 elementary streams

The T-STD model includes a transport-buffer TB, and a multiplex buffer B, prior to decoding of each individual ISQ/IEC
14496 elementary stream n. Note.that in the T-STD the single multiplex buffer By is also applied for ISO/IEC 14496-2
videg, as indicated in Figure 2-6,\instead of the approach with two buffers MB, and EB, used for ISO/IEC 13818-2 yideo

in the T-STD. For buffers TBy and B, and the rate Rx, between TB, and B the following constraints apply.
| Tramsportstream | ________________. S ,
QR ) | Sl | | M ORI |
l A0) Video Ci(k)
/,f‘ \C\D\ T8, RX, E td,(j) D, tc lé:)\o_
; \ Q

T O \ A() _Audio C,(k)
| ithbyteof | RX, B, : 4,0 I D, tey(k)

transport stream

H.222.0(23)_F2-6

Figure 2-6 — T-STD model extensions for individual ISO/IEC 14496 elementary streams
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For garriage of an ISO/IEC 14496-3 audio stream the following applies.

ISO/IEC 13818-1:2023

In case of carriage of an ISO/IEC 14496-2 stream:

Size BS, of Buffer By:

BSh = BSmux + BSon + VBVmax[profile,level]

where:

BS,n, packet overhead buffering, is defined as:

BSon = (1/750) seconds x max{Rmax[profile,level], 2 000 000 bit/s}
and:

BSmux, additional multiplex buffering, is defined as:

BSmux = 0.004 seconds x max{Rmax[profile,level], 2 000 000 bit/s}
Rate Rxn:

Rxn = 1.2 x Rmax[profile,level]

where:

VBVma[profile,level] and Rmax[profile,level] are defined in ISO/IEC 14496-2 for each profile and
For profiles and levels for which no VBVmax value is specified, the size of (B, and the rate Rx, are
defined.

Size BS, of Buffer By, whereby BS, = BSmux + BSgec + BSon:
For ISO/IEC 14496-3 audio, except for ISO/IEC 14496-3 DST, ALS and SLS:
BS, = 3584 bytes if 1-2 channels

Here, the size of the access unit decoding buffer BSqec, and the PES packet overhead buffer
are constrained by: BSgec + BSon < 2848 bytes; a portion (736 bytes) of the 3584 byte buf
allocated for buffering to allow multiplexing. The rest, 2848 bytes, are shared for access
buffering BSgec, BSon and additional multiplexing.

BS, = 8976 bytes if 3-8 channels
BS, = 12804 bytes if 9-12 channels
BS, = 51216 bytes if 13-48-charinels
For ISO/IEC 14496-3 DST-64,.ALS and SLS audio:
if number of audio,channels <= 8 then BS, = 1 600 000 bytes,
else BS, =-200°000 x (number of audio channels) bytes.
For ISO/IEC 1449643 DST-128 audio:
BS: = 400-000 x (number of audio channels) bytes.
For ISO/MIEC 14496-3 DST-256 audio:
BSi= 800 000 x (number of audio channels) bytes.
Rate Rx:
For ISO/IEC 14496-3 audio, except for ISO/IEC 14496-3 DST, ALS and SLS:
Rxn =2 000 000 bit/s if 1-2 channels

evel.
user

BSoh
fer is
unit

Ry —LCE290 6800 Khitlc 1f2 O ~rhannalc
T oo o Craritts

LA vA) OO I OUYT

Rxn = 8 294 400 bit/s if 9-12 channels
Rx, =33 177 600 bit/s if 13-48 channels
For ISO/IEC 14496-3 DST-64, ALS and SLS audio:
if number of audio channels <= 8 then Rx, = 30 000 000 bit/s,
else Rx, =120 000 000 bit/s.
For ISO/IEC 14496-3 DST-128 and DST-256 audio:
Rx, = 120 000 000 bit/s.
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The P-STD model includes a multiplex buffer B, prior to decoding of each individual 1SO/IEC 14496 elementary
stream n. The size BS, of buffer B, in the P-STD is defined by the P-STD_buffer_size field in the PES packet header.

2.11.3  Carriage of audiovisual ISO/IEC 14496-1 scenes and associated I1SO/IEC 14496 streams
2.11.3.1 Introduction

This clause describes the encapsulation and signalling when an audiovisual scene represented by ISO/IEC 14496 data is
carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program stream or transport stream. ISO/IEC 14496 content consists
of the initial object descriptor and a variable number of streams such as object descriptor streams, scene description
streams (carrying either BIFS-Command or BIFS-Anim access units), IPMP streams, OCI streams and audiovisual
streams. Each of the ISO/IEC 14496 streams shall be contained in an SL-packetized stream and may optionally be
multiplexed into a M4Mux stream, both defined in ISO/IEC 14496-1. For carriage in Rec. ITU-T H.222.0 |
ISO -T program Stream Of transport stream, tese SL-pacKetized streams an UX streams shall coptain
encofled Object Clock Reference (OCR) and M4Mux Clock Reference (FCR) fields as specified in 2.11)3.4 and

Additionally, an ISO/IEC 14496 audiovisual scene may refer to non SL-Packetized stféams carried ip an
Rec.|/ITU-T H.222.0 | ISO/IEC 13818-1 transport stream using a "pid://PID_NUMBER" URL’scheme instead|of a
"od:#OD_ID" URL scheme.

ISO/JEC 14496 streams may derive their time base from the PCR of the program through.the OCR_ES_ID mechan|sm.

2.11{3.2 Assignment of ES_ID values

An ISO/IEC 14496-1 scene carried over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream may associate a number of
ISO/NJEC 14496, ISO/IEC 13818 and other streams by the use of the ES-}D parameter. The scene and the assocjated
streains may be carried over the same Rec. ITU-T H.222.0 | ISO/IEC/13818-1 stream, but a scene may also refefence
streams carried elsewhere, for example over an IP network. How to.identify such other means is not defined ir this
Spedification.

ISONEC 14496-1 defines name scoping rules for identifiers. These rules allow the same ES_ID value to be used fof two
diffefent streams within ISO/IEC 14496 content. When ene or multiple 1SO/IEC 14496-1 scenes are carried|in a
Rec.|[ITU-T H.222.0 | ISO/IEC 13818-1 Program, duplicate ES_ID values shall not occur within the program such that
each| ISO/IEC 14496 SL-packetized stream or ISO/IEC 14496-1 M4Mux channel has a unique ES_ID value if the
progfam.

2.11]3.3 Timing of ISO/IEC 14496 scenes:ahd associated streams

Wheh carried over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the object time base of each ISO/IEC 14496 stream
shall{be locked to the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 STC, that is:

If X(t) = fstc(t)/Fobject(t)
thenthe value of X(t) shall be_constant at any time t.
whetle:
fs(t) denotes the intended frequency of the STC at time t, i.e., 27 000 000 Hz
fonjéct(t)  denotes the frequency of the object time base at time t

The pbjecttime base of ISO/IEC 14496 streams carried over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream is coneyed
as follows;

shall be conveyed by coded OCRs in the SL packet header of that 2.11.3.4.
—  The object time base of SL-packetized streams carried in PES packets within a M4Mux stream shall be

conveyed by FCRs in that M4Mux stream. See 2.11.3.5. Consequently, all ISO/IEC 14496 streams
contained within the same M4Mux stream share the same object time base.

stream. See

—  The object time base of an SL-packetized stream carried in sections shall be conveyed by another ISO/IEC
14496 stream within the transport stream or program stream as indicated by the OCR_ES_ID field in the
ES descriptor for that stream.

—  The object time base of an SL-packetized stream whose OCR_ES_ID identifies a non SL-packetized
stream with a PID equal to the PCR PID is fstc(t) / 300
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The following constraints shall apply for encoding of OCRs and FCRs in SL-packetized streams and M4Mux streams
carried over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream:

—  The OCRs and FCRs in each SL-packetized stream and each M4Mux stream associated with the same
scene shall have the same resolution.

—  The resolution of OCRs and FCRs for a scene, fer, shall have a value smaller than or equal to 90 000 Hz.

—  The ratio (f«(t)/300)/f.r, shall be an integer value larger than or equal to one. Consequently the resolution
of the OCR and FCR syntax elements may only take values such as 90 000 Hz, 45 000 Hz, 30 000 Hz,
22 500 Hz, 18 000 Hz, etc.

Within the above constraints and the ISO/IEC 14496-1 constraint that the resolution f., shall represent an integer number
of cycles per second, . can be selected as appropriate for the scene.

The |SO/IEC 14496 time stamps coded in the SL packet header shall refer to instants of the object time base of the.stfeam
carripd in the SL packet. The resolution of each such time stamp shall be of a factor 2% smaller than the resolution-qf the
OCRs or FCRs associated with the stream, with k a positive integer larger than or equal to zero. To achieve’the fame
wrag around, the length of the time stamp fields, TimeStampLength, shall be k bit smaller than the length.0f'the OCR or
FCR| field, OCRLength and FCRLength, respectively. Hence for each stream the following conditions shall apply for
encofling of time stamps:

—  TimeStampResolution = (OCRResolution or FCRResolution respectively)/2%, with k a positive infeger
larger than or equal to zero. ISO/IEC 14496-1 requires TimeStampResolution to represent an infeger
number of cycles per second.

—  TimeStampLength = OCRLength or FCRLength respectively — k.

For $L-packetized streams inheriting their object time base from the PCR PID, the\following considerations apply:
—  TimeStampResolution = 90000 / 2k, with k a positive integer/larger than or equal to zero.

—  TimeStampLength = 33-k.

For $L-packetized streams carrying an OCR, the relationship between:a value of the STC and the corresponding valpie of

the dbject time base of a stream is established by associating PTS fields in PES packet headers with the OCR or F¢R in
SL ppcket headers and M4Mux Stream packets respectively, as.specified in 2.11.3.6 and 2.11.3.7.

For $L-packetized streams inheriting their time base from the PCR, the object time base of such a stream is fs(t) / $00.

2.11{3.4 Delivery timing of SL-packetized streams

To cprry ISO/IEC 14496 content in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, ISO/IEC 14496-1 SL-packetized
streams are used. In each SL-packetized.Stream carried in a PES packet without the use of M4Mux] the
obje¢tClockReference field shall be encodéd as follows:

1) An objectClockReferenee (OCR) field shall be present in the first SL packet header of a SL-packetized
stream.

2) The SL-packetized stream shall be constructed such that the time interval between the bytes containing the
last bit of successive OCR fields shall be less than or equal to 0.7 s. Thus:

it(i") —t(i")| <=0.7s

for\all'i’ and i” where i' and i” are the indexes of the bytes containing the last bit of consecutive OCR flields
inthe SL-packetized stream.

If an|objectClockReference is encoded in an SL packet header, also the instantBitrate field shall be coded.

211:‘\!‘ Peal +i H £ NAANA &
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Next to SL-packetized streams also the ISO/IEC 14496-1 M4Mux tool may be used to carry ISO/IEC 14496 content in
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams. The payload of M4Mux packets shall consist of SL packets as specified
in ISO/IEC 14496-1. In each M4Mux stream carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream the
fmxClockReference field shall be encoded as follows:

1) An fmxClockReference (FCR) field shall be present in the first M4Mux packet of a M4Mux stream.

2) The M4Mux stream shall be constructed such that the time interval between the bytes containing the last
bit of successive FCR fields shall be less than or equal to 0.7 s. Thus:

It(i") —t(i")| <=0.7s
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2.11.

for all i and i” where i’ and i” are the indexes of the bytes containing the last bit of consecutive FCR fields

in the M4Mux stream.

3) Al ISO/IEC 14496 time stamps within the SL-packetized streams carried within a M4Mux stream
refer to instants of the object time base conveyed by the FCR fields in the M4Mux stream.

shall
The

SL-packetized streams carried in M4Mux packets need not carry OCR fields. If OCR fields are present,

they may be ignored.

3.6 Carriage of SL-packetized streams in PES packets

A single ISO/IEC 14496-1 SL-packetized stream may be mapped into a single PES stream. One and only one SL packet
from an SL-packetized stream shall constitute the payload of one PES packet. PES packets that carry an SL-packetized
stream shall be identified by stream_id = OxFA in the PES packet header.

Whe|
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to th

The

211
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head
packl
packl
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h an OCR field is coded in the SL packet header, a PTS shall be encoded in the header of the PES packet that,c
SL packet header. This PTS shall be encoded with the 33-bit value of the 90-kHz portion of the STC that corresp
b value of the object time base at the instant in time indicated by the OCR.

ES_ID associated with the SL-packetized stream shall be signalled by an SL descriptor as specified in‘2.6.46.

3.7 Carriage of M4Mux streams in PES packets

rries
onds

br. An integer number of M4Mux packets shall constitute the payload of one PES packet; i.e., the payload of

packets with a payload consisting of M4Mux packets shall be identified by stream_id.= OxFB in the PES qcket

PES

bt carrying a M4Mux stream shall start with a M4Mux packet header and shall end\with the last byte of a M4Mux

et

fmxClockReference (FCR) field is encoded in one of the M4Mux packets«contained in a PES packet, then a
be encoded in the header of the PES packet that contains such M4Mux-packet. This PTS shall be encoded wit

PTS
h the

t value of the 90-kHz portion of the STC that corresponds to the value0f the object time base of the M4Mux stfeam

P instant in time indicated by the FCR. In case multiple M4Mux packets with an encoded FCR field are contain
S packet, the PTS shall correspond to the time indicated by the FER'in the first such M4Mux packet encounten
ayload of the PES packet.

ES 1Ds associated with each SL-packetized stream conveyed in the M4Mux stream shall be signalled by an
iptor as specified in 2.6.44.

3.8 Carriage of SL packets and M4Mux packets in sections

ed in
ed in

MC

For transport of ISO/IEC 14496 content in sections; 1ISO_IEC 14496 _sections are defined. Any ISO/IEC 14496 styeam

may pe carried over ISO_IEC_14496_sections{A'single ISO_IEC 14496 section shall contain either an entire SL p
of ar} SL-packetized stream or an integer qumber of M4Mux packets each carrying an SL packet of the same 1SO
14496-1 elementary stream.

Tablg 2-153 shows the syntax of (SO _IEC 14496 sections defined to convey ISO/IEC 14496-1 elementary strg
qualified by the table_id as either object descriptor stream data, scene description stream data or any other ISO/IEC 1
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In data. Object descriptgrstream data consists of an Object Descriptor Table that comprises a number of o
iptors. The Object Déscriptor Table may be transmitted in multiple ISO_IEC_14496_sections. Scene descri
consists of a Scene Oescription Table that may comprise a number of BIFS commands. The Scene Description 7
be transmitted invmultiple 1ISO_IEC_14496_sections. It is not required that a complete table be received in org
bss its payload, However, the payload of sections shall be processed in the correct order, as indicated by the val
bction_number field in the ISO_IEC 14496 _section header bytes. Other ISO/IEC 14496 stream data consists
EC 14496-table. The ISO/IEC 14496 table may be transmitted in multiple ISO_IEC_14496_sections.
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Table 2-153 — Section syntax for transport of ISO/IEC 14496 stream

Syntax No. of bits | Mnemonic
ISO_IEC_14496_section() {
table_id 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bslbf
reserved 2 bslbf
ISO_IEC_14496_section_length 12 uimsbf
table_id_extension 16 uimsbf

reserved bslbf

tablg
indig
an 19
1SO |

secti
priv
I1SO|
imm
of th

tablg
user.

vers
Tabl

2
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8
if (PMT_has_SL_descriptor(current_PID)) {

SL_Packet()

uimsbf

}
else if (PMT_has_FMC_descriptor(current_PID)) {

for (i=1;i <NI1;i++)

M4MuxPacket()
}
else {
for (i=1;i <N2;i++)
reserved 8 bslbf
}
CRC_32 32 rpchof

}

_id — This 8-bit field shall be set to 0x04, 0x05, 0r0x08, in case of an ISO_IEC_14496_section. A value of
ates an ISO_IEC_14496_section that carries anASO/IEC 14496-1 scene description stream. A value of 0x05 indi

IEC_14496_section that carries other ISQ/IEC 14496 streams.
bn_syntax_indicator — This 1-bit field-shall be set to '1".
hte_indicator — This 1-bit field-Shall not be specified by this Specification.

| IEC_ 14496 section_length » This 12-bit field shall specify the number of remaining bytes in the se
pdiately following the ISO )IEC 14496 section_length field up to the end of the ISO_IEC_14496_section. The
s field shall not exceed2093 (OxFFD).

id_extension < This 16-bit field shall not be specified by this Specification; its use and value are defined b

on_number— This 5-bit field shall represent the version number of the Object Descriptor Table or Scene Descri

b respectively. The version number shall be incremented by 1 modulo 32 with each new version of the table. Ve

Px04
Cates

bO_IEC_14496_section that carries an ISO/IEC 14496-1 object descriptor stream. A value of 0x08 indicat¢s an

Ction
alue

y the

btion
Fsion

contlol iS\at'the discretion of the application.

current=

section_number — This 8-bit field shall represent the number of the ISO_IEC_14496_section. The section_number field
of the first ISO_IEC_14496_section of the Object Descriptor Table or the Scene Description Table shall have a value

equa

I to 0x00. The value of section_number shall be incremented by 1 with each additional section in the table.

last_section_number — This 8-bit field shall specify the number of the last section of the Object Descriptor Table or

Scen

e Description Table of which this section is a part.

PMT_has_SL_descriptor(current_PID) — A pseudo function that shall be true if an SL descriptor is contained in the
descriptor loop in the Program Map Table for the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program element that conveys

this |

SO_IEC 14496 _section.

SL_Packet() — A sync layer packet as specified in 10.2.2 of ISO/IEC 14496-1.
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PMT_has FMC_descriptor(current_PID) — A pseudo function that shall be true if an FMC descriptor is contained in
the descriptor loop in the Program Map Table for the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program element that
conveys this ISO_IEC_14496_section.

M4MuxPacket() — A M4Mux packet as specified in 7.4.2.4 of ISO/IEC 14496-1.

CRC_32 - This 32-bit field shall contain the CRC value that gives a zero output of the registers in the decoder defined
in Annex A after processing the entire ISO_IEC_14496_section.

2.11.3.9 T-STD extensions

2.11.3.9.1 T-STD Model for 14496 content

Figure 2-7 shows extensions of the Transport System Target Decoder for delivery of ISO/IEC 14496 program elements
encapsulated in Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport streams.

_________________

I
' Transport stream
i demultiplexing
1

A

,,,,,,,,,,,,,,,,,

i-th byte of
transport stream

A0
td,(j) C, (k)
tc, (k)
H.222.0(23)_F2-7

Figure-2-7 — T-STD model for ISO/IEC 14496 content

The following notation is used-in Figure 2-7 and its description:

TBy,_Cis)the transport buffer.

MB, is the multiplex buffer for M4Mux stream n or for SL-packetized stream n.

FBnp is the M4Mux buffer for the elementary stream in M4Mux channel p of M4Mux stream n.
DBy, is the decoder buffer for the elementary stream in M4Mux channel p of M4Mux stream n.
DB, isthe decoder buffer for elementary stream n.

n”F is the decoder for the. plnmnnmry stream-in MA4Mux channel ] of MA4Mux stream-n

D, isthe decoder for elementary stream n.
Rxn is the rate at which data are removed from TB,.
Rbx, is the rate at which data are removed from MB;.

Anp(j) is the jth access unit in elementary stream in M4Mux channel p of M4Mux stream n. Anp(j) is
indexed in decoding order.

An(j) is the jth access unit in elementary stream n. Aq(j) is indexed in decoding order.

Tdnp(j) is the decoding time, measured in seconds, in the system target decoder of the jth access unit in
elementary stream in M4Mux channel p of M4Mux stream n.
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Tdn(j) is the decoding time, measured in seconds, in the system target decoder of the jth access unit in
elementary stream n.

Cnp(k) is the kth composition unit in elementary stream in M4Mux channel p of M4Mux stream n.
Cnp(K) results from decoding Anp(j). Cnp(K) is indexed in composition order.

Cn(k) is the kth composition unit in elementary stream n. C,(K) results from decoding Ax(j). Cn(k) is
indexed in composition order.

tcnp(K)  is the composition time, measured in seconds, in the system target decoder of the kth composition
unit in elementary stream in M4Mux channel p of M4Mux stream n.

ten(k) is the composition time, measured in seconds, in the system target decoder of the kth composition
unit in elementary stream n.

EYAAY HZ=v= H +. thao tinag 1o ndeatdbiekh-tha tilh byt Filo troncnart ot m-antara-th. atana-t t
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decoder.

2.11{3.9.2 Processing of M4Mux streams

Complete transport stream packets containing data from M4Mux stream n are passed to the transport duffer for M4Mux
stream n, TB,. The size of TB, is fixed at 512 bytes. All bytes that enter TB, are removed from TB,, at'arate Rxy, spegified
by te TB_leak rate field in the MultiplexBuffer descriptor associated with M4Mux stream n. WWhen there is no data in
buffer TB,, rate Rx, is equal to zero. Duplicate transport stream packets are not delivered to MB;.

In cgse of carriage in PES packets, the PES packet header and payload data bytes are delivered to buffer MBy; all pther
byte$ leaving TB, do not enter MB,, and may be used to control the system. In case of carriage in
ISO |IEC 14496 _sections, the section header, payload and CRC-32 data bytes are deliyered to buffer MBy; all other bytes
do npt enter MB,, and may be used to control the system. In either case, theksize of MB, shall be specified by the
MB |buffer_size field in the MultiplexBuffer descriptor.

The M4Mux Stream packet bytes in buffer MB, are all delivered to theifassociated M4Mux buffer at the rate spegified
by the field fmxRate encoded in the M4Mux stream and in compliange with the M4Mux buffer model defined in 1j1.2.9
of ISO/IEC 14496-1. Only M4Mux packet payload data bytes in M4iviux channel p of M4Mux stream n enter buffer FBp.
M4Mlux packet header bytes in M4Mux channel p of M4Mux stream n are discarded and may be used to contrdl the
systdm. The rate specified by the fmxRate field shall be applicable for all M4Mux packets in the stream immedifately
following the M4Mux Clock Reference channel packet upito the next encountered M4Mux Clock Reference channel
packet. When there is no M4Mux stream data present in V1B, no data is removed from MB,. Bytes from the PES pgcket
headgr or from the ISO_IEC_14496_section header-that immediately precede a M4Mux header are instantane¥usly
remdved and discarded and may be used to control the system. Bytes from the ISO_IEC_14496_section CRC-32 fields
that immediately follow the last M4Mux Stream packet in the section payload are removed instantaneously and discarded
and may be used to verify the integrity of thé\data. Bytes from the M4Mux Clock Reference channel are instantane]»usly

remdved and discarded and may be used.to-tock the ISO/IEC 14496 object time base to the STC. When there is no|PES
packet or section payload data bytes, respectively present in MB,, no data is removed from MB,.. All data that enters|MB,
leavés it. All PES packet payload hytes of stream n enter the M4Mux demultiplexer instantaneously upon leaving MIB,.

2.1113.9.3 Definition of M4Mux Buffer, FBnp

For gach channel p of a‘M4Mux stream n, the size of M4Mux buffer FBy, is defined using the M4MuxBuffe[Size
descfiptor. M4Mux packet payload bytes are transferred from buffer FBy, to decoder buffer DBy, in compliance with the
M4Mux buffer model defined in 11.2.9 of ISO/IEC 14496-1. Only SL packet payload bytes in M4Mux channel|p of
M4Mlux stream_n'énter buffer DBy,. The SL packet header bytes in M4Mux channel p of M4Mux stream n are discarded
and ay be used,to control the system.

2.113.94 Y Processing of SL-packetized streams

9 ava ea-Ba aYat & a-data =S 54 d T 9 54 d-to 3 a¥a buffe SL_
packetized stream n, TB,. All bytes that enter TB, are removed at a rate Rx,, specified by the TB_leak_rate field in the
MultiplexBuffer descriptor. When there is no data in buffer TB,, rate Rx, is equal to zero. Duplicate transport stream
packets are not delivered to MB,.

In case of carriage in PES packets, the PES packet header and payload data bytes are delivered to buffer MBy; all other
bytes leaving TB, do not enter MB, and may be used to control the system. In case of carriage in
ISO_IEC 14496_sections, the section header, payload and CRC-32 data bytes are delivered to buffer MBy; all other bytes
do not enter MB, and may be used to control the system. In either case the size of MB,, is specified by the MB_buffer_size
field in the MultiplexBuffer descriptor.

The SL-packetized stream bytes in buffer MB,, are all delivered to the decoder buffer DB, at the rate specified by the field
instantBitRate encoded in the SL-packetized stream and in compliance with the System Decoder Model defined in 7.4 of
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ISO/IEC 14496-1. The rate specified by the instantBitRate field shall be applicable for all data bytes in the SL-packetized
stream immediately following the instantBitRate field in the SL packet header up to the next encountered instantBitRate
field. If there are no SL-packetized stream bytes in MB,, no bytes are removed from MB;. Bytes from the PES packet
header or from the ISO_IEC_14496_section header that immediately precede a SL packet header are instantaneously
removed and discarded and may be used to control the system. Bytes from the ISO_IEC 14496 section CRC-32 fields
that immediately follow the last SL packet payload byte in the section are removed instantaneously and discarded and
may be used to verify the integrity of the data. When there are no PES packet or section payload data bytes, respectively
present in MB,, no data is removed from MB,. All data that enters MB,, leaves it. All PES packet payload bytes of stream
n enter buffer DB, instantaneously upon leaving MB,, with the exception of the SL packet headers. Bytes from the SL
packet headers do not enter DB, and may be used to control the system. The size of decoder buffer DB, is given by the
bufferSizeDB of the DecoderConfigDescriptor defined in ISO/IEC 14496-1.

£f t
2.11 3-:9-5-Butfermanagerment

Trangport streams shall be constructed so that conditions defined in this subclause are satisfied.

TB, phall not overflow and shall be empty at least once every second. MB;, shall not overflow. FB, shall-not overflow.
DB, and DB, shall neither underflow nor overflow. Underflow of DBy, occurs when one or more bytes of ‘an accesg unit
are njot present in DBy, at the decoding time associated with this access unit. Underflow of DB, occurs when one or more

bytes of an access unit are not present in DB, at the decoding time associated with this access unit.
2.1143.10 Carriage within a transport stream

2.11]3.10.1 Overview

A trgnsport stream may contain one or more programs, each described by a Program™ap Table. ISO/IEC 14496 coptent
can Ipe conveyed in addition to the already defined stream types for such a program. Elements of the ISO/IEC 14496
cont¢nt may be conveyed in one or more Rec. ITU-T H.222.0 | ISO/IEC A3818-1 program elements referenced|by a
unigyie PID value within a transport stream. As a special case, it is possible that a program within a transport stfeam
consjsts only of ISO/IEC 14496 program elements. ISO/IEC 14496 content associated with a program and carried ip the
trangport stream shall be referenced in the Program Map Table of thatprogram. An initial object descriptor shall be|used

Carrfage of ISO/IEC 14496 content in a PID is signalled by-a.stream_type value of 0x12 or 0x13 in the Program|Map
in association with that PID value. A value of Ox12shdicates carriage in PES packets. The stream_id field ip the
PES|packet header signals whether the PES packet centains a single SL packet or a number of M4Mux packefs. A
_type value of 0x13 in the Program Map Table*indicates that the program element carries an object descriptor
or a BIFS-Command stream contained in sections. In this case the table_id in the section header indicates whether

ISO/JJEC 13818-1 program element that\carries the sections. When ISO/IEC 14496 content is carried, the SL desciiptor
and fhe FMC descriptor shall specify)the ES_ID for each encapsulated ISO/IEC 14496 stream. When the assignmgnt of
ES_ID values changes, the Programi Map Table shall be updated and the version_number of the PMT shall be incremgnted
by 1|modulo 32. An exampl€ of a content access procedure for ISO/IEC 14496 program components within a trangport
stream is given in Annex R:

Table2-154 — ISO/IEC defined options for carriage of an ISO/IEC 14496 scene and
associated streams in Rec. ITU-T H.222.0 | ISO/IEC 13818-1

ISYIEC 14496-1

Encapsulation in
SL packets

Carriage in PES packets

Stream_type = 0x12

Stream_id ='1111 1010

Carriage in ISO_IEC _
14496 sections

Stream_type = 0x13

Table_id = 0x05

object descriptor
streams

Encapsulation in

SL packets followed by
Multiplex into M4Mux
packets

Carriage in PES packets

Stream_type = 0x12

Stream_id ='1111 1011

Carriage in ISO_IEC_
14496 _sections

Stream_type = 0x13

Table_id = 0x05

ISO/IEC 14496-1
scene description
streams

Encapsulation in
SL packets

Carriage in PES packets

Stream_type = 0x12

Stream_id ='1111 1010'

Carriage in ISO_IEC_
14496 _sections

Stream_type = 0x13

Table_id = 0x04

Encapsulation in

SL packets followed by
Multiplex into M4Mux
packets

Carriage in PES packets

Stream_type = 0x12

Stream_id ='1111 1011

Carriage in ISO_IEC_
14496_sections

Stream_type = 0x13

Table_id = 0x04
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Table 2-154 — ISO/IEC defined options for carriage of an ISO/IEC 14496 scene and
associated streams in Rec. ITU-T H.222.0 | ISO/IEC 13818-1

All other ISO/IEC | Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream_id ='1111 1010’
14496 streams SL packets
Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream_id ='1111 1011

SL packets followed by
Multiplex into M4Mux
packets

2.11.

3.10.2  Initial Object Descriptor

In case of carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496-1 initial object descriptor serves as the Initial a

poin
desc

to all associated streams. The initial object descriptor shall be conveyed in the 10D descriptor located-i
iptor loop immediately following the program_info_length field in the Program Map Table of the progranyto

the scene is associated. It contains ES_Descriptors identifying the scene description and object descriptor .Streamg

form
Iden

2.11
Figu

The

part of this program. It may also contain ES_Descriptors identifying one or more associated IPMP.or OCI stre
ification of streams is done by means of ES_IDs as specified in clauses 7.2.1 and 7.2.6.5 of ISOHEC 14496-1.

3.11 P-STD Model for 14496 content

e 2-8 shows the STD model when ISO/IEC 14496 systems data are carried in a progfam’stream.

_________________
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Figure 2-8 — P-STD model for ISO/IEC 14496 Systems stream

following notation is used in Figure 2-8 and its description:

tcess

the
hich
that
ams.

B, is the input buffer for M4Mux stream n or for SL-packetized stream n.

FBrp 15 The MZMUX buffer for the efementary Stream n VIZVITX channet p of VIZVIOX Stream 1.
DB is the decoder buffer for the elementary stream in M4Mux channel p of M4Mux stream n.
DB, isthe decoder buffer for elementary stream n.
Dnp is the decoder for elementary stream in M4Mux channel p of M4Mux stream n.
D, isthe decoder for elementary stream n.

Anp(j) is the jth access unit in elementary stream in M4Mux channel p of M4Mux stream n. Any(j) is

indexed in decoding order.
An(j) is the jth access unit in elementary stream n. Aq(j) is indexed in decoding order.

Tdnp(j) is the decoding time, measured in seconds, in the system target decoder of the jth access unit in

elementary stream in M4Mux channel p of M4Mux stream n.
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Tdn(j) is the decoding time, measured in seconds, in the system target decoder of the jth access unit in
elementary stream n.

Cnp(k) is the kth composition unit in elementary stream in M4Mux channel p of M4Mux stream n.
Cnp(K) results from decoding Anp(j). Cnp(K) is indexed in composition order.

Cn(k) is the kth composition unit in elementary stream n. Cy(k) results from decoding Ax(j). Cn(k) is
indexed in composition order.

tenp(k)  is the composition time, measured in seconds, in the system target decoder of the kth composition
unit in elementary stream in M4Mux channel p of M4Mux stream n.

tea(k) is the composition time, measured in seconds, in the system target decoder of the kth composition
unit in elementary stream n.

f(i) indicates the time in secands at which the ith hyfn of the program stream ontors the cycfnm t rget

decoder.

2.11f3.11.1  Processing of M4Mux streams

At the input of the STD each byte in the payload of PES packets carrying a M4Mux stream n is transferred-instantanegusly
to buffer B,. The i-th byte enters B, at time t(i). PES packet header bytes do not enter buffer B, and may be used to cantrol
the system. The size of B, is specified by the P-STD_buffer_size field in the header of the PES packet that carries stream
n.

The M4Mux stream packet bytes in buffer B, are all delivered to their associated M4Mux buffer at the rate specifigd by
the fleld fmxRate encoded in the M4Mux stream and in compliance with the M4Mux-buffer model defined in 7.4.4.9 of
ISONEC 14496-1. Only M4Mux packet payload data bytes in M4Mux channel p of:M4Mux stream n enter buffer FByp.
M4Mlux packet header bytes in M4Mux channel p of M4Mux stream n are discarded and may be used to contrdl the
systdm. The rate specified by the fmxRate field shall be applicable for all M4Mux packets in the stream up to the|next
encopntered M4Mux Clock Reference channel packet. Bytes from ,thé M4Mux Clock Reference channe| are
instahtaneously removed and discarded and may be used to lock the ISO/IEC 14496 object time base to the STC. When
therd is no PES packet payload data present in By, no data is removed.from B,. All data that enters B, leaves it. All|PES
packgt payload bytes of stream n enter the M4Mux demultiplexer instantaneously upon leaving Bn.

2.11]3.11.2  Definition of M4Mux Buffer, FBnp

For gach channel p of a M4Mux stream n, the size of M4Mux buffer FB,, is defined using the M4MuxBuffe[Size
descfiptor if a Program Stream Map is present in the program stream. M4Mux packet payload bytes are transferred [from
buffgr FB,, to decoder buffer DB,, in compliance with the M4Mux buffer model defined in 7.4.2.9 of ISO/IEC 14496-1.
Only| SL packet payload bytes in M4Mux channel p of M4Mux stream n enter buffer DB,,. The SL packet header bytes
in MBMux channel p of M4Mux stream n are.discarded and may be used to control the system

2.11]3.11.3  Processing of SL-packetized streams

At the input of the STD each byte™in the payload of PES packets carrying an SL-packetized stream n is transfgrred
instantaneously to buffer B,. The i-th byte enters B, at time t(i). PES packet header bytes do not enter buffer B, and may
be uged to control the system¢ The size of B, is specified by the P-STD_buffer_size field in the header of the PES pgcket
that farries stream n. The Sk-packetized stream bytes in buffer B, are delivered to the decoder buffer DB, at thq rate
specified by the field instantBitRate encoded in the SL-packetized stream and in compliance with the System Deg¢oder
Modgl defined in 7,1%4.1 of ISO/IEC 14496-1. The rate specified by the instantBitRate field shall be applicable for all
data [bytes in the Sl<-packetized stream up to the next encountered instantBitRate field. When there is no PES packet
payldad data present in Bn, no data is removed from B,. All data that enters B, leaves it. All bytes of stream n enter buffer
DB, JinstantaneoUsly upon leaving By, with the exception of the SL packet headers. Bytes from the SL packet headeys do
not énter<DBy and may be used to control the system. The size of decoder buffer DB, is given by the bufferSizeDB gf the
DecqderConfigDescriptor defined in ISO/IEC 14496-1.

2.11.3.11.4  Buffer management

Program streams shall be constructed so that B, does not overflow. FBy, shall not overflow. DBy, and DB, shall neither
underflow nor overflow. Underflow of DBy, occurs when one or more bytes of an access unit are not present in DB, at
the decoding time associated with this access unit. Underflow of DB, occurs when one or more bytes of an access unit
are not present in DB, at the decoding time associated with this access unit.

2.11.3.12 Carriage within a program stream

2.11.3.12.1  Overview

A program stream contains only one program. ISO/IEC 14496 data can be conveyed in addition to the already defined
stream types for such a program. As a special case, it is also possible that a program stream carries only ISO/IEC 14496
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data. If a Program Stream Map is present, ISO/IEC 14496 content carried in the program stream shall be referenced as
follows. Carriage of ISO/IEC 14496-1 scenes and associated ISO/IEC 14496 streams in SL and M4Mux packets is
indicated by the appropriate stream_id and by an initial object descriptor; the use of this descriptor is specified
in 2.11.3.12.2. For each carried ISO/IEC 14496 stream the SL descriptor and the FMC descriptor shall specify the ES_ID.
When the assignment of ES ID values changes, the Program Stream Map, if present, shall be updated and the
program_stream_map_version shall be incremented by 1 modulo 32. Note that in a Program Stream the ISO/IEC 14496
content may also be referenced by private means.

For an example of a content access procedure for ISO/IEC 14496 program components within a program stream,
see Annex R.

2.11.3.12.2  Initial object descriptor

In c3
poin

cess
ptor

to all asso
shall| be conveyed in the 10D descriptor that is located in the descriptor loop immediately following the
progfam_stream_info_length field. It contains ES_Descriptors identifying the scene description and object descifiptor
streajms of the scene that form part of this program. It may also contain ES_Descriptors identifying one or more assogiated
IPMP or OCI streams. Identification of streams is done by means of ES_IDs as specified in clause7.2!1 and 7.2.8.5 of
ISONEC 14496-1. In a program stream, the initial object descriptor may also be conveyed by private means.

2.12 Carriage of metadata

2.12]1  Introduction

A Rqc. ITU-T H.222.0 | ISO/IEC 13818-1 stream can carry metadata. The format of'the metadata may be defined by ISO
or by any other authority. This subclause defines how to carry the metadata; transport mechanisms are defined as well as
metadata related-signalling, the applied metadata timing model and extensions of the STD model for decodijg of
metadata.

A metadata service is defined to be a coherent set of metadata of the'same format delivered to a receiver for a sp4cific
purppse. Metadata services are contained in metadata streams;, each metadata stream carries one or more metadata
services. This Specification assumes the notion of metadata Aceess Units within a metadata service. The definitior] of a
Metddata Access Unit is metadata format specific, but each metadata service is assumed to represent a concatenation|(or a
collection) of metadata Access Units.

Wheh transporting a metadata service over a Rec. IFU-T H.222.0 | ISO/IEC 13818-1 stream, a unique metadata sefvice
id is pssigned to each such service. A metadata service id references uniquely a metadata service among all the metadata
services available on the same transport or pregram stream, and not unique solely within a metadata stream. The metgdata
service identifier is used to retrieve the metadata service and all the information needed to decode it.

Decqding of metadata may require the,availability of decoder configuration data. If a metadata service carried|in a
Rec.|/ITU-T H.222.0 | ISO/IEC 13818-1 stream requires decoder configuration data for decoding, then this metadata
decopler configuration data shall bejcarried within the same program of the same Rec. ITU-T H.222.0 | ISO/IEC 13§18-1
stream.

Claupe 2.12.2 discusses-metadata timing, while 2.12.3 provides an overview of tools that are defined for transpqrt of
metadata over a Rec. {TU=T H.222.0 | ISO/IEC 13818-1 stream. The use of available transport tools is specified in 2{12.4
up td 2.12.8, and 242:9 specifies metadata related signalling. Finally, the STD model for metadata decoding is spedgified
in2.12.10.

Sincg many_forms of metadata may be carried, it is essential to signal both the precise format and encoding off the
metadataj.and the semantic meaning the metadata conveys. The former is signalled by the metadata format, whilg the
latter isSignalled by the metadata application format. In other words, the metadata format conveys how the metadatajshall
be decoded, while the metadata application format conveys how to use the metadata, essentially which application uses
the metadata. This division is important since it separates the encoding or representation of the metadata from its meaning,
thereby allowing an application to be agnostic of the means by which its metadata is conveyed.

2.12.2 Metadata time-line model

Metadata may refer to time codes associated with the content, for example to indicate the beginning of a content segment.
Each time indication made in the metadata refers to a certain metadata content time line specific to the actual metadata
format and/or metadata application format. For example, one metadata (application) format may use UTC, while another
metadata application format may use SMPTE time codes. To allow for transport of the content at any time over any media,
the metadata content time line is expected but not required to be transport agnostic.
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When transporting content and the associated metadata over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams, accurate
time references from the metadata to the content are to be maintained. The same is needed if the metadata is delivered

over

other means. To achieve this, the time line model of Figure 2-9 is assumed in this Specification.
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Figure 2-9 — Timing model for delivery of content and metadata

data is associated with the audiovisual content, usually in a transport agnostic wayy at production or any other
to transport. Where needed, time information is embedded in the metadata to ifdiCate for example specific segn
n the content, using the metadata content time line used in the metadata. For example, UTC or SMPTE time ¢

 itself. For example, the metadata time line may utilize UTC, while’SMPTE time codes are embedded in the
m.

following requirements shall be met for each metadata stream;
* no time discontinuities shall occur in the metadat&’content time line;
+ the metadata content time line shall be locked to the sampling clock of the content;
+ each time reference in the metadata streatn’refers to the same metadata content time line.

hnsport, a transport-specific timing is associated with the content; this is the delivery time line. In the case of tran
a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the delivery time line is provided by the System Time Cloch
The content may be delivered as a contiguous piece of information, but it is also possible to interrupt the del
e content, for example in the case of_news-flash interruptions of a program; in such and other cases time
ntinuities may occur.

h time references are used in\the metadata, in the System Target Decoder (STD) these time references are
iated unambiguously with ‘time values in the received content. To achieve this, a receiver content time li
red. The STC can be used. as the receiver content time line, but due to STC discontinuities that may occur, the
not necessarily offer.an unambiguous time association. Therefore the NPT (Normal Play Time) concept
EC 13818-6 DSM-CC is also available for use as the receiver content time line. In any playback mode, su
al, reverse, slow motion, fast forward, fast backward and still picture, the NPT provides an unambiguous
iation, independent of STC discontinuities, and independent of insertions of other content. Note that a
| referencé\descriptor needs to be transmitted when the STC rolls over.
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NI, defined on the metadata content time line to the corresponding receiver time, RT, of the receiver content
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receiver content time line. The offset is provided in the content labelling descriptor. The offset conveys the value of the
metadata time base at the instant in time at which the receiver content time base reaches a specified value. See also
Figure 2-9.

The timing in metadata systems may refer to a specific picture or audio frame, for example using SMPTE time codes.
The offset in time between the metadata content time line and the receiver content time line is expressed in units of
90 kHz, and consequently the metadata time reference will translate into a 90-kHz value in receivers. To accommodate
for inaccuracies, receivers shall assume that when reference is made to a picture or audio frame the closest match shall
be used. For example, the translated 90-kHz metadata time reference shall be matched with the picture or frame whose

PTS

184

value is closest to the translated value.
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When using NPT, during playback in any mode at any point in time the offset remains constant between the metadata
time base and the NPT time base. As long as neither STC discontinuities nor insertions with other content occur, the same
is true for the offset in time between the metadata time base and the STC time base, but only in normal playback mode.
For privately defined time lines the offset is also required to be constant, but possibly within constraints not defined in
this Specification.

When synchronous transport of metadata is applied in PES packets or by using the synchronized DSM-CC download
protocol, PTSs are assigned to the metadata. Such PTS may for example indicate the point in time at which the metadata
becomes valid. This implies a priori knowledge of how to associate the metadata to the delivery timing. However,
synchronously transported metadata may also contain time references, which are to be mapped from the metadata content
time line to the receiver content time line using the specified offset between both time lines. See also Figure 2-10.

Metadatat I I Metadatas Metadatas |

Content time line as

Metadata timing, e
specified in the

transport agnostic \ +MT e
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metadata specific?
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Figure 2-10 — Delivery of metadata in PES packets
2.12f3  Options for transport of metadata

To afpknowledge the very diverse characteristics of metadata, a variety of tools is defined to transport the metadatajover
a Reg. ITU-T H.222.0 | ISO/IEC 13818-1 stream.

This|Specification defines two tools for synchrenous delivery of the metadata:
«  carriage in PES packets;
»  use of DSM-CC synchrenized download protocol.

In addition, this Specification defines'three tools for asynchronous delivery of metadata:
»  carriage in metadata sections;

» use of DSM=CC data carousels;

«  use of DSM-CC object carousels.

Notg that some of-the asynchronous transport options support carousels and file structures. The choice of transporf tool

depends on therequirements that apply to the delivery of the metadata, and the requirements of the tools, as described in
the fpllowingsubclauses.

Metddata “may also be carried by private means such as PES packets with stream id value O0xBD or (xBF
(pri\ te“stream id 1 or pri\/nm stream id ')) or pri\/nfn sectionsThis Qpnr‘ifir‘nfinn does not cpnr‘ify how to use pr'vate
means for carriage of metadata, but allows for signalling of such metadata using the descriptors defined in 2.6.56 up
t0 2.6.63.

The basic referencing of metadata services is the same for all tools, using the metadata service id. However, there are
differences per tool. When PES packets, metadata sections, or synchronized DSM-CC download sections are used, data
from each metadata service is explicitly signalled within a metadata stream, using the metadata_service id field.
However, when using DSM-CC carousels, this signalling is left at the discretion of metadata applications. Note that this
Specification allows for carriage of a metadata service in a DSM-CC carousel, but does not constrain how many metadata
services can be carried in one DSM-CC carousel.

Metadata decoder configuration data is signalled explicitly when carried in a metadata descriptor, in PES packets with
stream_type 0x15 and stream_id OxFC, in metadata sections or in synchronized DSM-CC download sections. When
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metadata decoder configuration data is carried in a DSM-CC carousel, the signalling of such data is required, but not
defined by this Specification; instead, such signalling is left at the discretion of applications.

2.12.4  Use of PES packets to transport metadata
2.12.4.1 General

PES packets provide a mechanism for synchronous transport of metadata. By means of the PTS in the PES packet header
the metadata access units are associated with a certain instant of the STC, without the need for time references in the
metadata. This implies a priori knowledge of how to associate the metadata to the delivery timing. Specific stream_id
and stream_type values are assigned to signal PES packets carrying metadata; see 2.12.9.

When usmg PES packets with a stream type of 0x15 and a stream id of OxFC to transport the metadata a Metadata
Accgss e 2 Ising
metadata AU ceIIs Thls allows random access mdlcatlon Whose meanmg depends on the format of the metadata ind a
cell $equence counter to identify loss of metadata_ AU _cells. Each metadata Access Unit is carried and, if appropriate,
fragmented in one or more metadata_ AU_cells. In each PES packet that carries metadata, the first PES_packet, data | byte
shall|be the first byte of a Metadata_ AU_cell. For each metadata Access Unit contained in the same PES packet, the| PTS
in the PES header applies. The PTS signals the time at which the metadata Access Units are decoded,instantaneously and
remgved from buffer B, in the STD. Note that the relationship between a decoded metadata Access/nit and audiovisual
contént is beyond the scope of this Specification.

A PHS packet may contain a single metadata_ AU_cell. This is useful if a metadata Access Unit does not fit into a sjngle
PES |packet, in which case the fragmentation of the metadata Access Unit is handled by‘the‘metadata AU _cell.

Wheh metadata is carried by PES packets in a program stream, and if a Program Stream Map is applied in that program
streajm, then the Program Stream Map shall specify which PES packets contain the associated metadata.

2.12|4.2 Metadata Access Unit Wrapper

The metadata Access Unit Wrapper (see Table 2-155) shall be used when carrying metadata Access Units in PES pafkets
withja stream_type of 0x15 and a stream_id value of OxFC or in synchrenized DSM-CC download sections of stream | type
0x19. The wrapper defines a structure consisting of a concatenated number of Metadata_ AU_cells (see Table 2-156)). By
coding the size of the contained metadata in each metadata_ AU. cell, metadata agnostic parsing is possible in receivers:
the parser can retrieve the metadata and provide it to a metadata decoder without a priori knowledge on any detail gf the
metadata. The Metadata_AU_cell shall be aligned with the transport; that is the first byte of the payload of the PES pgcket
or syjnchronized DSM-CC download section shall be thefirst byte of a Metadata. AU_cell.

If a|metadata Access Unit does not fit entirely into a metadata_ AU_cell, then the metadata Access Unit shall be
fragmented into multiple metadata_ AU_cells; where the fragmentation_indication in each such metadata_ AU_cell signals
that the metadata_ AU_cell contains a fragment.

To each Metadata_ AU_cell that is contained in the same PES packet or synchronized download section, the PTS as qoded
in the header of the PES packet or synchronized download section, respectively, applies.
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Syntax No. of bits Mnemonic

Metadata_ AU_wrapper () {

for (i=0;i<N;i++){

Metadata_AU_cell ()

}

}
Table 2-156 — Metadata AU cell
Svuntav Na_aof hitc MNMnamaonic

Metadata_ AU_cell () {

metadata_service_id 8 uimsbf

sequence_number 8 uimsbf

cell_fragment_indication 2 bsibf

decoder_config_flag 1 bslbf

random_access_indicator 1 bslbf

reserved 4 bslbf;

AU_cell_data_length 16 uimsbf

for (i=0; | < AU_cell_data_length; i++){

AU_cell_data_byte 8 bsibf

}

}

metddata_service_id: This 8-bit field identifies the metadata service associated with the metadata Access Unit cdrried

in th|s metadata AU cell.

sequence_number: This 8-bit field specifies the sequence number of theymetadata_ AU _cell. This number increments by
one for each successive metadata_ AU_cell constituting the metadata. AU_wrapper, independent of the coded valjie of

the metadata_service_id.

cell_fragment_indication: This 2-bit field conveys information on the metadata Access Unit carried in| this
metadata_ AU_cell, corresponding to Table 2-157.

Table 2-157.— Cell fragment indication

Value Description
11 A single cell carrying a complete metadata Access Unit.
'10' The firstcell from a series of cells with data from one metadata Access Unit.
‘o1 The fast cell from a series of cells with data from one metadata Access Unit.
'00' A cell from a series of cells with data from one metadata Access Unit, but neither
the first nor the last one.

random_access_indicatot This 1-bit field, when coded with the value '1', indicates that the metadata carried in this
metadata_ AU_cell represents an entry point to the metadata service where decoding is possible without information ffrom

prevjous metadata_AU_cells. The meaning of a random access point is defined by the format of the metadata.

decoder_config.flag: This 1-bit field signals the presence of decoder configuration information in the carried metgdata
Accgss Unit,.Note that this does not preclude the presence of metadata in the Access Unit next to decoder configurption

data,

AU_cteftdata_tength This 16-bit fietdspecifies the mumer of AU Telt data_bytes immediatety fottowing:

AU_cell_data_byte: This 8-bit field contains contiguous bytes from a metadata Access Unit.

2.12.5 Use of the DSM-CC synchronized download protocol to transport metadata

For synchronized transport, in addition to PES packets, the DSM-CC synchronized download protocol can be used. When
using synchronized DSM-CC download sections to transport the metadata, the Metadata Access Unit Wrapper defined in
2.12.4.2 shall be used as the tool to encapsulate metadata Access Units. This allows random access indication, whose
meaning depends on the format of the metadata, and a cell sequence counter to identify loss of metadata AU_cells. In
each DSM-CC synchronized download section that carries metadata, the first byte of the payload shall be the first byte of
a Metadata AU_cell. For each metadata Access Unit contained in the same DSM-CC synchronized download section,
the PTS in the section header applies. The PTS signals the time at which the metadata Access Units are decoded
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instantaneously and removed from buffer B, in the STD. Note that the relationship between a decoded metadata Access
Unit and audiovisual content is beyond the scope of this Specification. A specific stream_type value (as detailed in
Table 2-34) is assigned to signal carriage of metadata in DSM-CC synchronized download sections.

2.12.6  Use of metadata sections to transport metadata

If asynchronous transport of metadata Access Units without a carousel delivery mechanism is needed, metadata sections
can be utilized. The syntax and semantics of metadata sections are defined in this subclause. Each metadata section shall
carry either one complete metadata Access Unit or a single part of one metadata Access Unit, as signalled by the
section_fragment_indication field (see Table 2-158).

For transport in metadata sections, the metadata Access Units are structured in one or more Metadata Tables. Each
Metadata Table contains one or more complete metadata Access Units from one or more metadata services. Conceptually,
the transportmechanisnmof-vtetadataTabtestscomparabte—to—the—transport-mechantsmof Progranivtap—Tabteg and
Program Association Tables. Each Metadata Table may be made up of multiple metadata sections. Each Metadatai|able
may [contain metadata from multiple metadata services.

Spedific stream_type and table_id values are assigned to metadata sections. Metadata decoder configuration data car] also
be carried in sections, signalled by a metadata description value, as assigned by the metadata deceder configurption
descfiptor.

Table 2-158 — Section syntax for transport of metadata

Syntax No.(of\bits Mnemonic
Metadata_section() {

table_id 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bsibf
random_access_indicator 1 bslbf
decoder_config_flag 1 bslbf
metadata_section_length 12 uimsbf
metadata_service_id 8 uimsbf
reserved 8 bsibf
section_fragment_indication 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for(i=1;i<N;i++){

metadata_byte 8 bsibf
}
CRC_32 32 rpchof

}

tablg _id: The table_id is an 8-bit-field that shall be set to '0x06' for each metadata section.
sectipn_syntax_indicator: This 1-bit field shall be set to '1".
private_indicator: Thig-1-bit field is not specified by this Specification.

random_access_indicator: This 1-bit field, when coded with the value '1', indicates that the metadata carried ir this
metadata section fepresents an access point to the metadata service where decoding is possible without information [from
previ{ous metadata sections. The meaning of a random access point is defined by the format of the metadata.

decoderconfig_flag: This 1-bit field, when coded with the value '1', indicates that decoder configuration information is
presgntiin the metadata Access Unit carried in this metadata section.

metadata_section_length: This 12-bit field shall specify the number of remaining bytes in the section immediately
following the metadata_section_length field, and including the CRC. The value of this field shall not exceed
4093 (OxFFD).

metadata_service_id: This 8-bit field identifies the metadata service associated with the metadata Access Unit carried
in this metadata section. Each Metadata Table may contain metadata from multiple metadata services.
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section_fragment_indication: This 2-bit field conveys information on the fragmentation of the metadata Access unit

carr

ied in this metadata section, corresponding to Table 2-159.

Table 2-159 — Section fragment indication

Value Description

‘11 A single metadata section carrying a complete metadata Access Unit.

'10' The first metadata section from a series of metadata sections with data from one metadata
Access Unit.

'01' The last metadata section from a series of metadata sections with data from one metadata
Access Unit.

'00' A metadata section from a series of metadata sections with data from one metadata Access
Unit, but neither the first nor the last one.

versfon_number: This 5-bit field is the version number of the whole Metadata Table. The version number shgll be

incr

gmented by 1 modulo 32 whenever the information contained within the Metadata Table changes. When the

currgnt_next_indicator is set to '1', then the version_number shall be that of the currently applicable-Metadata Tfable.
Wheh the current_next_indicator is set to ‘0", then the version_number shall be that of the next applicable Metadata Tjable.

current_next_indicator: A 1-bit field, which when set to '1' indicates that the Metadata Table-sent is currently applidable.
Wheh the bit is set to '0', it indicates that the Metadata Table sent is not yet applicable and-shall be the next Metgdata

Tab

Ie to become valid.

sectipn_number: This 8-bit field gives the number of the metadata section. The sgetion_number of the first section in a
Metgdata Table shall be 0x00. The section_number shall be incremented by 1 with.each additional section in this Metadata

Tab

Ig.

last_|section_number: This 8-bit field specifies the number of the last \section (that is, the section with the highest

sect

metadata_byte: This 8-bit contains contiguous bytes from a metadata Access Unit.

ibn_number) of the complete Metadata Table of which this section iS-a part.

CRQ_32: This 32-bit field shall contain the CRC value that gives a zero output of the registers in the decoder defingd in

Anngx A after processing the entire metadata_section.

2.12[7  Use of the DSM-CC data carousel to transport metadata

The

DSM-CC tools as defined in ISO/IEC 13818-6"for Data Carousels can be used if a carousel delivery mechanigm is

requ(red without the need to express the hieratchical organization of the metadata structure in the transport mecharism.
Infoqmation on the carousel in which the metadata is contained, is included in the metadata descriptor defined in 2}6.60

and
that

2.12]8  Use of the DSM-CC object carousel to transport metadata

Ifa

P.6.62. A specific stream_type value is assigned to signal carriage of metadata in the DSM-CC data carousel. [Note
ignalling of metadata services-within a DSM-CC data carousel is required, but not defined by this Specificatiop.

garousel delivery mechanism is required with the capability to express the hierarchical organization of the metadata

strugture in the transpoftthen the DSM-CC tools and file structures as defined in ISO/IEC 13818-6 for User to [User
Object Carousels can'he’'used. These file structures provide the tools to structure the metadata as deemed appropriate for
efficjent parsing of the metadata and for expressing the hierarchical organization of the metadata. Information needgd to
identify the carousel in which the metadata is contained, is included in the metadata descriptor defined in 2.6.6Q and
2.6.61. Thismay be the IOP:10R() as defined in 11.3.1 and 5.7.2.3 of ISO/IEC 13818-6 DSM-CC. A specific stream |type
valug is assighed to signal carriage of metadata in the DSM-CC object carousel. Note that signalling of metadata seryices
with|n@DSM-CC object carousel is required, but not defined by this Specification.

2.12.9 Metadata-related signalling

2.12.9.1 General

Metadata-related signalling covers four distinct areas:

» signalling of metadata services and streams;

« signalling of content for use by a metadata system;
+  association of metadata to content; and

» signalling of decoder configuration data.
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2.12.9.2 Signalling of metadata services and streams

Carriage of metadata is signalled by a stream_type value in the inclusive range from 0x15 to 0x19, specifying which of
the five methods described in 2.12.4 to 2.12.8 is used to transport the metadata, and if appropriate, by a stream_id value

of OxFC indicating a metadata stream.

To uniquely identify a metadata service a metadata_service_id value is assigned to each such service by the transport; the
assigned value shall be unique within the transport or program stream carrying the metadata service. If the metadata is
carried in PES packets with a stream_id of OxFC, or in metadata sections, or in ISO/IEC 13818-6 synchronized download

sections, the assigned metadata_service_id value is signalled explicitly in the header of the metadata AU_cell o

r the

metadata section. If a ISO/IEC 13818-6 carousel is used to carry the metadata, then the signalling of metadata services is
left to the application. The metadata descriptor specifies the format of the metadata and provides information on the

decoder configuration data, and is linked to the metadata service by carrying information on the metadata service

it is

asso¢lated with.

2.12]9.3 Signalling of content for use by a metadata system

In 26.56 and 2.6.57, a content labelling descriptor is defined that can be used to assign a metadata application fg
specific reference, the content_reference_id_record, to audiovisual or any other content carried over an‘'MPEG-2 tran
streajm or program stream. The content_reference_id_record can be used by the metadata system as@-label to refer to
cont¢nt. The content may represent, for example, a program or a stream or segments thereof.lhe content labd
descfiptor also provides information on the content time base used for time referencing from-the metadata, includin
consfant offset in time between the metadata time base and the applied content time base<The descriptor allows car
of pfivate data. The metadata_application_format may define constraints on the content_reference_record, sud
constraints on the time period during which it is valid.

2.1219.4 Association of metadata to content

In 2.6.58 and 2.6.59 the metadata pointer descriptor is defined to associate-aSingle metadata service to audiovisual o
othef content in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream. The metadata is associated with the content withi
contéxt as defined by the location of the descriptor. In a transport stream, the descriptor may be located in the PMT i
descfiptor loop for either the program or an elementary stream, hut'may also be located in tables not defined ir
Spedification, such as tables describing bouquets of broadcast services.

The metadata pointer descriptor points from the content's context to the metadata service associated with that cor
The flescriptor provides the value of the metadata_service; id that is assigned to the associated metadata service, as
as onje or more locations of the associated metadata. The location may for example be within the same transport st

rmat
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as the content, or within another transport stream;-but also at a non-Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stfeam

locatjion such as the Internet.

2.1219.5 Signalling decoder configuration/data

Decqding of metadata may require~the availability of metadata decoder configuration data. If needed, deq
conflguration data shall be contained in one of the metadata services in the same program in the
Rec.|ITU-T H.222.0 | ISO/IEC 13818-1 stream as the metadata service. If decoder configuration data is needed to de

2.1219.6 Qverview of metadata signalling
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Figure-2-11 provides an example of metadata signalling, in which a single program, the
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metadata program and the content program exist on the same transport stream.

""content program”, carrig
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Figure 2-11 — Metadata signalling and referencing

In the content program there are two metadata-related descriptors, the content labeling descriptor and the
metadata_pointer descriptor. The content_labeling descriptor associates a label, iHastrated in the diagram by "coptent
label[' and encoded in the descriptor in the content_reference_id fields, with the‘content. The label can then be usgd by
the metadata service to refer to the essence, either in whole, in part, or by.a time-described segment. For examplg, the
content_labeling descriptor could provide the label "News of 1/1/02", and¢he 'metadata could then refer to a specific ptory
item|in the "News of 1/1/02", for example by providing the specific timing of the story item.

The metadata pointer descriptor provides information of where the metadata service can be found for the given corjtent.
In thjs example, the metadata is carried in a separate program, but,it would be equally valid to have the metadata cqrried
in the same program as the content, or provided by some means.beyond the scope of this Specification, for instance [from
a URL. This descriptor also provides the metadata service idvalue that is assigned to the metadata service. This is reqlired
sincq a metadata stream could carry multiple metadata:services for many different programs and each program neegds to
be aljle to uniquely identify its own metadata service.

In the metadata program, the metadata descriptof-signals to which metadata service within a metadata stream it applies.
If used, the metadata descriptor provides details-of where to find the decoder configuration information.

Upon identifying a metadata pointer descriptor in the PMT by a receiver decoding the content program, the recpiver
retrigves the metadata descriptor from-the metadata program. If needed first the decoder configuration data is retrig¢ved,
then [the decoder is configured accordingly, after which the metadata service can start being decoded.

2.12]10 STD model for metadata

The BTD model specifies-normative constraints on Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams that carry metgdata.
For decoding of metadata’in the STD, the regular T-STD and P-STD models are applicable with buffer B, input rat¢ Rx,
of the metadata intoBr and output rate Rmetagata OUt OF By and into Dietadata, the metadata decoder. See Figure 2-12.
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Figure 2-12 — Metadata decoding in the STD

The metadata enters buffer B, at rate Rx,. In the P-STD, rate Rx, equals the rate of the program stream. In the T-STD,
rate Rx, is the rate out of TB, and equal to the rate defined by the metadata_input_leak_rate field in the metadata STD
descriptor. The size BS, of buffer By, is equal to the size defined in the metadata_buffer_size field in the metadata STD
descriptor. In case of synchronous delivery, metadata decoding is instantaneous and controlled by PTSs. At decode time,
that is when the STC equals the PTS, the associated metadata is removed instantaneously from B,. In case of asynchronous
delivery, the metadata is removed from By, at a rate Rmetadata €qual to the rate defined by the metadata_output_leak rate
field in the metadata STD descriptor. Buffer B, shall not overflow.
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Note that the STD model defines constraints on the delivery of the metadata, without specifying any constraint on the
timing used in the metadata.

2.13 Carriage of 1SO 15938 data

2.13.1  Introduction

Carriage of metadata over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream as defined in 2.12 allows for carriage of 1SO
15938 data by appropriate coding of the metadata_format field. In this subclause, for the purpose to transport ISO 15938
data, a specific instance is defined. Carriage of 1SO 15938 data shall meet each requirement defined in 2.12, but in addition
the requirements defined in this subclause shall apply for transport of 1ISO 15938 data.

2132 1SO 15938 decoder mnfigumfinn data

Decqding of 1SO 15938 data requires the availability of decoder configuration data. Consequently, when ISO 15934 data
is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, then the metadata descriptor shall signal,carriage of
asso¢iated decoder configuration data in the same Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream by cading a vallie of
the decoder_config_flags of either ‘001" or '010' or '011' or '100'".

2.14 Carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 video

2.14]1  Introduction

This| Specification defines the carriage of Rec. ITU-T H.264 | ISO/IEC 14496~10 elementary stream within
Rec.|[ITU-T H.222.0 | ISO/IEC 13818-1 systems, both for program and transport streams. Typically, a Rec. ITU-T H.264
| ISQ/IEC 14496-10 stream will be an element of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, as defined bl the
PMT[ in a transport stream and the PSM in a program stream. The carriage and buffer management of AVC video streams
is defined using existing parameters from this Recommendation | International Standard such as PTS and DTS, as wgll as
information present within an AVC video stream.

Carrfage of AVC video streams in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream defines accurate mapping betyveen
STD|parameters and HRD parameters that may be present in an AVC video stream. Requirements are defined fgr the
pres¢nce of HRD parameters in the AVC video stream, to ensuré that it can be verified whether each STD requirement is
met for each AVC video stream carried in a transport stream,or a program stream.

NOTE 1 — Though the timing information present in the s AVC video stream may not use a 90-kHz clock, the PTS and| DTS
timestamps need to be expressed in units of 90 kHz.

Wheh a Rec. ITU-T H.264 | ISO/IEC 14496-10'stream is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 strean), the
Rec.|[ITU-T H.264 | ISO/IEC 14496-10 coded-data shall be contained in PES packets. The Rec. ITU-T H.264 | ISQJ/IEC
14496-10 coded data shall comply with the/byte stream format defined in Annex B of Rec. ITU-T H.264 | ISQ/IEC
14496-10, with the following constraints:

. Each AVC access ufitjshall contain an access unit delimiter NAL Unit;

NOTE 2 — Rec.NTPU-T H.264 | ISO/IEC 14496-10 requires that an access unit delimiter NAL Unit, if presgnt, is
the first NAL Wnit within an AVC access unit. Access unit delimiter NAL Units simplify the ability to detegt the
boundary etween pictures; they avoid the need to process the content of slice headers, and they are particyilarly
usefulfor the Baseline and Extended profiles where slice order can be arbitrary.

»  All Sequence and Picture Parameter Sets (SPS and PPS) necessary for decoding the AVC video stfeam
shall-be present within that AVC video stream.
NOTE 3 — Rec. ITU-T H.264 | ISO/IEC 14496-10 also allows delivery of SPS and PPS by external means| This

Specification does not provide support for such delivery, and therefore requires SPS and PPS to be carried Within
the AVC video stream.

h A

shall

carry VUI parameters in which the timing_infB_present_fIag shall be setto 1.

NOTE 4 — If the low_delay_hrd_flag is set to '1', then buffer underflow is allowed to occur in the STD model; see
2.14.3 and 2.14.4. Setting the timing_info_present_flag to '1' ensures that the AVC video stream contains sufficient
information to determine the DPB output time and the CPB removal time of AVC access units, also in case of
underflow.

To provide display specific information such as aspect_ratio, it is strongly recommended that each AVC video stream
carries VUI parameters with sufficient information to ensure that the decoded AVC video stream can be displayed
correctly by receivers.

When an AVC video stream conforms to one or more profiles defined in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-
10, the following constraints additionally apply:
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The AVC video sub-bitstream of SVC as defined in 2.1.10 shall be an element of a Rec. ITU-T H.222.0 |
ISO/IEC 13818-1 program and the stream_type for this elementary stream shall be equal to 0x1B.

For each SVC video sub-bitstream as defined in 2.1.142 that is an element of the same Rec. ITU-T H.222.0
| ISO/IEC 13818-1 program, the stream_type for this elementary stream shall be equal to Ox1F.

All subset Sequence Parameter Sets and Picture Parameter Sets necessary for decoding an SVC video sub-
bitstream shall be present within the elementary stream carrying the SVC video sub-bitstream.

In each elementary stream with stream_type equal to Ox1F, exactly one VDRD _drd_nal_unit as defined in

2.14.3.3 may precede all the NAL units of the same SVC dependency representation.

NOTE 5 — If any VDRD_drd_nal_unit is included in any SVC dependency representation then the HRD model

should include this VDRD_drd_nal_unit in the buffer model as additional non-VCL NAL units. The NAL unit

type 24 may be used in a different way by other specifications out of scope of this Specification. When carrying
e ETTE raifferenteteme g e RO : ended

AVCTa alll SV d ayec U € al'y d USage of VDRD ongry 0)
if access units are not aligned with PES packets.

The TREF field as defined in 2.4.3.7 may be present in the PES headers of elementary streams [with
stream_type equal to OxX1F. The TREF field shall be set and shall be present in the PES headers‘as spegified
in 2.14.3.5 and 2.14.3.6 respectively.

NOTE 6 — Currently the presence of TREF is only specified for elementary streamscwith stream_type pqual
to Ox1F.

When a Rec. ITU-T H.222.0| ISO/IEC 13818-1 program includes more than one SVC video sub-bitstijeam,
or more than one AVC video sub-bitstream of SVC and at least one SVC video sub-bitstream, a hiergrchy
descriptor as defined in 2.6.7 shall be used to indicate the dependencies,of the related video sub-bitstrdams.

All NAL units of a re-assembled AVC access unit shall be passed tothe decoder in the order of NAL units
within an access unit as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10.
NOTE 7 — If SEI NAL units are present in any SVC dependengy. representation of an SVC video sub-bitstfeam,
these NAL units may require re-ordering to the order of NAL<Uhits within an access unit as defined in Rec. ITU-T
H.264 | ISO/IEC 14496-10 before access unit re-assembling:

The profile and level limitations indicated by  profile_idc and level_idc syntax elements ir the
AVC _video_descriptor, if present, and - the Type Il HRD parameters in | the
AVC_timing_and_HRD_descriptor, if present,foran AVC video stream resulting from re-assemblingy (up
to) the video sub-bitstream associated with_the" descriptors shall include NAL units with nal_unit|type
syntax element equal to 14 in the AVC video sub-bitstream of SVC and, if present in the SVC video|sub-
bitstream, NAL units with nal_unit_typeisyntax element equal to 24.

h an AVC video stream conforms to one“or more profiles defined in Annex H of Rec. ITU-T H.264 |
EC 14496-10, the following constraints-additionally apply:

The AVC video sub-bitstream’of MVC or MVC base view sub-bitstream, as defined in 2.1.9 and 2.1{103,
shall be an element of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program and the stream_type fof this
elementary stream shalkbe equal to Ox1B.

For each MVC\video sub-bitstream, as defined in 2.1.106, that is an element of the pame
Rec. ITU-T H(222.0 | ISO/IEC 13818-1 program, the stream_type for this elementary stream shall be ¢qual
to 0x20.

Each MV/.€'video sub-bitstream shall be associated with one or more consecutive view order index vdlues.

NOTE="According to the definitions in 2.1.106 and 2.1.103, respectively, an MVC video sub-bitstream or MVV{ base
view sub-bitstream does not necessarily include view components for all view_id values included in one MVC vigw_id
subset if one or more views are not required for decoding the transmitted views. As an example, consider a MVC
bitstream having 4 views V1, V2, V3, and V4 in ascending order of view order index, where view V1 is the base jiew,
view V2 is depending directly on V1, V3 is depending directly on V1 and V2, and V4 is depending directly op V2.
Using such encoded views, two MV C sub-bitstreams M1 and M2 may be created as follows: M1 is associated with the

output views V1 and VZ, and M2 with the output view V4. Tn this example, it is possible that only M1 and M2 are
transmitted to a receiver, thus sub-bitstream for V3 is not required to be transmitted since a combination of both sub-
bitstreams M1 and M2 refers to the set of views V1, V2 and V4, and can be decoded without the presence of V3.

Each view order index value shall be associated with exactly one MV C view_id subset.
NOTE 8 — This restriction greatly simplifies the re-assembly of any decodable sub-bitstream.

When aRec. ITU-T H.222.0 | ISO/IEC 13818-1 program includes more than one MVC video sub-bitstream
or more than one AVC video sub-bitstream of MVC and at least one MVC video sub-bitstream, one or
more hierarchy descriptors as defined in 2.6.6 and 2.6.7 shall be used to indicate the dependencies of the
related video sub-bitstreams. If more than one hierarchy descriptor is present for one elementary stream,
the value of the syntax element hierarchy_layer _index shall be the same within the same elementary
stream. The syntax element hierarchy_type shall be set to the value 9 or 15.
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NOTE — Provided an MVC video sub-bitstream B depends on video sub-bitstream A and this dependency is
indicated using a hierarchy descriptor, further an MVC video sub-bitstream C depends on B and this dependency is
also indicated using a second hierarchy descriptor, then this implicitly indicates a dependency of C on A and no third
hierarchy descriptor is needed.

»  The subset sequence parameter sets and picture parameter sets necessary for decoding an MVC video sub-
bitstream shall be present within the elementary stream carrying the MV C video sub-bitstream.

* In each elementary stream with stream type equal to 0x20 exactly one VDRD_NAL _unit, as defined
in 2.14.3.3, may precede all the NAL units of the same MVC view-component subset.
NOTE 9 — If any VDRD_nal_unit is included in any MVC view component subset, then the HRD model should

include this VDRD_nal_unit in the buffer model as additional non-VCL NAL units. The NAL unit type 24 may
be used in a different way by other specifications out of scope of this Specification.

. ALLNAL units of a re-assembled AVC accessunit shall he Innccnd to the decoder in the order of NAL units
within an access unit, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10.

NOTE 10 — If SEI NAL units are present in any MVC view-component subset of an MVC video sub-bitstfeam,
these NAL units may require re-ordering to the order of NAL units within an access unit,’ as- defingd in
Rec. ITU-T H.264 | ISO/IEC 14496-10 before access unit re-assembling.

«  The profile_idc and level_idc indication in the AVC _video_descriptor, if present, and'‘the Type Il HRD
parameters in the AVC_timing_and_HRD_descriptor, if present, for an AVC videg stream resulting ffrom
re-assembling (up to) the MVC video sub-bitstream associated with the descriptors shall include NAL
units with nal_unit_type syntax element equal to 14, if present, in the AVC video sub-bitstream of MVC
or MVC base view sub-bitstream and, if present, in the MVC video,Sub<bitstream, NAL units [with
nal_unit_type syntax element equal to 20 and 24.

Whep an AVC video stream conforms to one or more profiles defined (innAnnex | of Rec. ITU-T H.264 |
ISO/NEC 14496-10, the following constraints additionally apply:

e The AVC video sub-bitstream of MVCD or MVVCD base~view sub-bitstream, as defined in 2.1.1Q and
2.1.108, shall be an element of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program and the stream_tyge for
this elementary stream shall be equal to Ox1B.

e For each MVCD video sub-bitstream, as defined in 2.1.110, that is an element of the pame
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 prograna;the stream_type for this elementary stream shall be ¢qual
to 0x26.

. Each MVCD video sub-bitstream shall-b& associated with one or more consecutive view order index
values.

»  Each view order index value shall be“associated to exactly one MVCD view_id subset.
NOTE 11 — This restriction greathysimplifies the re-assembly of any decodable sub-bitstream.

«  The subset sequence parameter sets and picture parameter sets necessary for decoding an MVCD yideo
sub-bitstream shall bepresent within the elementary stream carrying the MVCD video sub-bitstream

» In each elementary\stream with stream type equal to 0x26 exactly one VDRD_ nal_unit, as defined
in 2.14.3.3, may. precede all the NAL units of the same MVCD view-component subset.
NOTE 12~.Ifany VDRD_ nal_unit is included in any MVVCD view component subset, then the HRD model should

include-this’'VDRD_nal_unit in the buffer model as additional non-VCL NAL units. The NAL unit type 24 may be
usedin a/different way by other specifications out of scope of this Specification.

*  AILNAL units of a re-assembled AVC access unit shall be passed to the decoder in the order of NAL units
within an access unit, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10.
OTE 13% SEI NAL units are present in any MVCD view-component subset of an MVCD video sub-bitstream, these[NAL

hits may Tequire re-ordering to the order of NAL units within an access unit, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10
pfore access unit re-assembling.

d

o_C

2.14.2  Carriage in PES packets

Rec. ITU-T H.264 | ISO/IEC 14496-10 Video is carried in PES packets as PES_packet_data_bytes, using one of the
16 stream_id values assigned to video, while signalling the Rec. ITU-T H.264 | ISO/IEC 14496-10 Video stream by means
of the assigned stream-type value in the PMT or PSM (see Table 2-34). The highest level that may occur in an AVC video
stream as well as a profile that the entire stream conforms to should be signalled using the AVC video descriptor. If an
AVC video descriptor is associated with an AVC video stream, then this descriptor shall be conveyed in the descriptor
loop for the respective elementary stream entry in the Program Map Table in case of a transport stream or in the Program
Stream Map, when PSM is present, in case of a program stream. This Recommendation | International Standard does not
specify presentation of Rec. ITU-T H.264 | ISO/IEC 14496-10 streams in the context of a program.

For PES packetization, no specific data alignment constraints apply. For synchronization and STD management, PTSs
and, when appropriate, DTSs are encoded in the header of the PES packet that carries the Rec. ITU-T H.264 |
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ISO/IEC 14496-10 video elementary stream data. For PTS and DTS encoding, the constraints and semantics apply as
defined in 2.4.3.7 and 2.7.

2.14.3  STD extensions

2.14.3.1 T-STD extensions

The T-STD model includes a transport buffer TB, and a multiplex buffer MB,, prior to buffer EB, for decoding of each
AVC video elementary stream n conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC
14496-10 video elementary stream n. See Figure 2-13.

it ! j-th access unit | k-th presentation unit |
' Transport stream | e e o ~o-------- |
——deriplesine—
e | AG) NP,
TN ; AVC video toa(k
7O e, | R [ham, | R (5} 40 | p) Y
B LW S gy il 1
4:'_6‘ ; H.222.0(23)_F2-13
i Qi
5 O h

Figure 2-13 — T-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10 video

OTE — For carriage of AVC streams according to High, Progressive High, Constrained-High, High 10, High 4:2:2, High}4:4:4
edictive, High 10 Intra, High 4:2:2 Intra, High 4:4:4 Intra, or CAVLC 4:4:4 Intra prefiles; bitrate and CPB buffer size limitations
f this specification are more restrictive than the limits specified in Annex A of Rec(FU-T H.264 | ISO/IEC 14496 10.

O T =

DPB: buffer management

Carrlage of an AVC video stream over Rec. ITU-T H.222.0 | ISO/IEC.13818-1 does not impact the size of buffer QPB,.
For decoding of an AVC video stream in the STD the size of DPB, is:as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10.
The PPB buffer shall be managed as specified in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10 (C.2 and C.4). A
decofded AV C access unit enters DPB,, instantaneously upon decoding of the AVC access unit, hence at the CPB renfoval
time|of the AVC access unit. A decoded AVC access unit-is‘presented at the DPB output time. If the AVC video stfeam
provjdes insufficient information to determine the CPB\rémoval time and the DPB output time of AVC access units,then
thesq time instants shall be determined in the STD model from PTS and DTS timestamps as follows:

1) The CPB removal time of AVC access unit n is the instant in time indicated by DTS(n) where DTS{n) is
the DTS value of AVC access.unit n.

2) The DPB output time of AV€ access unit n is the instant in time indicated by PTS(n) where PTS(n) {s the
PTS value of AVC access unit n.

OTE 1 - AVC video sequences.in which the low_delay_hrd_flag in hrd parameters() is set to 1 carry sufficient information to
btermine the DPB output time and the CPB removal time of each AVC access unit. Hence for AVC access units for which| STD
hderflow may occur, the CPB)jremoval time and the DPB output time are defined by HRD parameters, and not by DTS anq PTS
imestamps.

c o =

=

TBn MBn and EBn buffér management

The |nput to buffépTB, and its size TBS, are specified in 2.4.2.4. For buffers MB, and EB,, and for the rate Rx, betyveen
TB, aind MB,,-and the rate Rbx, between MB, and EB, the following constraints apply for carriage of a Rec. ITU-T H.264
| ISQ/IEC 14496-10 stream:

Size EBS, of buffer EB.:
EBS, = cpb_size

Where cpb_size is the size CpbSize[ cpb_cnt_minusl ] of the CPB for the byte stream format signalled in
the NAL hrd_parameters() carried in VUI parameters in the AVC video stream. If NAL
hrd_parameters() are not present in the AVC video stream, then the cpb_size shall be the size defined
as 1200 x MaxCPB in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level of the AVC
video stream.

Size MBS, of Buffer MB;:
MBS = BSmux + BSon + 1200 x MaxCPB[level] — cpb_size

where BSqn, packet overhead buffering, is defined as:
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BSon = (1/750) seconds x max{1200 x MaxBR[level], 2 000 000 bit/s}
and BSmyx, additional multiplex buffering, is defined as:
BSmux = 0.004 seconds x max{1200 x MaxBR[level], 2 000 000 bit/s}

where MaxCPBJlevel] and MaxBR[level] are defined for the byte stream format in Table A.1 (Level
Limits) in Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level of the AVC video stream, and

where cpb_size is the size CpbSize[ cpb_cnt_minusl ] of the CPB for the byte stream format signalled in
the NAL hrd_parameters() carried in VUI parameters in the AVC video stream. If NAL
hrd_parameters() are not present in the AVC video stream, then the cpb_size shall be the size 1200 x
MaxCPB defined in Annex A of Rec ITU-T H 264 ! ISO/NEC 14496-10 for the level of the AVC

video stream.

Rate Rxn:
when there is no data in TB, then Rx, is equal to zero.
Otherwise: Rxn = bit_rate

where bit_rate is 1.2 x BitRate[ SchedSelldx ] of data flow into the CPB forithe byte stream fgqrmat
and BitRate[ SchedSelldx ] is as defined in Annex E of Rec. ITU-T H.264 | 1SO/IEC 14496-10,
NOTE 2 — Annex E specifies the values for BitRate[ SchedSelldx] when NAL/hrd/parameters() is present jn the

VUI parameters of the AVC video stream and default values for BitRate[\SchedSelldx ] based on profile and
level when NAL_hrd_parameters() is not present.

Transfer between MBn and EBn

If the AVC_timing_and_HRD_descriptor is present with the hrd. management_valid_flag set to '1'[then
the transfer of data from MB,, to EB,, shall follow the HRD defined scheme for data arrival in the|[CPB
as defined in Annex C of Rec. ITU-T H.264 | ISO/IEC'14496-10.

Otherwise, the leak method shall be used to transfer data from MB, to EB, as follows:
Rate Rbx,:

Rbx, = 1200 x,MaxBR[level]

where MaxBR{[level] is defined for the“byte stream format in Table A.1 (Level Limits) in Rec. ITU-T
H.264 | ISO/IEC 14496-10 for“each level.

If there is PES packet payload.data'in MB,, and buffer EB, is not full, the PES packet payload is transfgrred
from MB, to EB, at a rate equal to Rbx,. If EBy, is full, data are not removed from MB,. When g byte
of data is transferred from MB, to EB,, all PES packet header bytes that are in MB, and preced¢ that
byte, are instantaneously removed and discarded. When there is no PES packet payload data prgsent
in MB;, no data-is removed from MB,. All data that enters MB,, leaves it. All PES packet payload
data bytes-enter EB, instantaneously upon leaving MB,,

Removal of AVC access units from EB,

Each AV/CG-access unit An(j) that is present in EB, is removed instantaneously at time tds(j). The decading
time tdn(j) is specified by the DTS or from the CPB removal time, as derived from information in the
AVC video stream.

STDj delay:

The total, delay of any Rec. ITU-T H.264 | ISO/IEC 14496-10 data other than AVC still picture data through the System
TargetBecodershuffersTBrviBrandEBrshattbeconstramed-by-tdr)—t)—~<10-secondsforatjandattbytes i in
AVC access unit An(j).

The delay of any AVC still picture data through the System Target Decoders buffers TB,, MB,, and EB, shall be
constrained by tds(j) — t(i) < 60 seconds for all j, and all bytes i in AVC access unit Ap(j).

Buffer management conditions

Transport streams shall be constructed so that the following conditions for buffer management are satisfied:
»  TB shall not overflow and shall be empty at least once every second.
. MB:, EB,, and DPB,, shall not overflow.
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»  EB; shall not underflow, except when VUI parameters are present for the AVC video sequence wit

2023

h the

low_delay_hrd_flag set to '1'. Underflow of EB, occurs for AVC access unit Ax(j) when one or more bytes

of An(j) are not present in EB, at the decoding time tdn(j).

NOTE 3 — An AVC video stream may carry information to determine compliance of the AVC video stream to the HRD, as specified
in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10. The presence of this information can be signalled in a transport stream using
the AVC timing and HRD descriptor with the hrd_management_valid_flag setto '1'. Irrespective of the presence of this information,
compliance of an AVC video stream to the T-STD ensures that HRD buffer management requirements for CPBn are met when
each byte in the AVC video stream is delivered to and removed from CPBx in the HRD at exactly the same instant in time at which
the byte is delivered to and removed from EB;, in the T-STD.

2.14.

3.2 P-STD extensions

The P- STD model for the decodlng of an AVC V|deo elementary stream n conformlng to one or more proflles defined in

Anngx
wed by a buffer DPBn (see Figure 2-14). For each AVC vrdeo stream n, the size BSn of buffer B, in theR-SII
defirfed by the P-STD_buffer_size field in the PES packet header.
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Figure 2-14 — P-STD model extensions for Rec. ITU-T\H.264 | ISO/IEC 14496-10 video

h buffer management

br DPB), shall be managed in exactly the same way as inithe T-STD; see 2.14.3.1.

pffer management

ntaneously removed from B,. The decoding time tda(j) is specified by the DTS or by the CPB removal time, de
information in the AVC video stream. Upan‘decoding, the AVC access unit instantaneously enters DPB, or is 0
but entry into DPB,, according to the rules specified in Rec. ITU-T H.264 | ISO/IEC 14496-10.

delay

otal delay of any Rec. ITUT H:264 | ISO/IEC 14496-10 data other than AVC still picture data through the Sy
bt Decoders buffer B, shall be constrained by tdn(j) — t(i) < 10 seconds for all j, and all bytes i in AVC access

jelay of any AVC-sfill picture data through the System Target Decoders buffer B, shall be constrained by tdn(j)
seconds for alljj-and all bytes i in AVC access unit An(j).

Fam,stréams shall be constructed so that the following conditions for buffer management are satisfied:

. B shall not overflow.

AVC access unit data enters buffer B, as specified in 2.5.2.2. At time tdn(j), AVC access unit As(j) is decoded and

rived
itput

stem
unit

(1)

2.14.

» By shall not underflow, except when VUI parameters are present for the AVC video sequence with the
low_delay_hrd_flag set to '1' or when trick_mode status is true. Underflow of B, occurs for AVC access

unit An(j) when one or more bytes of An(j) are not present in B, at the decoding time tdn(j).

3.3 View and dependency representation delimiter NAL unit

See Table 2-160.
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Table 2-160 — View and dependency representation delimiter NAL unit

Syntax No. of bits Mnemonic
VDRD_nal_unit() {
forbidden_zero_bit 1 bsibf
nal_ref_idc 2 bsIbf
nal_unit_type 5 bslbf
}
2.14.3.4 Semantics of view and dependency representation delimiter NAL unit
forbidden_zero_bit  — shall be equal to 0x0
nal_fef idc — shall be equal to 0x0
nal_pnit_type — shall be equal to 0x18
2.14]3.5 T-STD extensions for SVC
The [T-STD model described in 2.14.3.1 is applied if the received elementary stream is avideo sub-bitstrea
stream_type Ox1B, i.e., only the AVC video sub-bitstream of SVC is received and decoded.

Whe
depe

h there is a set of received video sub-bitstreams in a Rec. ITU-T H.222.0 | ISO/IEC-13818-1 program, for W
ndencies may be signalled in the hierarchy_descriptor as defined in 2.6.6, and when\there is at least one of the

m of

hich
ideo

sub-bitstreams in the set of received elementary streams having the value of stream_type’equal to 0x1F, the T-STD npodel

as de

Pack

The

scribed in 2.14.3.1 is extended as illustrated in Figure 2-15 and as specified. below.

Elementary streams associated by hierarchy_descriptor

EB,
Rbx :
_>| TBJl+|n RXH = MB“*"“ }& DRBn+m D&l‘ 1 (-]"' l)
ES., ) i )
o with [Tern—l Uu—\) - Idn[_ln)
OR [d(r] (-jnl | ) - tdn(.in)
» T8, |—| MB,, | —{DRB,,
DR, (j,) with Ay()

. td..(i 1
Ny By g S oy MR N NS
[Demux Access unit

re-assembling

(k)
>

- Other PIDs H.222.0(23) fF2-15
Figure 2-15 — T-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10
video with scalable video sub-bitstreams
following additionalnotations are used to describe the T-STD extensions and are illustrated in Figure 2-15.
ES, is the received elementary stream associated with dependency _id value equal to n
ESh is the received elementary stream associated with the highest value H of dependency_id presgnt in
the set of received elementary streams
j is an index to the re-assembled access units
Tn IS an INdex 10 the SVT dependency Tepresentations of e elementary stream associated with

198

dependency _id value equal to n

DRx(jn) s the jo-th SVC dependency representation of video sub-bitstream associated with dependency_id

value equal to n

Axu(j) is the j-th access unit resulting from re-assembling (up to) the ju-th SVC dependency representations

with dependency _id value equal to H

tda(jn) IS the decoding time, measured in seconds, in the system target decoder of the j,-th SVC dependency

representation of the video sub-bitstream associated with dependency_id value equal to n

tdu(j) is the decoding time, measured in seconds, in the system target decoder of the j-th access unit Axu(j)

resulting from re-assembling (up to) the ju-th SVC dependency representations DRu(ju)
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is equal to the decoding time value td,.i(jn.1) associated with the j.1-th SVC dependency
representation DR,.i(jn.1), indicated by the TREF field of the PES header of the j,-th SVC dependency
representation DRy(j.) of the same access unit

TB. is the transport buffer for elementary stream associated with dependency _id value equal to n

TBS, is the size of the transport buffer TB,, measured in bytes

MB, is the multiplexing buffer for elementary stream associated with dependency_id value equal to n

MBS, s the size of the multiplexing buffer MB,,, measured in bytes

DRB, isthe dependency representation buffer for elementary stream ES,

DRBS, is the size of dependency representation buffer DRB,, measured in bytes

EB. is the elementary stream buffer for all videa sub-bitstreams

EBSy s the size of elementary stream buffer EBy, measured in bytes

RxXn is the transfer rate from TB, to MB, as specified below

Rbx, is the transfer rate from MB, to DRB, as specified below
Carriage in PES packets
For gorrect re-assembling of the SVC dependency representations to an AVC access unit, ‘if there is both an [SVC
depenhdency representation with any dependency id equal ton and an SVC dependency representation |with
depenhdency_id equal to (n+1) in the same AVC access unit, the following applies:

DPB

The
timi

reprg

TB.,

The

© ISO/IEC 2023 - All rights reserved

buffer management

DPB buffer management for the re-assembledhAVC video stream shall conform to 2.14.3.1 using AVC accesg
g values, as DTS or CPB removal time~and PTS or DPB removal time, associated with the SVC depend
sentations of the video sub-bitstream in‘elementary stream ESy.

MB,, EB: buffer management

following applies:

a PES packet per SVC dependency representation start shall be present;.ie., at most one SVC depend
representation may commence in the same PES packet;

the PTS and, if applicable, the DTS value shall be provided in the PES header of each SVC depend
representation;

if the DTS value of the SVC dependency representatiornwith dependency_id equal to n is different
the DTS value of the SVC dependency representatienwith dependency_id equal to (n+1) of the
access unit, the TREF field as defined in 2.4.3.7 shall"be present in the PES header extension of the
dependency representation with dependency_idcequal to (n+1) and the TREF field value shall be equ
the DTS value of the SVC dependency representation with dependency _id equal to n.

There is exactly-one transport buffer TB as defined in 2.14.3.1 for each received elementary stream i
set of received,video sub-bitstreams contained in elementary streams as shown in Figure 2-15.

There is.exactly one multiplexing buffer MB, for the AVC video sub-bitstream of SVC in eleme
stream ESo, where the size of the multiplexing buffer MBSy is constrained as follows:

MBSy = BSmuxo + BSono+ 1200 x MaxCPBJlevel], — cpb_size,

ency

ency

from
bame
SVC
al to

unit
ency

h the

htary

ESo;

where BSmux,, BSoh,o are defined in 2.14.3.1 for the AVC video sub-bitstream of SVC in elementary st[eam

where MaxCPBJ[level]o and cpb_size, for the elementary stream ESy are defined as in 2.14.3.1.

NOTE 1 — If HRD parameters are present in at least one of the video sub-bitstreams, those parameters have
carefully handled in order to not unnecessarily increase the multiplexing buffers allocation.

There is exactly one multiplexing buffer MB, for each received elementary stream associated

to be

with

dependency _id value not equal to 0, where the size of each multiplexing buffer MBS, is constrained as

follows:

MBSn = BSmux,n"‘ BSoh,n

where BSmuxn, BSonn are defined in 2.14.3.1 for the AVC video stream resulting from re-assembling (up to)

the SVC video sub-bitstream in elementary stream ES,.
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There is exactly one elementary stream buffer EBy for all the elementary streams in the set of received
elementary streams as shown in Figure 2-15, of which the size EBSy has the following value:

EBSH = cpb_sizey

where cpb_sizey is the cpb_size for the SVC video sub-bitstream in elementary stream ESy as defined
in 2.14.3.1 for the re-assembled AVC video stream.

There is exactly one dependency representation buffer DRB, for each elementary stream in the set of
received elementary streams as shown in Figure 2-15, where each dependency representation buffer DRB,
in the set of received elementary streams is allocated within EBn. Even though the size DRBS, of
individual DRB, is not constrained, the sum of the sizes DRBS, is constrained as follows:

Accgss unit re:assembling and EB removal

The following specifies the access unit re-assembling that results in AVC access unit Au(j):

i)

EBSH = Zn (DRBSy)

Transfer from TB, to MB, is applied as follows:
When there is no data in TB, then Rx, is equal to zero. Otherwise:

Rx, = bit_rate

where bit_rate is 1.2 x BitRate[ SchedSelldx ] of data flow into the CPB for-the byte stream formaf and
BitRate[ SchedSelldx ] is as defined in Annex E of Rec. ITU-T H.264 |4SO/IEC 14496-10 when NAL
hrd_parameters() is present in the VUI parameters of the SVC video sub<hitstream.

NOTE 2 — Annex E also specifies default values for BitRate[ SchedSelldx] based on profile and level when|NAL

HRD parameters are not present in the VUI. The SVC video sub-bitstceam level is determined by the level of|]AVC
video stream resulting from re-assembling (up to) the associated video sub-bitstream n in elementary strean] ESn.

Transfer from MB, to DRB, is applied as follows:

If the AVC_timing_and_HRD_descriptor is present with the hrd_management_valid_flag set to '1' for
elementary stream ESy, then the transfer of data from WB,, to DRB, shall follow the HRD defined sclheme
for data arrival in the CPB of elementary stream ESy; as defined in Annex C of Rec. ITU-T H.264 | ISQ/IEC
14496-10.

Otherwise, the leak method shall be used to transfer data from MB, to DRB;, as follows:
Rate Rbxx:

Rbxq =1200 x MaxBR[level],

where MaxBR[level], is (defined for the byte stream format in Table A.1 (Level Limit§) in
Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level of the AVC video stream resulting from re-assempling
(up to) the associated-Video sub-bitstream n in elementary stream ES,. If there is PES packet payload data
in MB,, and buffer-EBy, is not full, the PES packet payload is transferred from MB, to DRB,, at a rate ¢qual
to Rbx,. If EBp-is full, data are not removed from MB,. When a byte of data is transferred from MB, to
DRB,, all PES:packet header bytes that are in MB, and precede that byte are instantaneously removed and
discarded-When there is no PES packet payload data present in MB,, no data is removed from MBy. All
data thatenters MB,, leaves it. All PES packet payload data bytes enter DRB,, instantaneously upon legving
MBH#,

Collect all SVC dependency representations DR,(j,) starting with the highest value of dependency [id n,

equal to H, to the lowest value of dependency id n, equal to m, present in access unit Au(j) following the
rule below:

»  For each two corresponding DRy (jy+1) and DRy(jy) of the SVC dependency representations collected
for access unit A,(j), if TREF field is present for DRy 1(jy+1), the TREF value of DRy+(jy+1) trefyi(jy+1)
shall be equal to the DTS value td,(j,) of DRy(jy), otherwise the DTS value of tdy+1(jy+1) of DRy+1(jy+1)
shall be equal to DTS value tdy(j,) of DRy(jy).

Assemble the SVC dependency representations in consecutive order of dependency _id n starting from 'm'
to 'H' for the j-th access unit Au(j). If SEI NAL units are present in any SVC dependency representation
with dependency _id not equal to 0, these NAL units shall be re-ordered to the order of NAL units within
an access unit as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10 before access unit re-assembling.
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NOTE 2 — The number of SVC dependency representations for each access unit An(j) may vary depending on
value of j. If m represents the lowest value of dependency_id for access unit AH(j), then the collected and
assembled SVC dependency representations include DRm(jm), DRm+1(jm+1), ..., DRH(jH).

The following specifies the removal of access unit A(j) from buffer EB,;:

At time tdu(j) the AVC access unit Au(j) shall be re-assembled and available for removal from buffer EB,. The
decoding time td.(j) is specified by the DTS or by the CPB removal time that is associated with the SVC
dependency representations in elementary stream ESy, as derived from information in the re-assembled AVC
video stream.

STD delay

The STD delay for re-assembled AVC access units shall follow the constraints specified in 2.14.3.1.

BuflLr management conditions

Trangport streams shall be constructed so that the following conditions for buffer management are satisfied:
«  Each TB, shall not overflow and shall be empty at least once every second.
«  Each MB,, EBy, and DPB shall not overflow.

«  EBg shall not underflow, except when VUI parameters are present for the AVC video sequence of the re-
assembled AVC video stream with the low_delay _hrd_flag set to '1'. Underflow of EBy occurs for AVC
access unit Au(j) when one or more bytes of An(j) are not present in EBy at the decoding time tdu(j)

2.1413.6 P-STD extensions for SVC

The |[P-STD model described in 2.14.3.2 is applied if the decoded elementdry“stream is a video sub-bitstream of
strean_type Ox1B, i.e., only the AVC video sub-bitstream of SVC is decoded.

Wheh there is a set of decoded video sub-bitstreams in a Rec. ITU-T H:222.0 | ISO/IEC 13818-1 program, for which
depenhdencies may be signalled in the hierarchy_descriptor as defined-\in‘2.6.6, and when there is at least one of the yideo
sub-lpitstreams in the set of decoded elementary streams having the.valte of stream_type equal to Ox1F, the P-STD model
as dqgscribed in 2.14.3.2 is extended as illustrated in Figure 2-16 and as specified below.

Elementary streams associated bythierarchy_descriptor

|-

Program
stream,,

» DRB

[

mm DRn-IUN‘L)
with'tref, ., () = td,G,)
OR td,; (i) == td,Gy,)

:

» DRB,,,

o

DR, (j,) with Ay() Py(k)

ldn(jn) 0o thU) l:pH k)
Access unit

re-assembling

%)

: PS
(1) Demux

O ---- Other progrtm streams H.222.0(23) F2-16

Figure 2-16 — P-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10
Video with scalable video sub-bitstreams

The tallowing additional notations are used to describe the P-STD extensions and are illustrated in Figure 2-16 ahove.

ES, is the decoded elementary stream associated with dependency _id value equal to n

ESu is the decoded elementary stream associated with the highest value H of dependency_id in the set of
decoded elementary streams

j is an index to the re-assembled access units

Jn is an index to the SVC dependency representations of the elementary stream associated with

dependency _id value equal to n

DRu(jn) s the jo-th SVC dependency representation of video sub-bitstream associated with dependency _id
value equal ton
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Cari

For
depe
depe

DPB
The
timi
repre
Bnb

The

Axu(j) is the j-th access unit resulting from re-assembling (up to) the ju-th SVC dependency representations
with dependency _id value equal to H

tda(jn)  is the decoding time, measured in seconds, in the system target decoder of the j,-th SVC dependency
representation of the video sub-bitstream associated with dependency _id value equal to n

tdu(j) is the decoding time, measured in seconds, in the system target decoder of the j-th access unit Ax(j)
resulting from re-assembling (up to) the ju-th SVC dependency representations DRu(j)

trefa(jn) is equal to the decoding time value tds.i(jni1) associated with the j..1-th SVC dependency
representation DR,.1(js-1), indicated by the TREF field of the PES header of the j,-th SVC dependency
representation DRy(j,) of the same access unit

Bu is the input buffer for all decoded video sub-bitstreams

RC oth 12 £l st o D wedaia by dac

DJUH o UIC o120 UT U110 IIIPUL NUTITCT DJH, TTricaourcuinmt MyLUJ

DRB, isthe dependency representation buffer for elementary stream ES,

DRBS, is the size of dependency representation buffer DRB,, measured in bytes

iage in PES packets

Correct re-assembling of the SVC dependency representations to an AVC access unit, ifythere is both an SVC

buffer management

hffer management

following applies:

ndency representation with any dependency id equal ton and an SVC dependency representation |with
ndency_id equal to (n+1) in the same AVC access unit, the following applies:

» aPES packet per SVC dependency representation start shall be present, i\é:,\at most one SVC dependency
representation may commence in the same PES packet;

» the PTS and, if applicable, the DTS value shall be provided in the PES header of each SVC dependency
representation;

« if the DTS value of the SVC dependency representation with dependency _id equal to n is different from
the DTS value of the SVC dependency representation‘with dependency id equal to (n+1) of the pame
access unit, the TREF field as defined in 2.4.3.7 shall.be present in the PES header extension of the SVC
dependency representation with dependency_id equal'to (n+1) and the TREF value shall be equal tp the
DTS value of the SVC dependency representationéwith dependency_id equal to n.

DPB buffer management for the re-assembled AVC video stream shall conform to 2.14.3.1 using AVC accesq unit
g values, as DTS or CPB removal time, and\PTS or DPB removal time, associated with the SVC dependency
sentations of the video sub-bitstream in elementary stream ESg.

«  There is exactly gne-€lementary stream buffer By for all the elementary streams in the set of degoded
elementary streams as shown in Figure 2-16, where the size of BSy is defined by the P-STD_buffer| size
field in the PES-packet header of elementary stream ESy.

+  There is'exactly one dependency representation buffer DRB,, for each elementary stream in the set of
decoded elementary streams as shown in Figure 2-16, where each dependency representation buffer DRB,
in the'set of decoded elementary streams is allocated within BSn. Even though the size DRBS, of individual
DRB, is not constrained, the sum of the sizes DRBS, is constrained as follows:

BSH = Zn (DRBSn)

i T | i - T SH as

defined in 2.14.3.2 for the re-assembled AVC video stream.

Access unit re-assembling and B removal

The following specifies the access unit re-assembling that results in AVC access unit Au(j):

202

i) Collect all SVC dependency representations DR,(j,) starting with the highest value of dependency_id n,
equal to H, to the lowest value of dependency id n, equal to m, present in access unit Au(j) following the
rule below:

For each two corresponding DRy« (jy+1) and DRy(jy) of the SVC dependency representations collected
for access unit A,(j), if TREF field is present for DRy 1(jy+1), the TREF value of DRy+(jy+1) trefyi(jy+1)
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shall be equal to the DTS value td,(j,) of DRy(jy), otherwise the DTS value of tdy:i(jy+1) of DRy+1(jy+1)

shall be equal to DTS value tdy(j,) of DRy(jy).

ii) Assemble the SVC dependency representations in consecutive order of dependency _id n starting from 'm'’
to 'H' for the j-th access unit An(j). If SEI NAL units are present in any SVC dependency representation

with dependency _id not equal to 0, these NAL units shall be re-ordered to the order of NAL units w
an access unit as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10 before access unit re-assembling.

ithin

NOTE — The number of SVC dependency representations for each access unit Ax(j) may vary depending on value
of j. If m represents the lowest value of dependency_id for access unit Axu(j), then the collected and assembled

SVC dependency representations include DRm(jm), DRm+1(jm+1), ..., DRu(jn).

The following specifies the removal of access unit Ay(j) from buffer By:

At time td,(ju) the AVC access unit A,(ju) shall be re-assembled and available for removal from buffer B,..

STD

The BTD delay for the re-assembled AVC access units shall follow the constraints specified in 2,12-3.2.

Buffer management conditions

Progfram streams shall be constructed so that the following conditions for buffer management are satisfied:

2.14

The
streal
deco

Whe
ISO

wher there is at least one of the MVC video subsbitstreams in the set of received elementary streams having the val
_type equal to 0x20, the T-STD maodel as described in 2.14.3.1 is extended as illustrated in Figure 2-17 apd as

streal
spec

Pac

video stream.

delay

. Bn shall not overflow.

re-assembled AVC video stream with the low_delay _hrd_flag sétto '1' or when trick_mode status is
Underflow of By occurs for AVC access unit An(j) when one©r more bytes of Au(j) are not present
at the decoding time tdn(j).

3.7 T-STD extensions for MVVC and MVVCD

n_type Ox1B, i.e., only the AVC video sub-bitstream,of*MVC or MVC base view sub-bitstream is received
fed.

h there is a set of received video sub-bitstreams and MVC video sub-bitstreams in a Rec. ITU-T H.22
EC 13818-1 program, of which dependencies\may be signalled in the hierarchy descriptor, as defined in 2.6.7

fied below.

MVC elementary streams associated to the same program

EB,

Kets of Rx +m l:{bxnlm
ID,... —>| TB, - MB,,., }T VSB,.,

ntm

VSn- 1 (.in‘ L) with

The

decoding time td.(j) is specified by the DTS or by the CPB removal time that is associated with the SVC
dependency representations in elementary stream ESy, as derived from information in the re-assembled AVC

*  Bu shall not underflow, except when VUI parameters are presentfor the AVC video sequence of the

true.
n By

T-STD model described in 2.14.3.1 is applied if the .received elementary stream is a video sub-bitstreapn of

and

0.0 |

and

e of

tdys (o) == td,G,)
O/+| T8, |——{MB,., [—blvsB,,
VS, (j,) with Ay() (k)
td,(j,) tdy(j) Py (k)
—p TSo—» TB, }—>| MB, }7 VSB, oy Dy DPB (5
1) Dermux $| Access unit
TC-asSCIMDIME
_____ » Other PIDs H.222.0(23) F2-17
Figure 2-17 — T-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10 Video
with MV C video sub-bitstreams
The following additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-17.
ES, is the received elementary stream associated with the n-th MVC video sub-bitstream, where n is the

index to the MVC view _id subsets starting with value 0 for the MVC view _id subset containing the
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DPB
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subs
TBn,

The

base view and ordered according to the minimum view order index contained in each MVC video
sub-bitstream

ESu is the received elementary stream associated with the H-th MV C video sub-bitstream which includes
the view components with the highest view order index present in all MVC video sub-bitstreams of
received elementary streams

j is an index to the re-assembled access units

Jn is an index to the MV C view-component subsets of the elementary stream ES,, associated with the n-
th MVC video sub-bitstream

VSu(jn) is the ju-th MVC view-component subset of the MV C video sub-bitstream associated with ES,

Ax(j) is the j-th access unit resulting from re-assembling (up to) the H-th MVC view-component subset

atad stk O
UoSOULTULLU U VVILIT I JH

tda(jn)  is the decoding time, measured in seconds, in the system target decoder of the MVC view—comptlanent
subset VS,(jn)

tdu(j) is the decoding time, measured in seconds, in the system target decoder of the j-th aceess unit Axu(j)
resulting from re-assembling (up to) the MVC view-component subset VSu(ju)

TB, is the transport buffer for elementary stream ES,

TBS, is the size of the transport buffer TBy,, measured in bytes

MB, is the multiplexing buffer for elementary stream ES,

MBS, is the size of the multiplexing buffer MB,,, measured in bytes

VSB, isthe view component subset buffer for elementary stream ESy

VSBS, s the size of view component subset buffer VSB,, measuredin bytes

EBwu is the elementary stream buffer for the AVC video subsbitstream of MVC and all MVC video|sub-
bitstreams

EBSu s the size of elementary stream buffer EBy, measured in bytes

RxXn transfer rate from TB, to MB,, as specified.below

Rbx, transfer rate from MB,, to VSB,, as specified below

iage in PES packets

orrect re-assembling of the MV C view-component subsets to an AVC access unit, the following applies:

e a PES packet per MVC vieWw:component subset start shall be present, i.e., at most one MVC
view-component subset may commence in the same PES packet;

« the PTS and, if applicable, the DTS value shall be provided in the PES header of each MVC
view-component subset:

buffer management

MB:, EB;y buffer management

following applies:

DPB buffer management for the re-assembled AVC video stream shall conform to 2.14.3.1 using AVC accesq unit
g values, as DTS-ar-CPB removal time, and PTS or DPB removal time, associated with the MVC view-compgnent
bts of the MVVC video sub-bitstream in elementary stream ESp.

«  Thereis exactly one transport buffer TB, as defined in 2.14.3.1, for each received elementary stream in the

204

SET Of TECRIVed MIVC VITe0 Sub-bitstreams, mciuding AVC VIleo sub-bitstrean of MVYC,contained in
elementary streams as shown in Figure 2-17.

«  There is exactly one multiplexing buffer MB, for the AVC video sub-bitstream of MVC in elementary
stream ESo, where the size of the multiplexing buffer MBSy is constrained as follows:

MBSy = BSmuxo + BSeno+ 1200 x MaxCPBJlevel], — cpb_size,

where BSmux,o, BSoh,o are defined in 2.14.3.1 for the AVC video sub-bitstream of MVC in elementary
stream ESo.

where MaxCPBJ[level], and cpb_size, for the elementary stream ESy are defined, as in 2.14.3.1.
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NOTE 1 — If HRD parameters are present in at least one of the MVC video sub-bitstreams, those parameters have
to be carefully handled in order to not unnecessarily increase the multiplexing buffers allocation.

+  There is exactly one multiplexing buffer MB, for each received elementary stream associated with view
order index value not equal to 0, where the size of each multiplexing buffer MBS, in the set of received
elementary streams is constrained as follows:

MBSn = BSmux,n+ BSoh,n

where BSmuxn, BSohn are defined in 2.14.3.1 for the AVC video stream resulting from re-assembling (up
to) the MVC video sub-bitstream in elementary stream ES,.

»  There is exactly one elementary stream buffer EBy for all the elementary streams in the set of received
elementary streams as shown in Figure 2-17, of which the size EBSy has the following value:

EBSH = cpb_sizen

where cpb_sizey is the cpb_size for the MVC video sub-bitstream in elementary stream ESy as defingd in
2.14.3.1 for the re-assembled AVC video stream.

»  There is exactly one view component subset buffer VSB;, for each elementary stream(in the set of recg¢ived
elementary streams as shown in Figure 2-17, where each view component subset\buffer VSB,, in the et of
received elementary streams is allocated within EBy. Even though the size YSBS, of individual VB, is
not constrained, the sum of the sizes VSBS,, is constrained as follows:

EBSH =Y, (VSBSh)

»  Transfer from TB, to MB, is applied as follows:
Rate Rxn:
when there is no data in TBy, then Rx, is equal to zera;
Otherwise: Rx, = bit_rate

where bit_rate is 1.2 x BitRate[ SchedSelldx ]\0f data flow into the CPB for the byte stream formaf and
BitRate[ SchedSelldx ] is as defined in AnnexE of Rec. ITU-T H.264 | ISO/IEC 14496-10 when NAL
hrd_parameters() is present in the VUI parameters of the MV C video sub-bitstream.
NOTE 2 — Annex E also specifies default'values for BitRate[ SchedSelldx] based on profile and level when|NAL
HRD parameters are not present in<the VUI. The MVC video sub-bitstream level is determined by the leyel of

AVC video stream resulting from!re-assembling (up to) the associated MVC video sub-bitstream n in elemgntary
stream ESn.

»  Transfer from MB; to VSBy'is applied as follows:

If the AVC_timing_anhdys HRD_descriptor is present with the hrd_management_valid_flag set to '1' for
elementary stream-ESy, then the transfer of data from MB, to VSB,, shall follow the HRD defined scleme
for data arrival in the CPB of elementary stream ESy as defined in Annex C of Rec. ITU-T H.264 | ISQYIEC
14496-10.

Otherwisé;-the leak method shall be used to transfer data from MB,, to VSB,, as follows:
Rate/Rbx,:

Rbx, = 1200 x MaxBR[level],

where MaxBR[level], is defined for the byte stream format in Table A.1 (Level limit§) in
Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level of the AVC video stream resulting from re-assempling
(up to) the associated MVC video sub-bitstream n in elementary stream ES;. It there 1s PES packet payload
data in MB,, and buffer EBy is not full, the PES packet payload is transferred from MB, to VSB,, at a rate
equal to Rbx,. If EBy is full, data are not removed from MB,.. When a byte of data is transferred from MB,
to VSB,, all PES packet header bytes that are in MB, and precede that byte are instantaneously removed
and discarded. When there is no PES packet payload data present in MB,, no data is removed from MB,,.
All data that enters MB, leaves it. All PES packet payload data bytes enter VSB, instantaneously upon
leaving MBi.

Access unit re-assembling and EB removal

The following specifies the access unit re-assembling that results in AVC access unit Au(j):
i)  Assemble the MVC view-component subsets for the j-th access unit Au(j) following the rule below:
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«  For each two corresponding MVC view-component subsets VSy+i(jy+1) and VSy(jy) collected for
access unit Ay(j), where VS, is associated with a program element identified by the
hierarchy_layer_index indicated in the associated hierarchy descriptor, and VSy.; indicates the
hierarchy_layer_index of VS, as the hierarchy_embedded_layer_index in the hierarchy descriptor
associated with program element associated with VSy.1, the DTS value of tdy+1(jy+1) of VSyi1(jy+1)

fottow P o IO M—— _
At the decoding time td.(j), the AVC access unit Ay(j) shall be re-assembled and available for removat [from
buffer EBy. The decoding time td.(j) is specified by the DTS or by the CPB removal time that is associated|with

shall be equal to DTS value tdy(jy) of VSy(jy).

NOTE 3 — If no hierarchy descriptor is present, VSy is associated with the AVC sub-bitstream and VSy+1 is

associated with the MV C sub-bitstream.
ii) If SEI NAL units are present in any MVC view-component subset with view order index not equal

to 0,

these NAL units shall be re-ordered to the order of NAL units within an access unit, as defined in

Rec. ITU-T H.264 | ISO/IEC 14496-10, before access unit re-assembling.

the MVC view-component subsets in elementary stream ESy, as derived from information in the re-asse
AVC video stream.

delay

5TD delay for re-assembled AVC access units shall follow the constraints specified in 2:14.3.1.

sport streams shall be constructed so that the following conditions for buffer management are satisfied:
+  Each TB, shall not overflow and shall be empty at least once every:second.
«  Each MB,, EBy, and DPB shall not overflow.

»  EBg shall not underflow, except when VUI parameters are present for the AVC video sequence of th
assembled AVC video stream with the low_delay_hrdxflag set to '1'. Underflow of EBy occurs for
access unit Au(j) when one or more bytes of An(j).are not present in EBy at the decoding time tdu(j)

n_type Ox1B, i.&,, only the AVC video sub-bitstream of MVC or MVC base view sub-bitstream is decoded.

h there is a setof decoded MV C video sub-bitstreams in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, of w
order index/values may be signalled in the MVVC_extension_descriptor, as defined in 2.6.78, and when there
one of,the MVC video sub-bitstreams in the set of decoded elementary streams having the value of stream|
to/0x20, the P-STD maodel, as described in 2.14.3.2, is extended as illustrated in Figure 2-18 and as specified be

bled

e re-
AVC

br management for MVCD video sub-bitstream follows.the same extensions as specified for MVC video i this
e. Carriage in PES packets for MVCD video sub-bitstteam is specified below:
iage of MVCD sub-bitstream in PES packets
orrect re-assembling of the MVCD view-component subsets to an AVC access unit, the following applies:
* a PES packet per MVCD/view-component subset start shall be present, i.e., at most one MyVCD
view-component subset may-commence in the same PES packet;
- the PTS and, if applicable, the DTS value shall be provided in the PES header of each MyVCD
view-component subset.
3.8 P-STD extensionsfor MVC
P-STD model described in 2.14.3.2 is applied if the decoded elementary stream is a video sub-bitstream of

hich
is at
type
low.
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The following additional notations are used to describe the P-STD extensions and are illustratethin’Figure 2-18 abo

ES,

ESu

j

Jr
VSu(jn)
Ax(j)
tdn(jn)
tdu(j)

Bu
BSH
VSB,
VSBS,

Carriage in PES packets

For gorrect.resassembling of the MV C view-component subsets to an AVC access unit, the following applies:

O ---- Other program streams H.222.0(23)_F2-18

Figure 2-18 — P-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10 Video

o a PES packet per MVC view-component subset start shall be present, i.e., at most one |
\/in\/\l_r‘nmlnnnnnf subset may commence in the same PES Inar‘l(pf;

with MVC video sub-bitstreams

is the received elementary stream associated with the n-th MVC videe sub-bitstream, where n
index to the MVC view _id subsets starting with value 0 for the MVAE.view _id subset containin
base view and ordered according to the minimum view order index contained in each MVC vig
subset

is the received elementary stream associated with the H-th M\VC video sub-bitstream which inc
the view components with the highest view order index present in all MVC view_id subse
received elementary streams

is an index to the re-assembled access units

is an index to the MVC view-component subsets of the elementary stream associated with the
MVC view _id subset

is the j,-th MVC view-component subset of the MV C video sub-bitstream associated with ES,

is the j-th access unit resulting from re-assembling (up to) the H-th MVC view-component s
associated with ESy

s the
j the
W_id
udes
ts of

n-th

Ibset

is the decoding time, measured in seconds, in the system target decoder of the MV C view-compgnent

subset VS,(jn)

is the decoding time,'measured in seconds, in the system target decoder of the j-th access unit
resulting from re=assembling (up to) the MVC view-component subset VSu(jn)

is the input huffer for all decoded MV C video sub-bitstreams

is the sizeé of the input buffer By, measured in bytes

is the wiew component subset buffer for elementary stream ES,

is\the size of view component subset buffer VSB,, measured in bytes

An()

/1VC

« the PTS and, if applicable, the DTS value shall be provided in the PES header of each MVC
view-component subset.

DPB buffer management

The DPB buffer management for the re-assembled AVC video stream shall conform to 2.14.3.1 using AVC access unit
timing values, as DTS or CPB removal time, and PTS or DPB removal time, associated with the MVC view-component
subsets of the MV C video sub-bitstream in elementary stream ESy.
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B buffer management

The following applies:

+  There is exactly one elementary stream buffer By for all the elementary streams in the set of decoded
elementary streams as shown in Figure 2-18, where the size of BSy is defined by the P-STD_buffer_size
field in the PES packet header of elementary stream ESy.

«  There is exactly one view component subset buffer VSB, for each elementary stream in the set of decoded
elementary streams as shown in Figure 2-18, where each view component subset buffer VSB,, in the set of
decoded elementary streams is allocated within BSn. Even though the size VSBS, of individual VSB, is
not constrained, the sum of the sizes VSBS,, is constrained as follows:

BSh =>n (VSBS))

Accgss unit re-assembling and B removal

The

The

STD
The

Buffer management conditions

Prog

following specifies the access unit re-assembling that results in AVC access unit A(j):

following specifies the removal of access unit Aq(j) from buffer B:

delay

5TD delay for the re-assembted-AVC access units shall follow the constraints specified in 2.14.3.2.

Fam streams shall be-constructed so that the following conditions for buffer management are satisfied:

where BSy is the size of the input buffer for the MVC video sub-bitstream in elementary stream ESy, a3 defined
in 2.14.3.2, for the re-assembled AVC video stream.

i)  Assemble the MVC view-component subsets for the j-th access unit Ax(j) followirg the rule below:

»  For each two corresponding MVC view-component subsets VSy.i(jy+1)/and VSy(jy) collectefl for
access unit Ay(j), where VS, is associated with a program\“element identified by| the
hierarchy_layer_index indicated in the associated hierarchy deseriptor, and VSy. references V§y by
the hierarchy_embedded_layer_index indicated in the hierarchy-descriptor associated with program
element associated with VSy.1, the DTS value of tdy+1(jy+1) 05 VSy+1(jy+1) shall be equal to DTS Yalue

tdy(jy) of VS,(jy).

NOTE — If no hierarchy descriptor is present, VSy isassoCiated with the AVC sub-bitstream and V$y+1 is
associated with the MV C sub-bitstream.

ii) If SEI NAL units are present in any MVC view-component subset with view order index not equal|to O,
these NAL units shall be re-ordered to the order oftNAL units within an access unit, as defined in Rec. | TU-
T H.264 | ISO/IEC 14496-10, before access unitre-assembling.

At the decoding time tdu(ju), the AVC access unit Ax(ju) shall be re-assembled and available for removal from
buffer By. The decoding time td.(j) is specified by the DTS or by the CPB removal time that is associated|with
the MVC view-component subsets.in"elementary stream ESy, as derived from information in the re-assenbled
AVC video stream.

. B shallMhot overflow.

«  Bwn'shall not underflow, except when VUI parameters are present for the AVC video sequence of the
recassembled AVC video stream with the low_delay _hrd_flag set to '1', or when trick_mode status is|true.
Underflow of By occurs for AVC access unit Ax(j) when one or more bytes of Ay(j) are not present in By
at the decoding time tdw(j).

2.15

2151

Carriage of ISO/IEC 14496-17 text streams

Introduction

This subclause defines the carriage of ISO/IEC 14496-17 elementary text streams within Rec. ITU-T H.222.0 |
ISO/IEC 13818-1 systems, both for program and transport streams. Typically, an ISO/IEC 14496-17 text stream will be
an element of an ISO/IEC 13818-1 program, as defined by the PMT in a transport stream and the PSM in a program
stream. The carriage and buffer management of ISO/IEC 14496-17 text streams is defined using existing parameters from
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 such as PTS and DTS, as well as information from the ISO/IEC 14496-17 text
stream. For this purpose, 2.15.3 specifies the decoding of ISO/IEC 14496-17 streams within the T-STD and P-STD
models, using the Hypothetical Text Decoder (HTD) defined in ISO/IEC 14496-17.
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When an ISO/IEC 14496-17 text stream is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the
ISO/IEC 14496-17 coded data shall be contained in PES packets, as defined in 2.15.2. Information needed to decode the
ISO/IEC 14496-17 text stream is provided by the MPEG-4 text descriptor, specified in 2.6.70.

Applications that wish to transmit font streams as specified in ISO/IEC 14496-18, can reference the streamed fonts as
specified in Annex A.1 of ISO/IEC 14496-17. To transmit ISO/IEC 14496-18 font streams, applications can use the data
or object carousel as defined in ISO/IEC 13818-6.

2.15.2  Carriage in PES packets

ISO/IEC 14496-17 text streams are carried in PES packets, using one of the assigned 14 stream_id_extension values. If
the textFormat field in TextConfig() is coded with the value 0x01, indicating Timed Text as specified in 3GPP TS 26.245,
then the text stream consists of a concatenation of 3GPP Text Access Units in display order, whereby each Text Access

Unit
requ
byte

for ajignment; hence, the first TTU in a PES packet may contain for example a non-first fragment of a Text/Access

ora

AP
shall
packl
PES
in S

2.15

2.15

The
defin
buffe
TTU

Buffer managément

The
The

CUI Ibibtb Uf Ul Ut mmore bU'Ld.“t‘UI TTIUID FUI vdll io.gc iII PES pa\,'r\cta, diiglllllb’l It IlJt:tVVt:t:Il PES pabkcia <J.IluI TT
red; i.e., the first byte in the payload of a PES packet carrying an ISO/IEC 14496-17 text stream shall be, the
of a TTU, which is the first byte of the TTU header specified in 7.4.2 in ISO/IEC 14496-17. There is na_further

Bample Description.

S shall be coded in the PES packet header of each PES packet carrying an ISO/IEC 14496-17 text stream. The
refer to the first Text Access Unit that commences in the PES packet. A Text Access Unit)commences in a
bt if a TTU[1] with a complete text sample or the TTU[2] with the first fragment of atext sample is present i
packet. For identifying whether a TTU[2] carries the first or a subsequent text sampledfragment, see 7.3.2.2 and
O/IEC 14496-17.

3 STD extensions

3.1 T-STD extensions

T-STD model includes a transport buffer TB, and a multiplex buffer’ B, prior to the Hypothetical Text De
ed in ISO/IEC 14496-17. transport stream packets with ISO/IEC, 14496-17 data, as indicated by its PID, entg
r TBn. Bytes are removed from TB, to enter Buffer B, at therrate Rx,. Delivery of bytes from B, to ente
Decoder in the HTD is at rate Rbx,. See also Figure 2-19.

—>| textSampleBuffer H textDecoder
F 3
4>| in-band-SD Buffer H

out-of-band-SD
Buffer

Hypothetical text decoder as defined in ISO/IEC 14496-17

H.222.0(23)_F2-1

Decoded

RbX text

n

TTU
decoder

TB

Figure 2-19 — T-STD model extensions for ISO/IEC 14496-17 text streams

ize TBSyof TB is equal to 512 bytes. For ISO/IEC 14496-17 text streams, the size BS; of B, is equal to 4096 1
rate’ Rx; is equal to 2 000 000 bits/s. The rate Rbx, meets the delivery schedule defined for ISO/IEC 14496-17

S is
first
need
unit

PTS
PES
h the
7.4.5

oder
r the
r the

ytes.
data

at th

b input of the HTD in clause 7.7 of ISO/IEC 14496-17. i.e.. Rbx, = R[profile. level] if the textSampleBuffer i

not

full and Rbx, = 0 if the textSampleBuffer is full, where R[profile, level] is defined as the profile and level specific rate R
in clause 7.8 of ISO/IEC 14496-17.

Each of the following requirements shall apply:

© ISO/IEC 2023 - All rights reserved

Buffer TB;, shall not overflow.
Buffer B, shall not overflow.
Each HTD requirement specified in clause 7.7 of ISO/IEC 14496-17 shall be met.
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2.15.3.2 P-STD extensions

The P-STD maodel for the decoding of an ISO/IEC 14496-17 text stream includes a multiplex buffer B, prior to the
Hypothetical Text Decoder defined in ISO/IEC 14496-17. For each ISO/IEC 14496-17 text stream n, the size BS, of
buffer B, in the P-STD is defined by the P-STD_buffer_size field in the PES packet header.

Each of the following requirements shall apply:
—  Buffer B, shall not overflow.
—  Each HTD requirement specified in clause 7.7 of ISO/IEC 14496-17 shall be met.

2.16 Carriage of auxiliary video streams

c vV VIiucU C W,

Rec.[ITU-T H.222.0 | ISO/IEC 13818-1 streams as follows:
« inTable 2-27, 16 stream-id_extension values are assigned to signal auxiliary video streams;

over

* in Table 2-34, one stream-type value is assigned to signal an auxiliary video stream;

« inTable 2-45, one descriptor tag is assigned to indicate an auxiliary video stream descriptor;
e in 2.6.74 the auxiliary video stream descriptor is specified;

«  the auxiliary video stream descriptor is associated with each auxiliary video stream.

Auxiliary video streams provide additional information about a conventional primary\wdeo sequence, as specifigd in
ISO/JEC 23002-3. The auxiliary video stream shall be synchronized with its primary.video counterpart through the use
of tiestamps in the associated PES header based on the same PCR clock.

In cgse a program contains multiple video streams, it will be up to the applieation to specify the association betweeh the
videg component and auxiliary video streams.

2.17 Carriage of HEVC

2171  Constraints for the transport of HEVC

For HEVC video streams, HEVC temporal video sub-hitstreams or HEVC temporal video subsets, the following
constraints additionally apply:

. Each HEVC access unit shall contair_an access unit delimiter NAL unit.

NOTE 1 - HEVC requires that ahiaccess unit delimiter NAL unit, if present, is the first NAL unit within an HEVC
access unit. Access unit delimiter NAL units simplify the ability to detect the boundary between HEVC gccess
units.

* An HEVC video streamier HEVC temporal video sub-bitstream of an HEVC video stream conformifpg to
one or more profiles defined in Annex A of Rec. ITU-T H.265 | ISO/IEC 23008-2 shall be an elemgnt of
aRec. ITU-T H.222,0 | ISO/IEC 13818-1 program and the stream_type for this elementary stream shall be
equal to Ox24.

NOTE 2.=Such a stream can be the HEVC base sub-partition of an HEVC video stream conforming to gne or
more.profiles defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2.

»  The<yvidéo parameter sets, sequence parameter sets and picture parameter sets, as specified in [Rec.
ITYU=T H.265 | ISO/IEC 23008-2, that are necessary for decoding an HEVC video stream or HEVC
temporal video sub-bitstream shall be present within the elementary stream carrying that HEVC yideo
stream or HEVC temporal video sub-bitstream.

For each HEVC temporal video subset of an HEVC video stream conforming to one or more profiles

= nada A n O—A

NOTE 3 — Such a stream can be an HEVC sub-partition of an HEVC video stream conforming to one or more
profiles defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2.

e An HEVC enhancement sub-partition of an HEVC video stream conforming to one or more profiles
defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2 shall be an element of an
Rec. ITU-T H.222.0 | ISO/IEC 13818 1 program. The stream_type for this elementary stream shall be set
according to Table 2-34.

»  The video parameter sets, sequence parameter sets, and picture parameter sets, as specified in Rec. ITU-T
H.265 | ISO/IEC 23008-2, necessary for decoding an HEVC video stream, HEVC temporal video
sub-bitstream, or HEVC base sub-partition shall be present within the elementary stream carrying that
HEVC video stream, HEVC temporal video sub-bitstream, or HEVC base sub-partition.
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When a Rec. ITU-T H.222.0 | ISO/IEC 13818 1 program includes one or more elementary streams with
stream_type equal to 0x28, 0x29, 0x2A or 0x2B, at least one HEVC operation point descriptor shall be
present in the program map table associated with the program.

When a Rec. ITU-T H.222.0 | ISO/IEC 13818 1 program includes more than one elementary stream with
the same stream_type value of 0x24, 0x25 or in the range of 0x28 .. 0x2B and hierarchy cannot be implied
as specified in Table 2-137, one hierarchy descriptor as defined in 2.6.7 shall be present for each
elementary stream with a stream_type value of 0x24, 0x25 and one HEVC hierarchy extension descriptor
as defined in 2.6.102 shall be present for each elementary stream with a stream_type value in the range of
0x28 .. 0x2B.

NOTE 4 — Hierarchy descriptors or HEVC hierarchy extension descriptors are needed to assign a hierarchy layer
index to each elementary stream if hierarchy cannot be implied, as specified in Table 2-137.
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tr-each-elementary-strearm-with-stream—bype-equal-to-Ox24-with-a-hierarchy-deseriptor-the-hierarchy typ
in the hierarchy descriptor shall be equal to 15.

In each elementary stream with stream_type equal to 0x25 with a hierarchy descriptor, the hierarchy |type
in the hierarchy descriptor shall be equal to 3.

The video parameter sets, sequence parameter sets and picture parameter sets, as‘specified in [Rec.
ITU-T H.265 | ISO/IEC 23008-2, that are necessary for decoding the HEVC highest temporal sub-Jayer
representation of an HEVC temporal video subset shall be present within the elementary stream carfying
the HEVC temporal video sub-bitstream associated by a hierarchy descriptor;

The aggregation of the HEVC temporal video sub-bitstream with associatedHEVC temporal video supsets
according to the hierarchy descriptors, as specified in 2.17.3, shall result\in'a valid HEVC video stregm.

NOTE 5 — The resulting HEVC video stream contains a set of temparal sub-layers, as specified in Rec. I[TU-T
H.265 | ISO/IEC 23008-2, with Temporalld values forming a contiglious range of integer numbers.

The aggregation, as specified in 2.17.4, of an HEVC ehhancement sub-partition with all HEVC
sub-partitions according to the HEVC operation signalled.in the HEVC operation point descriptor shall
result in a valid layered HEVC video stream.

NOTE 6 — The resulting HEVC video stream is the. HEVC operation point of that HEVC enhancement sub-
partition.

Each HEVC picture with nuh_layer_id largerthan 0 shall be contained within an elementary stream|with
a stream_type equal to either 0x28, 0x29, 0x2A or 0x2B.

An elementary stream ES;. with stream_type equal to either 0x29 or 0x2B shall satisfy the following

— The elementary stream ESg*caontains an HEVC temporal video subset which is a temporal
enhancement for exactly one-reference elementary stream ESyyr, i.e., the layer L; present in the
reference elementary stréanT ESyer shall also be present in the elementary stream ESe.
NOTE 7 — The reference €lementary stream ESre is either an HEVC temporal video sub-bitstream with a
stream_type equal to\either 0x28 or 0x2A or another HEVC temporal video subset with stream_type eqgal to
either 0x29 or 0x2B,respectively, for which the same applies.

iage in PES packets

ITU-T H.265 | ISO/IEC 23008-2 video is carried in PES packets as PES_packet_data_bytes, using one of th
n_id values assignedito video, while signalling the Rec. ITU-T H.265 | ISO/IEC 23008-2 video stream, by meg

e 16
ns of

ssigned streame<type value in the PMT (see Table 2-34). The highest level that may occur in an HEVC video st

am,

1| as a profilezand tier that the entire stream conforms to should be signalled using the HEVC video descriptor.|If an
C video descriptor is associated with an HEVC video stream, an HEVC temporal video sub-bitstream, an HEVC
oral video subset or an HEVC enhancement sub-partition, then this descriptor shall be conveyed in the desctfiptor
forthe'respective elementary stream entry in the program map table. This Recommendation | International Starjdard
nat’specify the presentation of Rec. ITU-T H.265 | ISO/IEC 23008-2 streams in the context of a program stream.

For PES packetization, no specific data alignment constraints apply. For synchronization and STD management, PTSs
and, when appropriate, DTSs are encoded in the header of the PES packet that carries the ITU-T H.265 | ISO/IEC 23008-2
video elementary stream data. For PTS and DTS encoding, the constraints and semantics apply as defined in 2.4.3.7 and

2.7.

DPB buffer management

Carriage of an HEVC video stream, an HEVC temporal video sub-stream, an HEVVC temporal video subset or an HEVC
enhancement sub-partition over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 does not impact the size of the buffer DPB. For
decoding of an HEVC video stream, an HEVC temporal video sub-bitstream or an HEVC temporal video sub-bitstream
and its associated HEVC temporal video subsets in the STD, the size of DPB is as defined in Rec. ITU-T H.265 |
ISO/IEC 23008-2. The DPB shall be managed as specified in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2
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(clauses C.3 and C.5). A decoded HEVC access unit enters the DPB instantaneously upon decoding the HEVC access
unit, hence at the CPB removal time of the HEVVC access unit. A decoded HEVC access unit is presented at the DPB
output time. If the HEVC video stream, HEVVC temporal video sub-bitstream or HEVVC temporal video subset provides
insufficient information to determine the CPB removal time and the DPB output time of HEVC access units, then these

time

instants shall be determined in the STD model from PTS and DTS timestamps as follows:

1) The CPB removal time of HEVC access unit n is the instant in time indicated by DTS(n) where DTS(n) is

the DTS value of HEVC access unit n.

2) The DPB output time of HEVC access unit n is the instant in time indicated by PTS(n) where PTS(n) is

the PTS value of HEVC access unit n.

NOTE 8 — HEVC video sequences in which the low_delay_hrd_flag in the syntax structure hrd_parameters() is set to 1 carry

a

d not by DTS and PTS timestamps.
OTE 9 — An HEVC video stream may carry information to determine compliance of the HEVC video stream to the MR

i
2.17
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specified in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2. The presence of this information can be signalled ina tran
sfream using the HEVC timing and HRD descriptor with the hrd_management_valid_flag set to '1'. Irrespective of.the prese
this information, compliance of an HEVC video stream to the T-STD ensures that HRD buffer management(requirements f
dPB are met when each byte in the HEVC video stream is delivered to and removed from the CPB in the HRD at exactly the
stant in time at which the byte is delivered to and removed from EBn in the T-STD.

2  T-STD Extensions for single layer HEVC

h there is an HEVC video stream or HEVC temporal video sub-bitstream in an JTU-T H.222.0 | ISO/IEC 13§
ram and there is no HEVC temporal video subset associated with this elementary stream of stream_type 0x24 i

ITU-T H.222.0 | ISO/IEC 13818-1 program, the T-STD model as described‘in"2.4.2.1 is extended as illustrat
e 2-20 and as specified below.

A0 [

DPB

H.222.0(23)_F2

Figure 2-20 — T-STDmadel extensions for single layer HEVC

MBn, EB: buffer management

Following additional notations are usedto describe the T-STD extensions and are illustrated in Figure 2-20.
indicates the time in seconds:at which the i-th byte of the transport stream enters the system target decode]
is the transport buffer forelementary stream n
is the size of the transport buffer TB,, measured in bytes
is the multiptexing buffer for elementary stream n

n IS the sizeof the multiplexing buffer MB,, measured in bytes
is the elementary stream buffer for the HEVC video stream

is'an index to the HEVC access unit of the HEVC video stream

sufficient information to determine the DPB output time and the CPB removal time of each HEVC access unit. Hence for HEVC
i i i i edefi arameters,
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) s the decoding time of Ax(j), measured in seconds, in the system target decoder
is the transfer rate from the transport buffer TB, to the multiplex buffer MB,, as specified below.

is the transfer rate from the multiplex buffer MB, to the elementary stream buffer EB,, as specified below.

The following apply:

212

«  There is exactly one transport buffer TB, for the received HEVC video stream or HEVVC temporal video

sub-bitstream where the size TBS is fixed to 512 bytes.

»  There is exactly one multiplexing buffer MB, for the HEVC video stream or HEVC temporal video
bitstream, where the size MBS, of the multiplexing buffer MB is constrained as follows:

sub-
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MBS, = BSmux + BSoh + CpbNalFactor x MaxCPBJtier, level] — cpb_size
where BSqn, packet overhead buffering, is defined as:

BSoh = (1/750) seconds x max{ BrNalFactor x MaxBR[tier, level], 2 000 000 bit/s}
and BSmyx, additional multiplex buffering, is defined as:

BSmux = 0.004 seconds x max{ BrNalFactor x MaxBR[tier, level], 2 000 000 bit/s}

MaxCPBl[tier, level] and MaxBR[tier, level] are taken from Annex A of Rec. ITU-T H.265 |
ISO/IEC 23008-2 for the tier and level of the HEVC video stream or HEVC temporal video sub-bitstream
where rates are expressed in bit/s. cpb_size is taken from the HRD parameters, as specified in Annex E of
Rec. ITU-T H.265 | ISO/IEC 23008-2, included in the HEVC video stream or HEVVC temporal video sub-
bitstream, where the size is expressed in bits. Implicit conversion is carried out according to Note 2 in
2.4.2.4,

e There is exactly one elementary stream buffer EB, for all the elementary streams in the set of, recgived
elementary streams associated by hierarchy descriptors, with a total size EBS,

EBSn = cpb_size
where cpb_size is taken from the HRD parameters, as specified in Annex E of/Rec. ITU-T H.p65 |

ISO/IEC 23008-2, included in the HEVC video stream or the HEVC temporal videa sub-bitstream, where
the size is expressed in bits. Implicit conversion is carried out according to Note 2 in 2.4.2.4.

+  Transfer from TB, to MB;, is applied as follows:
When there is no data in TB, then Rx, is equal to zero. Otherwise:

Rx, = bit_rate

where bit_rate is BrNalFactor/BrVIcFactor x BitRate[ SchedSelldx ] of data flow into the CPB for the byte
stream format and BitRate[ SchedSelldx ] is as defined in Annex E of Rec. ITU-T H.465 |
ISO/IEC 23008-2 when NAL hrd_parameters() is present in the VUI parameters of the HEVC Yideo
stream.

NOTE — Annex E also specifies default values for BitRate[ SchedSelldx] based on profile, tier and level when|NAL
HRD parameters are not present in the VUI.

«  Transfer from MB, to EB, is applied as follaws:

If the HEVC timing_and_HRD_descriptor is present with the hrd_management valid_flag set to '1' for
the elementary stream, then the transfer of data from MB, to EB, shall follow the HRD defined scheme
for data arrival in the CPB of the elementary stream as defined in Annex C of Rec. ITU-T H.p65 |
ISO/IEC 23008-2.

Otherwise, the leak method shall be used to transfer data from MB,, to EB,, as follows:

Rbx, = BrNalFactor x MaxBR{[tier, level]

where MaxBR{[tier, level] is taken from Annex A of Rec. ITU-T H.265 | ISO/IEC 23008-2 for the tief and
level of the HEV/C video stream or HEVVC temporal video sub-bitstream.

If there isPES’packet payload data in MB,, and buffer EB,, is not full, the PES packet payload is transfgrred
from MBto EB,, at a rate equal to Rbx,. If EB, is full, data are not removed from MB,. When a byte of
datads-transferred from MB;, to EB,, all PES packet header bytes that are in MB, and precede that byfe are
instantaneously removed and discarded. When there is no PES packet payload data present in MB},, no
data is removed from MB,. All data that enters MB,, leaves it. All PES packet payload data bytes entef EB,
instantaneously upon leaving MB..

STD| delay

The STD delay of any ITU-T H.265 | ISO/IEC 23008-2 data other than HEVC still picture data through the system target
decoders buffers TB,, MB,, and EB,, shall be constrained by tdn(j) — t(i) < 10 seconds for all j, and all bytes i in access
unit An(j).

The delay of any HEVC still picture data through the system target decoders TBn, MB,, and EB,, shall be constrained by
tdn(j) — t(i) < 60 seconds for all j, and all bytes i in access unit An(j).

Buffer management conditions

Transport streams shall be constructed so that the following conditions for buffer management are satisfied:
«  Each TB; shall not overflow and shall be empty at least once every second.
»  Each MB,;, EB, and DPB shall not overflow.
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»  EB; shall not underflow, except when VVUI parameters are present for the HEVVC video sequence with the
low_delay _hrd_flag set to '1". Underflow of EB, occurs for HEVC access unit An(j) when one or more
bytes of An(j) are not present in EB, at the decoding time tda(j).

2.17.3  T-STD extensions for layered transport of HEVC temporal video subsets

When there is an HEVC video sub-bitstream and at least one associated elementary stream of type 0x25 in an
ITU-T H.222.0 | ISO/IEC 13818-1 program, the T-STD model as described in 2.4.2.1 is extended as illustrated in
Figure 2-21 and as specified below.

HEVC temporal video subsets
1RX, 0w e | Rbx, i
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Figure 2-21 — T-STD model extensions for layered transport of HEVC temporal video subsets

The following additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-21.
t(i) indicates the time in seconds at which the i-th byte of the transport stream enters the system target decodey.

H is the number of received HEVC temporal video subsets, associated by hierarchy descriptors with the same
HEVC temporal video sub-bitstream.

k is an index identifying the H+1 received elementary streams which contain exactly one HEVC temporal \{ideo
sub-bitstream and H HEVC temporal videp.subsets associated by hierarchy descriptors. The index value k ¢qual
to 0 identifies the elementary stream whiclh’contains the HEVC temporal video sub-bitstream and index vhlues
k ranging from 1 up to H identify the-associated HEVC temporal video subsets.

ESh is the received elementary stream-which contains the k-th HEVC temporal video subset or the HEVC temporal
video sub-bitstream if k equals 0.

EShH is the received elementary. /stream containing the highest HEVC temporal video subset present in the set of
received elementary_streams.

PID} is the packet identifier value which identifies ESp .

j is an index {0'the output access units.

An(j is the j-th-access unit of the HEVC complete temporal representation.
tda(j is the.decoding time of As(j) in the system target decoder.

TBh, is'the transport buffer for elementary stream k.

TBShx s thesize of thetrarsportbuffer 85, easured i bytes:

MB,x  is the multiplexing buffer for elementary stream k.

MBSk is the size of the multiplexing buffer MB,x, measured in bytes.

EB, is the elementary stream buffer for the received HEVC temporal video sub-bitstream ES, o and the received
HEVC temporal video subsets ESp1 to ESyh.

EBS, is the size of elementary stream buffer EB,, measured in bytes.
RXnk is the transfer rate from the k-th transport buffer TB, to the k-th multiplex buffer MB, as specified below.

Rbxnk  is the transfer rate from the k-th multiplex buffer MB, « to the elementary stream buffer EB,, as specified below.
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NOTE — The index n, where used, indicates that the received elementary streams and associated buffers belong to a certain HEVC
temporal video sub-bitstream and its associated HEVC temporal video subsets, distinguishing these elementary streams and
associated buffers from other elementary streams and buffers, maintaining consistency with the notation in Figure 2-20.

TBnx, MBnx, EBn buffer management

The following apply:

e There is one transport buffer TBnx for each received elementary stream ES,x, where the size TBS is
fixed to 512 bytes.

»  There is one multiplex buffer MB, for each received elementary stream ES; , where the size MBS,k of
the multiplex buffer MB, is constrained as follows:

MBS,k = BSmux + BSon + CpbNalFactor x MaxCPBJtier, level] — cpb size

where
BSan, packet overhead buffering, and BSmux, additional multiplex buffering, are as specified ifn2)17.3;

MaxCPB]tier, level] and MaxBR[tier, level] are taken from the tier and level specification .of HEV for
the tier and level of the HEVC highest temporal sub-layer representation associated withhES, k;

cpb_size is taken from the HRD parameters, as specified in Annex E of{Rec. ITU-T H.265 |
ISO/IEC 23008-2, included in the HEVC highest temporal sub-layer representation’associated with ES, .
In the HRD parameters, cpb_size is expressed in bits, and its value is implicitly converted into a yalue
expressed in bytes according to Note 2 in 2.4.2.4.

»  There is exactly one elementary stream buffer EB, for the H + 1 elementary streams in the set of recgived
elementary streams ES; o to ES, 1, with a total size EBS,

EBS, = cpb_size

where cpb_size is taken from the HRD parameters, as specified in Annex E of Rec. ITU-T H.p65 |
ISO/IEC 23008-2, included in the HEVC highest temporal sub-layer representation associated with §Sn .
In the HRD parameters, cpb_size is expressed in bitsyand its value is implicitly converted into a yalue
expressed in bytes according to Note 2 in 2.4.2.4.

»  Transfer from TByk to MBy is applied as follows:
When there is no data in TByx then Rxnx is-equal to zero. Otherwise:
RxXnk = bit_rate
where bit_rate is as specified in 2.17.2!
+  Transfer from MB;« to EB,, is-applied as follows:

If the HEVC_timing_and_HRD_descriptor is present with the hrd_management_valid_flag set to '1' for
the HEVC video sub-bitstream, then the transfer of data from MB,« to EB, shall follow the HRD defined
scheme for data arriyaliin the CPB of elementary stream ES, 1 as defined in Annex C of Rec. ITU-T H.265
| ISO/IEC 23008-2:

Otherwise, theleak method shall be used to transfer data from MB,« to EB, as follows:
Rbxnk = BrNalFactor x MaxBR{tier, level]

where‘MaxBR[tier, level] is defined for the byte stream format in Annex A of Rec. ITU-T H.265 |
ISONEC 23008-2 for the tier and level of the HEVC video stream or the HEVC highest temporal sub-Jayer
representation associated with ESy .

If there is PES packet payload data in MB,, and EB, is not full, the PES packet payload is transfgrred
from MB,« to EB,, at a rate equal to Rbx, . If EB, is full, data are not removed from MB; x. When g byte
of data is transferred from MB; x to EB,, all PES packet header bytes that are in MB,x and precedg that
byte are instantaneously removed and discarded. When there i1s no PES packet payload data present in
MB,, no data is removed from MB, . All data that enters MB,x leaves it. All PES packet payload data
bytes enter EB, instantaneously upon leaving MB.

At the output of the elementary stream buffer EB,, the elementary streams are aggregated by removing all HEVC access
units in ascending DTS order and transferring them to the HEVC decoder Dy, irrespective of which elementary stream
ES,« each HEVC access unit belongs to.

STD delay

The STD delay of any ITU-T H.265 | ISO/IEC 23008-2 data other than HEVC still picture data through the system target
decoders buffers TBnk, MBnk, and EB,, shall be constrained by tds(j) — t(i) < 10 seconds for all k, all j, and all bytes i in
access unit Anq(j).
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The delay of any HEVC still picture data through the system target decoders TBnk, MBnk, and EBy, shall be constrained
by tdn(j) — t(i) < 60 seconds for all k, all j, and all bytes i in access unit An(j).

Buffer management conditions

Transport streams shall be constructed so that the following conditions for buffer management are satisfied:
«  Each TBqx shall not overflow and shall be empty at least once every second.
«  Each MBk, EBy, and DPB shall not overflow.
. EB, shall not underflow, except when VUI parameters are present for the HEVC video sequence with the

low_delay hrd_flag set to '1'. Underflow of EB, occurs for HEVC access unit Ax(j) when one or more bytes of An(j) are
not present in EB,, at the decoding time tdx(j).

2.17|4  T-STD extensions for layered transport of HEVC sub-partitions with bitstream-partition-specific [CPB
operation

Wheh there is at least one elementary stream with stream_type value in the range of 0x28 to 0x2B in a Rec,JTU-T H.222.0
| ISQ/IEC 13818-1 program, the T-STD model as described in 2.4.2.1 is extended for elementary streams wjith a
strean_type value in the range of 0x28 to 0x2B as illustrated in Figure 2-22 and as specified below,

Stream i MYV HEVC or SHVC non-base layer
typen

i HEVC temporal video subset(s) EB
0x29 01': n+m
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Figure.2-22 — T-STD model extensions for bitstream-partition-specific CPB operation

NOTE — The/lower dashed box containing blocks that handle the HEVC base layer represents the T-STD buffer model as spefified
in 2.17.2«if\there are no HEVC temporal video subsets, or 2.17.3, if the program contains at least one program element with
ream. type equal to 0x25.

wn

The foHowing additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-22.

t(i) Indicates the time in seconds at which the i-th byte of the transport stream enters the system target decoder.

| Is an index into the received HEVC sub-partitions of stream_type 0x28 or 0x2A (which include Temporalld
0). The order of HEVC sub-partitions is indicated by the HEVVC operation point descriptor. The same index
also applies to corresponding HEVC temporal enhancement sub-partitions. Here, | starts from n, which is
associated with the HEVC base sub-partition, and runs up to (n+m), where m is specified below.

m Is the number of received HEVC sub-partitions of stream_type 0x28 or 0x2A.

HI Is the number of received HEVC corresponding temporal enhancement sub-partitions of the I-th received
HEVC sub-partition of stream_type 0x28 or 0x2A, associated by HEVC hierarchy extension descriptors
with the same HEVC base sub-partition.
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ESik Is the received elementary stream which contains the k-th HEVC corresponding temporal enhancement sub-
partition of the I-th received HEVC sub-partition of stream_type 0x28 or 0x2A, or the I-th HEVVC sub-
partition of stream_type 0x28 or 0x2A if k equals 0.

ESn«mum IS the received elementary stream which contains the HEVVC sub-partition of the highest HEVC operation
point in the set of received elementary streams.

PID n+mum Is the packet identifier value which identifies ESp+m pm.

j Is an index to the output HEVC access units.

Ci(j) Is the j-th HEVC layer component of the I-th received HEVVC sub-partition of stream_type 0x28 or 0x2A or
HEVC corresponding temporal enhancement sub-partition.

tdd(j) Is the decoding time of Aq(j) in the system target decoder.

tridj) Is the value of TREF, if available in the PES header attached to Ci(j), else the decoding timg of‘A(j) ih the
system target decoder.

TBix Is the transport buffer for elementary stream ES; .

TBS« Is the size of the transport buffer TB, measured in bytes.

MBI« Is the multiplexing buffer for elementary stream ES;.

MBSk Is the size of the multiplexing buffer MB, x, measured in bytes.

EB, Is the elementary stream buffer for the received HEVC temporal video sub-bitstream ES,oand the recgived
HEVC temporal video subsets ES;1 to ES .

NOTE 1 — Each buffer EB, contains one partition as specified in Annex F of Re¢. 1TU-T H.265 | ISO/IEC 23008-2.

EBS Is the size of elementary stream buffer EB), measured inhytes.
R« Is the transfer rate from the k-th transport buffer TBy to the k-th multiplex buffer MB,  as specified bglow.
RBx« Is the transfer rate from the k-th multiplex buffer MB to the elementary stream buffer EB, as spegified
below.
NOTE 2 — The index n, where used, indicates that the received elementary streams and associated buffers belong to a certain HEVC
bpse sub-partition, distinguishing these elementary,_ streams and associated buffers from other elementary streams and byffers,

=3

aintaining consistency with the notation in Figure 2<1 and other T-STD extensions.

TB1§, MBix, EB| buffer management

The following applies:

«  There is one transport buffer TB, x for each received elementary stream ES, x, where the size TBSx is fixed
to 512 bytes.

«  There is ong-multiplex buffer MB; for each received elementary stream ES;x, where the size MBS,k of
the multiplex-buffer MB, x is constrained as follows:
MBSrk'='BSmux + BSon + CpbNalFactor x MaxCPBl[tier, level] — cpb_size
where
BSsr-packet overhead buffering, and BSmux, additional multiplex buffering, are as specified in 2.17.2;

MaxCPBtier, level] and MaxBR[tier, level] are taken from the tier and level specification of the HEVC fqr the
tier and level of ES;x the HEVVC operation point associated with ES,;

cpb_size is taken from the sub-layer HRD parameters within the applicable hrd_parameters(), as specified in
Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, for the HEVC operation point associated with ES;x. In the
HRD parameters, cpb_size is expressed in bits, and its value is implicitly converted into a value expressed in
bytes according to Note 2 in 2.4.2.4.

e There is one elementary stream buffer EB, for the HI + 1 elementary streams in the set of received
elementary streams ES; o to ESly w1, with a total size EBS
EBS, = cpb_size

where cpb_size is taken from the sub-layer HRD parameters within the applicable hrd_parameters( ), as specified
in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, for the HEVC operation point associated with ESj . In the
HRD parameters, cpb_size is expressed in bits, and its value is implicitly converted into a value expressed in
bytes according to Note 2 in 2.4.2.4.
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»  Transfer from TB,x to MB, is applied as follows:
—  When there is no data in TBx then Rx is equal to zero.
—  Otherwise, Rx k = bit_rate

bit_rate is taken from the NAL HRD parameters within the applicable hrd_parameters( ), as specified in Annex F
of Rec. ITU-T H.265 | ISO/IEC 23008-2, for the HEVC operation point associated with ES;, if sub-layer HRD
parameters are present in the VPS and nal_hrd_parameters_present_flag is set to '1".

Otherwise:

bit_rate = BrNalFactor / BrVclFactor x BitRateyc, if sub-layer HRD parameters within the applicable
hrd_parameters( ), as specified in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, for the HEVC operation
point associated with ES; are present in the VPS and vcl_hrd_parameters_present_flag is set to '1'; BitRate vci

\ L LR narana

Aggregation of elementary streams

o talean £ th fad| +
ISRt T O vV o T D parartieters:

BrNalFactor and BrVclFactor are as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 for the profile;tier} and
level of ES;« the HEVC operation point associated with ES.

In both cases, the index of the applicable hrd_parameters( ) syntax structure in the active VPS.of the HEVC
video stream is given by: bsp_hrd idx[ target ols ][ 0 ][ max_temporal_id ][ target_schedute idx ][I + 1] as
specified in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, where target_ols andcmax_temporal_i¢l are
signalled in the HEVVC operation point descriptor for the HEVVC operation point assoeiated with ES;y| and
target_schedule_idx is signalled in the HEVC timing and HRD descriptor.

»  Transfer from MB, to EB; is applied as follows:

— Ifthe HEVC_timing_and_HRD_descriptor is present with the hrd_management_valid_flag setfto '1'
for the HEVC video sub-bitstream, then the transfer of data frem/MB;« to EB, shall follow the HRD
defined scheme for data arrival in the CPB of elementary-stream ES; as defined in Annex|C of
Rec. ITU-T H.265 | ISO/IEC 23008-2.

—  Otherwise, the leak method shall be used to transferdata from MB« to EB; as follows:
Rbxnx = BrNalFactor x MaxBR{[tier, level]

where MaxBR{[tier, level] is as defined for the,byte stream format in the tier and level specificatipn of
Rec. ITU T H.265 | ISO/IEC 23008-2 (Table A.2) for the tier and level for ES,k signalled in the HEVC
operation point descriptor for ES) .

If there is PES packet payload data in MB k, andEB, is not full, the PES packet payload is transferred from IMB, «
to EB, at a rate equal to Rbx. If EBy is full~data are not removed from MB)x. When a byte of data is transfgrred
from MB,x to EB,, all PES packet header bytes that are in MB,x and precede that byte are instantanegusly
removed and discarded. When there_is ;no PES packet payload data present in MB,x, no data is removed [from
MB«. All data that enters MB)k (€aves it. All PES packet payload data bytes enter EB, instantaneously ppon
leaving MBi .

The HEVC layer list for an HEVC operation point is the OperationPointESList[] associated with the HEVC operption

point.

Wheh there is no higratchy descriptor or HEVC hierarchy extension descriptor present in the program map fable
asso¢iated with an Rec/1TU-T H.222.0 | ISO/IEC 13818-1 program, a value for the hierarchy_layer_index is impl|citly
assigned for each»elementary stream with stream_type 0x24, 0x25, 0x28, 0x29, 0x2A and 0x2B as describgd in

Tablp 2-161.

Table 2-161 — Implied hierarchy_layer_index if no hierarchy descriptors are used

o Implied hierarchy_layer_index for program element with stream_type value
Existing stream types
0x24 0x25 0x28 0x29 0x2A 0x2B
0x24 0
0x24, 0x25 0 1
0x24, 0x28 0 1
0x24, 0x25, 0x28 0 1 2
0x24, 0x25, 0x28, 0x29 0 1 2 3
0x24, Ox2A 0 1
0x24, 0x2A, 0x2B 0 1 2
0x24, 0x25, Ox2A 0 1 2
0x24, 0x25, 0x2A, 0x2B 0 1 2 3
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The HEVC operation point is aggregated from the HEVC layer components at the output of the elementary stream buffers
EB, by determining the value of TREF, if available in the PES header, or else TREF is set to DTS, for the next HEVC
layer component at the output of EB.m, and gathering all HEVC layer components with a DTS equal to TREF, in the
order given by the HEVC layer list as specified above, and transferring them to the HEVVC decoder D.

Carriage in PES packets

For correct re-assembling of the HEVC layer components to an HEVC access unit, if there is an HEVC dependency
representation in the same HEVC access unit in more than one elementary stream, the following applies:
»  Each PES packet shall contain exactly one HEVC layer component;

+  The PTS and, if applicable, the DTS value shall be provided in the PES header of each HEVC layer
component;

« If the DTS value of the HEVC layer component in an elementary stream is different from the DTS.yalue
of the HEVC layer component of the same HEVC access unit in an ES listed in the hierarchy descriptor or
the HEVC hierarchy extension descriptors of the first elementary stream, the TREF field @s defingd in
2.4.3.7 shall be present in the PES header extension of the HEVC layer component of first elemeptary
stream and the TREF field value shall be equal to the DTS value of the HEVC layerc¢omponent df the
second elementary stream.

STD| delay

The BTD delay of any Rec. ITU-T H.265 | ISO/IEC 23008-2 data other than HEVC still.picture data through the Syistem
Targpt Decoders buffers TBx, MB,, and EB; shall be constrained by tdi(j) — t(i) < 10sseconds for all 1, all k, all j, and all
byteg i in HEVC access unit An(j).

The gelay of any HEVC still picture data through the system target decoders TBrxy MB,k, and EB) shall be constraing¢d by
tdi(j)|— t(i) < 60 seconds for all 1. all k, all j, and all bytes i in HEVC access anit Aq(j).

Buffer management conditions

Trangport streams shall be constructed so that the following conditions for buffer management are satisfied:
»  Each TBx shall not overflow and shall be empty-at least once every second;
«  Each MBy, EB,, and DPB shall not overflow;

»  EByshall not underflow, except when VVUl-parameters are present for the HEVC video sequence with the
low_delay_hrd_flag set to '1'. Underflow of EB; occurs for HEVC access unit An(j) when one or more
bytes of An(j) are not present in EB, at the decoding time tdn(j).

2.17/5  T-STD Extensions for the carriage'of HEVC tiles

2.17]5.1 Carriage of HEVC motion-gonstrained tile sets

Ther are alternative options to carrythe HEVC tile substreams:
I.  Each HEVC tile'substream is carried in a separate ES.

Il.  More than‘ene HEVC tile substreams is carried in a common ES. Within this ES, HEVC tile subs
af_descriptors are used to indicate different HEVC tile substreams.

eam

In the first approach;, the sender generates one slice per tile and all slice headers are stripped off before packetizinp the
slice|data of eaCh slice into a PES packet, building a separate ES per HEVC tile substream. In addition, it genergtes a
sepafate ES perSubregion layout that provides suitable slice headers and parameters sets that, when combined with the
slice|data; result in a compliant HEVC bitstream. All ESs with stream type equal to 0x31 that belong to the same profgram
shalll be-referenced in the HEVC subregion descriptor that is associated to that program. If using stream type eqyal to
0x371 f i

The second approach eases the allocation of receiver buffers while it allows to remove HEVC tile substreams that are not
part of the desired subregion from the output of the demultiplexer before they reach the CPB of the decoder. The usage
of HEVC tile substream af descriptors is indicated in the HEVC subregion descriptor. HEVC tile substream
af_descriptors assign a unique substream ID to each TS packet. Adaptation field padding shall be used in order to align
the end of an HEVC tile substream for an access unit with the end of a TS packet.

2.17.5.2 Carriage of HEVC motion-constrained tile sets as separate elementary streams

When HEVC motion-constrained tile sets are carried as separate elementary streams using the stream_type value 0x31,
the data in each SBi, where i ranges from n to (n+m) in Figure 2-23, belongs to a certain HEVC tile substream and data
of multiple substream buffers can be gathered to form the encoded representation of a subregion. Which set of ESs needs
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to be aggregated in which order is signalled by the information conveyed in descriptors specified below, which are found
in the PMT for that program. The buffer model shown in 2-23 is applicable when SubstreamMarkingFlag is set to '1'.
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Figure 2-23 — T-STD model extensions for transport of HEVC tiles through individual ESs

ach subregion indexed by the value of i in the HEVC subregion descriptor,the parameter sets corresponding t

lled in the HEVC subregion descriptor. In an HEVC tile substream.with an HEVC tile substream descriptor w
mbleFlag resp. Flag[0] value equal to '0', the parameter sets correspénding to the subregion shall also be presen

OTE — If any HEVC tile substream descriptor of an ES that belongs.to’a certain program contains a PreambleFlag resp. F
ual to '0', only one subregion size can be signalled in the HEVC subregion descriptor for that program.

ess to access a subregion:
HEVC subregion descriptor and all HEVC tile substream descriptors shall be read.

the receiver chooses a suitable subregion size from the HEVC subregion descriptor based on the level indicati
ibregion dimension. This selection implicitly-results in a value i.

, it selects the ES that contains the Gpper left HEVC tile substream of the region to be displayed based o
treamID.

, it checks if the applicable HEVC tile substream descriptor provides a PatternReference value.
that PatternReference, it-selects the applicable SubstreamOffset values:
SubstreamOffset[k][ PatternReference][i] with 0 < k < SubstreamCountMinus1[i]
re is no explicitPatternReference value, which means that either descriptor_length equals 1 or ReferenceFlag e
P index j defaults to a value of 0.

ach PES:packet of the ESx with an HEVC tile substream descriptor indicating a SubstreamID equal to Substrean
Dllowing operations are executed, if the stated condition is met:

ath

| F2-23

D the

gion shall be present in the HEVC tile substream with the SubstreéamID equal to to PreambleSubstream}D[i]

ith a
t.
ag[0]

DN or

h the

uals

IDX,

»  If PreambleFlag resp. Flag[O] signalled in the HEVC tile substream descriptor equals '1": prepend the

PES

220

packets with the same DTS of the ES with an HEVC tile substream descriptor indicating a SubstreamID

equal to PreambleSubstreamIDJi] signalled in the HEVC subregion descriptor

«  If SubstreamCountMinus1[i] > 0: append the PES packets with the same DTS of ESs with an HEVC tile
substream descriptor indicating a SubstreamID equal to AdditionalSubstreamID[i] given in the HEVC tile
substream descriptor of ESx resp. (SubstreamIDx + SubstreamOffset[k][j]), where the SubstreamOffset
array is found in the subregion descriptor, with j given by the value of PatternReference in the HEVC tile

substream descriptor of ESx and k ranging from 0 to SubstreamCountMinusl1[i] prior to decoding.

order of the PES packets in the assembled bitstream is given by values of SubstreamID ordered
increasing values of the index k.

The
with
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TBn, MBu, EBn buffer management

The
H

following additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-23.

is the number of received HEVC tile substreams of the subregion.

ES, s the received elementary stream of the n-th HEVC tile substream of the subregion.

T
T

B s the transport buffer for the n-th elementary stream of the subregion.

BS, is the size of the transport buffer TB, measured in bytes.

MB, is the multiplex buffer for the n-th elementary stream.

MBS, is the size of the multiplex buffer MB, measured in bytes.

SH. s the substream buffer for the n-th elementary stream.
SHS, s the size of the n-th substream buffer SB, measured in bytes.
SH is the substream buffer for all the received H elementary streams.

SHBS s the size of elementary stream buffer EBH, measured in bytes.

The

following applies:
in Figure 2-23, where the size TBS; is fixed to 512 bytes.

in Figure 2-23, where the size of the multiplex buffer MBS, is constrained as follows:

MBSh = BSmux + BSon + CpbNalFactor x MaxCPBitier, level] — cpb_size (measured in bytes)

\where BSqn, packet overhead buffering, is defined as:
BSqn = (1/750) seconds x max{ BrNalFactor x MaxBR[tier, level], 2 000 000 bit/s}

and BSmux, additional multiplex buffering, is defined as:
BSmux = 0.004 seconds x max{ BrNalFactor x WaxBR[tier, level], 2 000 000 bit/s}

MaxCPBtier, level] and MaxBR[tier, level] ate taken from Annex A of Rec. ITU-T H.265 | ISO/IEC 23008+
the tier and level as indicated by the parameter sets set carried in the substream with the SubstreamID equal
PreambleSubstreamID[i] signalled ing¢hesHEVC subregion descriptor. cpb_size is taken from the HRD param
as specified in Annex E of Rec, ITU-T H.265 | ISO/IEC 23008-2, present in the parameter sets carried i

+  There is exactly one subregion buffer SB for all the elementary streams in the set of received eleme
streams of the'subregion as shown in Figure 2-23, of which the size SBS has the following value:

SBS = cpb_sizey
\where cpb_sizéy is the cpb_size taken from the HRD parameters, as specified in Annex E of Rec. ITU-T H.

[SO/IEC.23008-2, present in the parameter sets carried in the substream with the SubstreamID equal
PreambleSubstreamID[i] signalled in the HEVC subregion descriptor.

+  There is exactly one substream buffer SBy for each elementary stream in the set of received eleme

»  There is exactly one transport buffer TB, for each received elementary strgam-of the subregion as sjown

+  There s exactly one multiplex buffer MB, for each received elementary-Stream of the subregion as sfown

D for
to to
pters,
W the

substream with the SubstreamID:equal to to PreambleSubstreamIDJi] signalled in the HEVC subregion descriptor.

htary

65 |
o to

htary

streams of the subregion as shown In Figure 2-23, Where each substream buffer SBy In the Set of received
elementary streams of the subregion is allocated within SB. Even though the size of the substream buffer
SBx is not constrained, the sum of the sizes of all substream buffers SBy. n+m is constrained as follows:

SBS = Yk (SBSk) with n <k <n+m

NOTE — If PreambleFlag resp. Flag[0] signalled in the HEVC tile substream descriptor equals '1', the parameter sets present

in the

HEVC tile substream with the SubstreamID equal to to PreambleSubstreamID[i] signalled in the HEVVC subregion descriptor are
the same as the parameter sets encapsulated in the MCTS-EIS SEI message for the subregion. If PreambleFlag resp. Flag[0]
signalled in the HEVC tile substream descriptor equals '0', the parameter sets present in that HEVC tile substream are the same as

the parameter sets encapsulated in the MCTS-EIS SEI message for the subregion.
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2.17.5.3 Carriage of HEVC motion-constrained tile sets in a common ES using AF descriptors

The following approach allows very simple buffer allocation for the buffer that gathers the ES data for the case that
SubstreamMarkingFlag is set to 0, because it allows that only a single ESn is used for the whole panorama. In this case,
a third buffer is introduced after MB, called "RB" (subregion buffer) if it gathers the data that belongs to a subregion
(cf. Figure 2-24), or “EB” if it gathers an elementary stream that contains the whole panorama (cf. Figure 2-25).

If SubstreamMarkingFlag is set to 0, no TS packet shall contain data of different HEVC tile substreams. The signalling
using HEVC tile substream af_descriptors as specified in U.3.15 allows removing unnecessary HEVC tile substreams
before they enter the MB and RB buffers.

Evaluate EW"’,””‘“J
RID TS packets AF descriptor _ppg packetsof ‘
*, of ES, ", the subregion Decoded
T O——PO B o——PO B » » D - )
S o R | MB } | - l k subregion
N N
S A Drop other
- ‘(_‘r ————— » . et "_} _____ »
Other ESs substreams

H.222.0(23)_F2t24

Figure 2-24 — T-STD model extensions for transport of HEVC tiles in a common ES using AF descriptor

The process to access a subregion is similar to the process described in 2.17.5.2:

First| the receiver chooses a suitable subregion size from the subregion descriptor.based on the level indication dr the
subrg¢gion dimension. This selection implicitly results in a value I.

Nex{, it selects the SubstreamIDx that relates to the upper left HEVC tileSubstream of the region to be displayed.

All gdaptation fields of TS packets that belong to ESn are read and\HEVC tile substream af_descriptors are evaliiated
whenever they occur. A SubstreamID that is indicated in an HEVE\tile substream af_descriptor applies to the sequence
of T$ packets of the same ESn starting with the TS packet that cantains the HEVC tile substream af_descriptor indicpting
that SubstreamID up to the TS packet preceding the TS packet that contains an HEVC tile substream af_descijiptor
indidating a different SubstreamiD.

NOTE 1 — Adaptation field padding is used in the last TS packet that belongs to a certain HEVC tile substream, if otherwise th¢ data
blocK belonging to that substream does not extend to the last payload byte of a TS packet.

The feceiver sets up an empty list of SubstreamIDs that belong to the subregion and adds
+  the value 0 and

»  the SubstreamIDx of the upper left HEVC tile substream.
NOTE 2 — SubstreamID value 0 indicates,a substream that belongs to any subregion, regardless of its position.

Next, it checks if the applicablesHEVC tile substream af descriptor provides a PatternReference value. If there Js no
explicit PatternReference value; which means that either descriptor_length equals 1 or ReferenceFlag equals 0, the index
j defaults to a value of 0.

Wit that PatternReference, it selects the applicable SubstreamOffset values:

SubstreamOffset[k][PatternReference][i] with 0 < k < SubstreamCountMinus1[i]

For pach, TS packet of the ES, with an HEVC tile substream af descriptor indicating a SubstreamID equpl to
SubstreamiDx, the following operations are executed, if the stated condition is met:

~f—SubstreamCoumtvtimus i —=0—add—SubstrearmDequattoAdditiomatSubstrearm B tothetist of
SubstreamIDs that belong to the subregion, with i ranging from 0 to SubstreamCountMinusL[i]).

e Else if the SubstreamOffset array is found in the subregion descriptor (for the selected subregion layout
indexed by i), add (SubstreamIDx + SubstreamOffset[k][]j][i]) to the list of SubstreamIDs that belong to
the subregion, with j given by the value of PatternReference in the HEVC tile substream af_descriptor with
SubstreamIDx and k ranging from 0 to SubstreamCountMinus1[i].

For each sequence of TS packets of the ESn starting with an HEVC tile substream af_descriptor indicating a SubstreamID
that is contained in the list of SubstreamIDs that belong to the subregion, the TS packets are stored in the MB.
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TB, MB, RB buffer management

The following notations are used to describe the T-STD extensions and are illustrated in Figure 2-24.
H is the number of received HEVC tile substreams of the subregion.
ES, s the received elementary stream that contains all HEVC tile substreams.

T
T

B isthe transport buffer for the elementary stream that contains all HEVC tile substreams.

BS s the size of the transport buffer TB, measured in bytes.

MB is the multiplex buffer for the elementary stream. It gathers HEVC tile substreams of the subregion.

MBS is the size of the multiplex buffer MB, measured in bytes.

R
R
The

B is the subregion buffer for all the received H elementary streams of the subregion.
BS s the size of the subregion buffer, measured in bytes.

following applies:

«  There is exactly one transport buffer TB for each received elementary stream of the subregion as shoyvn in
Figure 2-24, where the size TBS is fixed to 512 bytes.

«  There is exactly one multiplex buffer for each received elementary stream of the subregion as shown in
Figure 2-24, where the size of the multiplex buffer MBS is constrained as follows:

MBS = BSmux + BSon + CpbNalFactor x MaxCPBtier, level] — cpb_size (measured in bytes)
where

BSon, packet overhead buffering, is defined as:
BSoh = (1/750) seconds x max{ BrNalFactor x MaxBR{[tier,\level], 2 000 000 bit/s}

and BSmux, additional multiplex buffering, is defined as:
BSmux = 0.004 seconds x max{ BrNalFactor x MaxBR[tier, level], 2 000 000 bit/s}
MaxCPBtier, level] and MaxBR[tier, level] are taken from Annex A of Rec. ITU-T H.265 | ISO/IEC 230082 for

the tier and level as indicated by the temporal motion-constrained tile sets SEI message or within the parametef sets
in the motion-constrained tile sets extraction information set SEI message, as specified in D.2.30 and D}2.43

SubstreamtDs that belong to the subregion, as shown in Figure 2-24, of which the size RBS hap the
following value:

RBS = ¢cph_sizey

Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.17.5.4 Carriage of HEVC motion-constrained tile sets in a common ES ignoring AF descriptors

Alternatively, a receiver might decide to ignore the AF descriptors and select the HEVC tile substreams at bitstream level
following the motion-constrained tile sets extraction information sets SEI message. In such a case, the profile and level
required for decoding are the ones signalled for the subregion. The size of the buffers TB, MB, EB are specified below.
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Figure 2-25 — T-STD model extension for transport of HEVC tiles in a common ES ignoring AF descriptors

TB, MB, EB buffer management

The
exte

ES
TE
TH
M
M
EH
ER
The

sion for transport of HEVC tiles in a common ES ignoring AF descriptors above.
n IS the received elementary stream that contains all HEVC tile substreams.
is the transport buffer for the elementary stream that contains all HEVC tile substreams.
S isthe size of the transport buffer TB, measured in bytes.
B is the multiplex buffer for the elementary stream.
BS is the size of the multiplex buffer MB, measured in bytes.
is the substream buffer for all the received H elementary streams of the subregion,
S s the size of the substream buffer, measured in bytes.
following applies:

«  Thereis exactly one transport buffer TB for the received elementary stream as shown in Figure 2-25, where
the size TBS is fixed to 512 bytes.

+  There is exactly one multiplex buffer MB for the received elementary stream as shown in Figure p-25,
where the size of the multiplex buffer MBS is:canstrained as follows:

MBS = BSmux + BSon + CpbNalFactor x MaxCRBJtier, level] — cpb_size (measured in bytes)
\where BS,h, packet overhead buffering, is defined as:

BSoh = (1/750) seconds x max{ BrNalFactor x MaxBR{[tier, level], 2 000 000 bit/s}
and BSmux, additional multiplex buffering, is defined as:

BSmux = 0.004 seconds x;max{ BrNalFactor x MaxBR[tier, level], 2 000 000 bit/s}
MaxCPBtier, level].and MaxBR[tier, level] are taken from Annex A of Rec. ITU-T H.265 | ISO/IEC 230082 for
the tier and level ofthe'HEVC video stream or HEVC temporal video sub-bitstream. cpb_size is taken from the HRD
parameters, as.specified in Annex E of Rec. ITU-T H.265 | ISO/IEC 23008-2, included in the HEVC video stream

or HEVC temporal video sub-bitstream.

.\ There is exactly one elementary stream buffer EB for all HEVC tile substreams within the elemeptary
stream, as shown in Figure 2-25, of which the size EBS has the following value:

2.18
2.18.

Gree
to'0'

224

where cpb_size is the cpb_size taken from the HRD parameters, as specified in Annex E of Rec. ITU-T H.265 |
ISO/IEC 23008-2, included in the HEVC video stream or the HEVVC temporal video sub-bitstream.

Carriage of green access units

1  Carriage of green access units in MPEG-2 sections

n access units are carried using the MPEG-2 private section syntax with the section_syntax_indicator element set

. See Table 2-162.
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Table 2-162 — Green access unit section syntax

ISO/IEC 13818-1:2023

Syntax Bits Mnemonic
Green_access_unit_section_message(){
table_ID 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bsIbf
reserved 2 bslbf
private_section_length 12 uimsbf
'001Q" 4 bslbf
Display_in_PTS [32..30] 3 bsibf
marker_bit 1 bslbf
Display_in_PTS [29..15] 15 bsibf
marker_bit 1 bslbf
Display_in_PTS [14..0] 15 bslbf
marker_bit 1 bslbf
Green_AU()
CRC_32 32 rpchof
}

tablg_id — This shall be set to 0x09.

secti

Disp

assogiated video access unit.
Gregn_AU() — Defined in 2.18.3.

Semantics of green access unit section

pn_syntax_indicator — This shall be set to '0".

lay_in_PTS — This is the 33-bit PTS specified similar to thatdefined in the PES header and is used with the

2.18f3  Green access unit
The format of the green access unit is defined in Fable 2-163. Green access units contain dynamic metadata anfl are
carrid in MPEG private section format.
Fable 2-163 — Green access unit
Syntax No. bits Mnemonic
Sreen_ AU(){
num_quality_levels 4 uimsbf
reserved 4 bsibf
for (k=0; k <~qum_constant_backlight_voltage_time_intervals; k++) {
for.(j=0; j < num_max_variations; j++) {
lower_bound 8 uimsbf
if (lower_bound > 0)
upper_bound 8 uimsbf
rgb_component_for_infinite_psnr 8 uimsbf
for (i=1; i <= num_quality levels; i++){
max_rgb_component 8 uimsbf
scaled_psnr_rgb 8 uimsbf
}
}
}
}

As explained in 6.4 of ISO/IEC 23001-11, each combination of constant backlight voltage time interval and
max_variation is associated with contrast-enhancement metadata and a set of quality levels defined in Table 2-139.

The metadata in the Green_AU is applicable to the presentation subsystem until the next Green_AU containing metadata
arrives.

© ISO/IEC 2023 - All rights reserved
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Semantics for all the elements in Table 2-139 is defined in 6.4 of ISO/IEC 23001-11.

2.18.4  Timing relationship between green access unit and media access unit

The green access unit should be decoded and information should be available before the associated media access unit is
decoded. Such a timing relationship guarantees that the metadata within the green access unit is made available to the
display with sufficient lead time relative to the PTS of the associated media access unit. Note that the PTS of the media
access unit and the PTS of the green access unit are identical. The green access unit is transmitted in the transport stream
with a sufficient lead time so that the display control settings can be adjusted in advance of presentation time for correct
operation. If num_constant_backlight voltage time_intervals > 1, then the lead time should be equal to or larger than the
largest constant_backlight_voltage time_interval. The PMT shall not contain more than one green metadata component
(stream_type equal to 0x2C).

OTE — Applications that use carouseling of green access unit data carouseling in a given program can do so as long as the
djsplay_in_PTS value is adjusted to conform to the PCR clock and T-STD buffer.

2.18/5  Buffer model for processing green access units

The puffer model reflects the processing required to handle green access units. The model can be_ used to estaplish
constraints which can be used to verify the validity of dynamic green metadata prepared in accordance with this stanfard.

Figure 2-26 illustrates the buffer model for processing green access units.

Green access
unit Eb buffer 7 Green access

——»  Tb 512 bytes > X
2048 bytes unit decoder

A 4

H.222.0(23)_F2-26

Figure 2-26 — T-STD model extension for greén access units

MPHG-2 transport stream packets come into the model at the left,'and are filtered by PID. Packets whose PID majches
the dreen access unit PID flow into the 512 byte transport buffer” These buffered packets are removed at a rate of Rx =
300 kbps (kilobits/second) and stored in the green access unit’Eb buffer (2048 Bytes). Green access unit table segtions
are removed from the Eb buffer immediately after the fullaccess unit is available (based on section length) and thege are
pass¢d onto the green access unit decoder at a rate Rbx-=,300 kbps for decoding and each decoded access unit is assodiated
with|the video at time = display_in_PTS. The Eh.buffer shall not overflow and the green access unit section shdll be
available in the Eb buffer at least 100 ms before.display_in_PTS.
NOTE - In the worst-case, a green AU would\contain 4488 bits. Under such conditions, the Eb buffer is large enough to hdld up
three green AUs and the rate Rx is high eneugh to allow the removal of green AUs that are associated with video frames at 6D fps.

—

2.19 Carriage of ISO/IEC(23008-3 MPEG-H 3D audio data

2.19/1  Introduction

A Réc. ITU-T H.222.0 [HSO7IEC 13818-1 stream may carry ISO/IEC 23008-3 audio elementary streams. Typically, an
ISO/JEC 23008-3 stream Will be an element of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, as defined by the PMT
in a Transport Stream-and the PSM in a Program Stream.

2.19]2  Carviage in PES packets

Indiyidual ¥ISO/IEC 23008-3 elementary streams shall be carried in PES packets as PES_packet data_bytes. For|PES
packetization no specific data alignment constraints apply. For synchronization PTS is encoded in the header of the|PES
packe i - ; i i s for
ISO/IEC 13818 elementary streams.

Before PES packetization the elementary stream data shall be first encapsulated in the MHAS transport syntax defined in
clause 14 of ISO/IEC 23008-3. If a PTS is present in the PES packet header, it shall refer to the first
mpeghAudioStreamPacket (MHAS packet) of MHASPacketType PACTYP_MPEGH3DAFRAME that commences in
the payload of the PES packet. This MHAS packet shall occur after the first MHAS packet of MHASPacketTypes
PACTYP_SYNC and PACTYPE_MPEGH3DACFG that commences in the payload of the PES packet, if any are present.
Note that additional MHAS packets of other packet types may be present between those MHAS packets
(PACTYP_SYNC, PACTYPE_MPEGH3DACFG and PACTYP_MPEGH3DAFRAME), e.g., PACTYP_SYNCGAP,
PACTYP_AUDIOSCENEINFO or PACTYP_AUDIOTRUNCATION.
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It is recommended but not mandatory that in this case the first byte of the PES_packet_data_bytes is the first byte of an
mpeghAudioStreamPacket with MHASPacketType set to PACTYP_SYNC. In this case, the data_alignment_indicator in
the PES packet header is set to 1. According to 14.4.4 of 1SO/IEC 23008-3, the mpeghAudioStreamPacket yields an
overall syncword of OXCO01AS5.

To provide appropriate specific information, it is strongly recommended that each MPEG-H 3D audio stream carries
audio scene information data with sufficient information to ensure that the decoded and rendered MPEG-H 3D audio
stream can be presented correctly by receivers.

Carriage of ISO/IEC 23008-3 elementary streams in PES packets shall be identified by appropriate stream_id and
stream_type values, indicating the use of ISO/IEC 23008-3 3D audio. In addition, an MPEG-H_3dAudio_descriptor()
shall be present in the descriptor loop for the respective elementary stream entry in the Program Map Table in case of a
transport stream.

2.19f3  STD extensions for ISO/IEC 23008-3 elementary streams

The [T-STD model as defined in 2.4.2.1 includes a transport buffer TB, and a multiplex buffer B, prior to decodipg of
each(ISO/IEC 23008-3 3D audio elementary stream n. For buffers TB, and B, and the rate Rx, between'TB, and B, the
following constraints apply for the carriage of an ISO/IEC 23008-3 3D audio stream:

The $ize BS, of the buffer B, is defined as BS, = BSmux + BSgec + BSoh With:
BS, = 3584 bytes for 1-2 encoded audio channel signals

Here, the size of the access unit decoding buffer BSqec, and the PES packet overhead buffer BS,, are constrained
by: BSgec + BSon < 2848 bytes; a portion (736 bytes) of the 3584 byte'buffer is allocated for bufferipg to
allow multiplexing. The rest, 2848 bytes, are shared for access unit buffering BSgec, BSon and additjonal
multiplexing.

BS, = 8976 bytes for 3-8 encoded audio channel signals

BS, = 12804 bytes for 9-12 encoded audio channel signals

BS, = 51216 bytes for 13-48 encoded audio channel signals

BS, = 136576 bytes for 49-128 encoded audio channel signals
Rate|RXn:

Rxn =2 000 000 bit/s for 1-2 encoded audio channel signals

Rxn =5 529 600 bit/s for 3-8 encodethaudio channel signals

Rxn = 8 294 400 bit/s for 9-12 enhcoded audio channel signals
Rxn =33 177 600 bit/s for.13-48 encoded audio channel signals
Rxn = 88 473 600 bit/sfor49-128 encoded audio channel signals

2.19/4  STD extensions for.multiple ISO/IEC 23008-3 elementary streams

ISONJEC 23008-3 MPEG<H 3D audio allows encoding an audio program as several elementary streams. One single audio
decofder decodes all.elementary streams to one audio presentation. Each of those elementary streams carries one or nore
encopled audio channel signals.

For gvery single-elementary stream the constraints for the buffer size BS, and the rate Rx, apply as described in 2{19.3
above.

As described in 14.6 of ISO/IEC 23008-3, the MHAS packets of each elementary stream are merged into one sjngle
stream before forwarding the data to the decoder. Note that based on user interactivity only a subset of the elementary
streams may be merged into this single stream instead of the complete set of elementary streams.

Figure 2-27 illustrates an example of multiple elementary streams. Those streams are merged into one single intermediate
stream and decoded by a single ISO/IEC 23008-3 3D audio decoder.
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Figure 2-27 — Transport stream system target decoder for multiple audio elementary streams
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ldition to the notation used and described in 2.4.2.1 to describe Figure 2-1 the following notation is us
re 2-27:

Dnn+x is the audio decoder for all x audio elementary streams n to n+x.

5 MPEG-2 Transport stream random access constraints and signalling

packet containing the PES packet header of a 3D audio random access point (RAP).shall have an adaptation
bayload_unit_start_indicator bit shall be set to '1" in the TS packet header and the-adaptation_field_control bits
t to '11' (as per 2.4.3.3). In addition, the random_access_indicator bit in the adaptation field of the TS packe

PES packet contains a RAP, then the MHAS packet of type PACTYR.MPEGH3DAFRAME containing the

bt shall follow the rules for a random access point as defined in 5.740f ISO/IEC 23008-3.

Carriage of Quality Access Units in MPEG-2 sections

1  General description

red. These access units are encapsulated in MPEG sections identified by stream_type value of Ox2F.

sponding one for one to the declared-metrics. Each value is padded by preceding zero bytes, as needed, to the nu
tes indicated by field_size_bytes.

ity_access_unit shall be carried-in MPEG sections.

y Quality Access Unit.shall be a random access point.
OTE - in order to make'processing easier, each Quality Access Unit should be contained in a single TS packet.

EC 23001-16:

Table 2-164 — Quality Access Unit

ins the PES packet header of the 3D audio RAP shall be set to 1" and follow the constraints specified in 2.4.3.5

d in

ield.
shall

that
D.

RAP

be the first MHAS packet of that type that commences in the PES packet. The audio data encapsulated in this MHAS

ity Access Units carrying dynamic quality metadata associated with one or more video frames, i.e., a given gyality
¢ sample can be applicable for multiple videa frames for a given DTS interval, until a new quality metric sample is

Quality Access Unit contains configuration and timing information, as well as an array of quality vdlues,

Mmber

byntax for the Quality Access Units is provided in Table 2-164. The attribute definitions are aligned with those in

Syntax No_bits Mnemaonic
Quality_Access_Unit() {
field_size_bytes 8 uimsbf
metric_count 8 uimsbf
for (i =0;i<metric_count; i++) {
metric_code 32 uimsbf
sample_count 8 uimsbf
for (j = 0; j <sample_count; j++) {
'0010° 4 bslbf
media_DTS [32..30] 3 uimsbf
marker_bit 1 bslbf
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Table 2-164 — Quality Access Unit

Syntax No. bits Mnemonic
media_DTS [29..15] 15 uimsbf
marker_bit 1 bslbf
media_DTS [14..0] 15 uimsbf
marker_bit 1 bslbf
quality_metric_sample N uimsbf

}
}
}

field| size_bytes — Size of the quality_metric_sample field. As such, N=8*field_size bytes
mettic_count — The number of metrics for quality values in the Quality Access Unit, as defined in 4:2°of ISQJIEC
230(1-10.
metific_code — The code name of the metrics in the Quality Access unit, as defined in 4.2 of ISOAIEC 23001-10.
sample_count — Number of quality metric samples per metric.

med

a_DTS — DTS of the media access unit described by the quality metric sample.

As syich, quality_metric_sample is an array signalled using the 'i' and 'j' values of the-loop.
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2  Buffer model for processing Quality Access Units

buffer model reflects processing required to handle Quality Access Units. The model can be used to estd
raints which can be used to verify the validity of dynamic Quality metadata prepared in accordance with
Hard.
re 2-28 illustrates the buffer model for processing Quality Access Units.
Quality Access .
—»| Tb512bytes Rx 3 Unit Eb buffer Rbx | Quality Access
2048 bytes Unit decoder

H.222.0(23)_F2-28

Figure 2-28 — Quality Access Unit decoder processing model

G-2 Transport Stream packets come into the model at the left, and are filtered by PID. Packets whose PID ma
Duality Access Unit PID.flow into the 512 byte transport buffer. These buffered packets are removed at a rg
300 kbps (kilobits/second) and stored in the Quality Access Unit Eb buffer (2048 Bytes). Quality Access Unit
bns are removed from' the Eb buffer immediately after the full access unit is available (based on section length
are passed onto_the Quality Access Unit decoder at a rate Rbx = 300 kbps for decoding and association wit
sponding videe frames. Eb buffer shall not overflow and the Quality Access Unit section shall be available in th
r to meetthe requirement of DTS earlier than the DTS of the latest media access unit described in the correspor
ity Access Unit.
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2.21.

1 Introduction

Carriage of metadata over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream as defined in 2.12 allows for carriage of
sample variants as defined in clause 11 of ISO/IEC 23001-12:2018.

A sample variants metadata stream is associated with an audiovisual content in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1
stream. There shall be only one audiovisual content stream associated with a sample variants metadata stream. There may
be more than one sample variants metadata stream in a program that are associated with the same audiovisual content
stream. Access to a sample variant is controlled by the protection scheme and media key and variant processing may be
performed as specified in the variant processing model in clause 11.2.2 of ISO/IEC 23001-12:2018.
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The decoder configuration data in the metadata descriptor of a sample variants metadata stream, as defined in clause
11.2.3 of ISO/IEC 23001-12:2018, associates the sample variants metadata stream with an audiovisual content stream.

2.21.2  Constraints

Sample variants shall be carried in an MPEG-2 TS metadata stream that complies with the following constraints:

1. The sample variant metadata shall be carried in a private metadata stream with stream_id set to 0xBD
(private_stream_id_1).

The sample variant metadata stream shall be carried in a PES stream with stream_type set to 0x15.

A metadata_descriptor (specified in 2.6.60) shall be used to signal the sample variants metadata stream in
the PMT, in the es_loop for the elementary stream.

A_F. L frtn oy dafinad [ 1122 aflCANICA 99NN1 199010 claoll . thaf t
- TOtH—-€Rat (A\JLCI SUTTTY (S5 IA1 R LR LSA% I | ) (210 | o o ey arro ) i EOA S/ § o o A o s oy ZUIU, STTarmroc Hseeasthe-rqrma

identifier for both metadata format _identifier and metadata_application_format_identifier," in| the
metadata_descriptor to signal the sample variants metadata stream.

:l>

2.21)3  Sample Variants decoder configuration data

Decqding of sample variants requires the availability of decoder configuration data as defined in clause.11.2.4 of ISQ/IEC
23001-12:2018. Consequently, when sample variants are carried in a Rec. ITU-T H.222.0 | ISO/IEE13818-1 stream/then
the metadata descriptor shall provide associated decoder configuration data in the same Rec, ITU-T H.222.0 | ISQ/IEC
13818-1 stream and the coding of the decoder_config_flags shall be set to '001".

2.22 Carriage of Media Orchestration Access Units

Medja Orchestration Access Units shall adhere to the syntaxt and semanticshof timed_metadata_access_unit (), as
specified in clause 8.2.2 of ISO/IEC 23001-13.

2.23 Carriage of VVC

2.23[1  Constraints for the transport of VVC

For YVC video streams, VVC temporal video sub-bitstreamser VVC temporal video subsets, the following constrfaints
additionally apply:

»  Each VVC access unit shall contain an-access unit delimiter NAL unit;
OTE 1 — VVC requires that an access unit delimiter NAL unit is the first NAL unit within a VVC access unit. Acces$ unit
blimiter NAL units simplify the ability to detectthe boundary between VVC access units.

A VVC video stream or VVCtemporal video sub-bitstream shall be an element of a Rec. ITU-T H.222.0
| ISO/IEC 13818-1 program and the stream_type for this elementary stream shall be equal to 0x33.

»  The video parametef-sets' (when required), sequence parameter sets and picture parameter sets, as spegified
in Rec. ITU-T H.266- ISO/IEC 23090-3, necessary for decoding a VVC video stream or VVC temporal
video sub-bitstream shall be present within the elementary stream carrying that VVVC video stream or ¥VC
temporal videg-sub-bitstream.

OTE 2 — A VVC video stream might not have any VPS NAL unit. In that case, the sequence parameter set refers to a yideo
pprameter set with.ID equal to 0.
+  Foreach VVC temporal video subset that is an element of the same Rec. ITU-T H.222.0 | ISO/IEC 13§18-1

program, the stream_type for this elementary stream shall be equal to 0x34.

«>~*When a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program includes more than one VVC temporal Yideo
subset or more than one VVC temporal video sub- bltstream and at Ieast one WC temporal V|deo sybset,

[o Ry

=

type equal to 0x32 or 0x33. The hlerarchy descriptors shall be used to |nd|cate the dependenmes of all
VVC temporal video sub-bitstreams and all VVC temporal video subsets.

* Ineach elementary stream with stream_type equal to 0x33 with a hierarchy descriptor the hierarchy_type
in the hierarchy descriptor shall be equal to 15.

» Ineach elementary stream with stream_type equal to 0x34 with a hierarchy descriptor, the hierarchy_type
in the hierarchy descriptor shall be equal to 3.

»  The video parameter sets (when required), sequence parameter sets and picture parameter sets, as specified
in Rec. ITU-T H.266 | ISO/IEC 23090-3, necessary for decoding the VVVC highest temporal sublayer
representation of a VVC temporal video subset shall be present within the elementary stream carrying the
VVC temporal video sub-bitstream associated by a hierarchy descriptor.
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»  The aggregation of the VVVC temporal video sub-bitstream with associated VVC temporal video subsets
according to the hierarchy descriptors, as specified in 2.23.3, shall result in a valid VVC video stream.

NOTE 3 — The resulting VVC video stream contains a set of temporal sublayers, as specified in Rec. ITU-T H.266 | ISO/IEC
23090-3, with Temporalld values forming a contiguous range of integer numbers.

Carriage in PES packets

Rec. ITU-T H.266 | ISO/IEC 23090-3 Video is carried in PES packets as PES_packet_data_bytes, using one of the 16
stream_id values assigned to video, while signalling the Rec. ITU-T H.266 | ISO/IEC 23090-3 video stream by means of
the assigned stream-type value in the PMT (see Table 2-34). The highest level that may occur in a VVC video stream as
well as a profile and tier that the entire stream conforms to should be signalled using the VVC video descriptor. If a VVC
video descriptor is associated with a VVC video stream, a VVVC temporal video sub-bitstream, a VVVC temporal video
subset, then this descriptor shall be conveyed in the descriptor loop for the respective elementary stream entry in the
Program Map Table. This Recommendation | International Standard does not specify presentation of Rec. ITU-TA 266 |
ISO/JEC 23090-3 streams in the context of a program.

For PES packetization, no specific data alignment constraints apply. For synchronization and STD management, PTSs
and, when appropriate, DTSs are encoded in the header of the PES packet that carries the Rec. ITU-F, H.266 | ISQYIEC
23090-3 video elementary stream data. For PTS and DTS encoding, the constraints and semanticshapply as defingd in
2.4.3.7 and 2.7.

DPB buffer management

Carrfage of a VVC video stream, a VVC temporal video sub-streams or a VVC temporakvideo subset over Rec. ITU-T
H 222.0| 1ISO/IEC 13818-1 does not impact the size of buffer DPB. For decoding of a.\\/C video stream, a VVVC temporal
sub-bitstream or a VVC temporal video sub-bitstream and its associated VM C-temporal video subsets in the $TD,
the s|ze of DPB is as defined in Rec. ITU-T H.266 | ISO/IEC 23090-3. The DPBshall be managed as specified in Anrjex C
of Rec. ITU-T H.266 | ISO/IEC 23090-3 (clauses C.3 and C.5). A decoded VVC access unit enters the [DPB
instantaneously upon decoding of the VVVC access unit, hence at the CPB.removal time of the VVC access unit. A degoded
VV({ access unit is presented at the DPB output time. If the VVC videg stream, VVC temporal video sub-bitstregm or
VV({ temporal video subset provides insufficient information to determine the CPB removal time and the DPB opitput
timelof VVC access units, then these time instants shall be determined in the STD model from PTS and DTS timestgmps
as follows:

1) The CPB removal time of VVVC access unit®is the instant in time indicated by DTS(n) where DTS(n) is
the DTS value of VVC access unit n.

2) The DPB output time of VVC accessunit n is the instant in time indicated by PTS(n) where PTS(n) {s the
PTS value of VVC access unit n:

NOTE 4 — VVC video sequences in which thestew_delay_hrd_flag[ i ] in the syntax structure hrd_parameters() is set to 1|carry
syifficient information to determine the DPB_butput time and the CPB removal time of each VVC access unit. Hence for VVC
agcess units for which STD underflow may.occur, the CPB removal time and the DPB output time are defined by HRD paramters,
apd not by DTS and PTS timestamps:

OTE 5- A VVC video streammay-carry information to determine compliance of the VVC video stream to the HRD, as spegified
in Annex C of Rec. ITU-T H,26641SO/IEC 23090-3. The presence of this information can be signalled in a transport stream using
the VVC timing and HRD descriptor with the hrd_management_valid_flag set to '1". Irrespective of the presence of this informfption,
cpmpliance of a VVC videe-stream to the T-STD ensures that HRD buffer management requirements for CPB are met wher| each
bte in the VVC videa Stream is delivered to and removed from CPB in the HRD at exactly the same instant in time at whigh the
byte is delivered toyand removed from EBy in the T-STD.

2.232  T-STD\Extensions for single layer VVC

Wheh theresis-a VVC video stream or VVC temporal video sub-bitstream in a Rec. ITU-T H.222.0 | ISO/IEC 13418-1
prog and and there is no VVC temporal V|deo subset associated with this elementary stream of stream type 0x33 in the
Fated

in Flgure 2-29 and as specified below.

H.222.0(23)_F2-29

Figure 2-29 — T-STD model extensions for single layer VVC

© ISO/IEC 2023 - All rights reserved Rec. ITU-T H.222.0 v9 (08/2023) 231


https://standardsiso.com/api/?name=d976a73236130e03c15e87bc0324abc2

ISO/IEC 13818-1:2023

TBn, MBu, EBn buffer management
The following additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-29 above.

t(i)
TB,
TBS
MB,

MBS,

EB,

indicates the time in seconds at which the i-th byte of the Transport Stream enters the system target decoder
is the transport buffer for elementary stream n

is the size of the transport buffer TB,, measured in bytes

is the multiplexing buffer for elementary stream n

is the size of the multiplexing buffer MB,, measured in bytes

is the elementary stream buffer for the VVC video stream

j
Ay
td
R
R
The

(i)
)

Xn

following applies:

is an index to the VVC access unit of the VVC video stream

is the j-th access unit of the VVC video bitstream

is the decoding time of Ax(j), measured in seconds, in the system target decoder

is the transfer rate from the transport buffer TB, to the multiplex buffer MB,, as specified-below.

is the transfer rate from the multiplex buffer MB, to the elementary stream buffer EBix.as'specified below

»  There is exactly one transport buffer TB, for the received VVC video stream or VVC temporal video sub-
bitstream where the size TBS is fixed to 512 bytes.

«  There is exactly one multiplexing buffer MB, for the VVVC vidéo stream or VVC temporal video|sub-
bitstream, where the size MBS, of the multiplexing buffer MB isconstrained as follows:

MBS, = BSmux + BSoh + CpbNalFactor x MaxCPBitier, levely— cpb_size
where BSgh, packet overhead buffering, is defined as:

BSon = (1/750) seconds x max{ BrNalFactor x MaxBR[tier, level], 2 000 000 bit/s}
and BSmux, additional multiplex buffering, is defined as:

BSmux = 0.004 seconds x max{ BrNalFactor x MaxBR[tier, level], 2 000 000 bit/s}

CpbNalFactor and BrNalFactor are taken from Annex A of Rec. ITU-T H.266 | ISO/IEC 23090-3 for the profile
of the VVC video stream or VVC temporal video sub-bitstream. MaxCPBitier, level] and MaxBR{[tier, Ievel]
are taken from Annex A of Rec. ITU=T H.266 | ISO/IEC 23090-3 for the tier and level of the VVC video stfeam
or VVC temporal video sub-bitstream. cpb_size is CpbSize[ k ][ SchedSelldx ] corresponding to the NAL HRD
parameters of data flow intosthe CPB for the byte stream format as specified in clause 7 of Rec. ITU-T H66 |
ISO/IEC 23090-3, includéd in the VVC video stream or VVC temporal video sub-bitstream, and k is the highest
temporalld in the VVC video stream or VVC temporal video sub-bitstream.

«  There is exactly’one elementary stream buffer EB, for all the elementary streams in the set of recg¢ived
elementary-streams associated by hierarchy descriptors, with a total size EBS,

EBSh2)Cpb_size (measured in bytes)

wherecpb_size is CpbSize[ k ][ SchedSelldx ] corresponding to the NAL HRD parameters of data flow info the
CPB-for the byte stream format as specified in clause 7 of Rec. ITU-T H.266 | ISO/IEC 23090-3, included in the
VVC video stream or the VVVC temporal video sub-bitstream, and k is the highest temporalld in the VVC yideo
stream or VVC temporal video sub-bitstream.

232

»  Transfer from TB, to MB, is applied as follows:
When there is no data in TB, then Rx; is equal to zero. Otherwise:
Rx, = bit_rate

where bit_rate is BitRate[ k ][ SchedSelldx ] corresponding to the NAL HRD parameters of data flow into the
CPB for the byte stream format as defined in clause 7 of Rec. ITU-T H.266 | ISO/IEC 23090-3, and k is the
highest temporalld in the VVC video stream or VVVC temporal video sub-bitstream.

NOTE — When the NAL hrd_parameters() is present in the SPS or VPS of the VVC video stream the bit_rate is specified in
sub_layer_hrd_parameters( k ) , with k being the highest temporalld in the VVC video stream or VVC temporal video sub-
bitstream. Default values for BitRate[ k ][ SchedSelldx ] are also specified based on profile, tier and level when NAL HRD
parameters are not present in the SPS.
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»  Transfer from MB;, to EB, is applied as follows:

If the VVC _timing_and_HRD_descriptor is present with the hrd_management valid_flag set to '1' for the
elementary stream, then the transfer of data from MB,, to EB, shall follow the HRD defined scheme for data
arrival in the CPB of elementary stream as defined in Annex C of Rec. ITU-T H.266 | ISO/IEC 23090-3.

Otherwise, the leak method shall be used to transfer data from MB, to EB, as follows:
Rbx, = BrNalFactor x MaxBR{[tier, level]

where BrNalFactor is taken from Annex A of Rec. ITU-T H.266 | ISO/IEC 23090-3 for the profile of the VVC
video stream or VVC temporal video sub-bitstream and MaxBR{tier, level] is taken from Annex A of Rec. ITU-T
H.266 | ISO/IEC 23090-3 for the tier and level of the VVC video stream or VVC temporal video sub-bitstream.

STD

delay

H-thereisPESpacket paytoad-dataimviBrandbuffer EBrsnot-fult-the PESpacket paytoad-istransferred
from MB,, to EB,, at a rate equal to Rbx,. If EB,, is full, data are not removed from MB,. When a byte ef data is
transferred from MB, to EB,, all PES packet header bytes that are in MB, and precede that\byt¢ are
instantaneously removed and discarded. When there is no PES packet payload data present in MBgy no data is
removed from MB,. All data that enters MB, leaves it. All PES packet payload data.hytes enter| EB,
instantaneously upon leaving MBi.

The BTD delay of any Rec. ITU-T H.266 | ISO/IEC 23090-3 data other than VVC still picture data through the Sylstem
Targpt Decoders buffers TB,, MB,, and EB,, shall be constrained by tda(j) — t(i) < 10 secords for all j, and all bytef i in

acce

s unit An(j).

The glelay of any VVC still picture data through the System Target Decoders TBy, MB,, and EB, shall be constraingd by

tdn(

Buffer management conditions

Tranpport streams shall be constructed so that the following conditiohs-for buffer management are satisfied:

2.23]3

—t(i) < 60 seconds for all j, and all bytes i in access unit An(j).

»  Each TB; shall not overflow and shall be empty at,least once every second.
»  Each MBy, EB,, and DPB shall not overflow.

»  EB; shall not underflow, except when HRBD-parameters are present for the VVC video sequence with the
low_delay_hrd_flag[ i] set to '1". Underflow of EB, occurs for VVC access unit Ax(j) when one or more
bytes of An(j) are not present in EB,, @bthe decoding time tda(j).

T-STD Extensions for layered transport of VVVC temporal video subsets

Whep there is a VVVC video sub-bitstream*and at least one associated elementary stream of type 0x34 in a Rec. ITU-T
H.222.0 | ISO/IEC 13818-1 program,the T-STD model as described in 2.4.2 is extended as illustrated in Figure 2-3( and

as specified below.

n H

i
R Rbx, |

TBn H . MBn H lé?_’ EB“
- 1 ES !

A thtd
"U)Wl Il(-l} > D” DPB »

» Other PIDs H.222.0(23)_F2-30

Figure 2-30 — T-STD model extensions for layered transport of VVC temporal video subsets

The following additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-30 above.

(i)
H

indicates the time in seconds at which the i-th byte of the Transport Stream enters the system target decoder

is the number of received VVC temporal video subsets, associated by hierarchy descriptors with the same VVC
temporal video sub-bitstream.
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k is an index identifying the H+1 received elementary streams which contain exactly one VVC temporal video
sub-bitstream and H VVVC temporal video subsets associated by hierarchy descriptors. The index value k equal
to 0 identifies the elementary stream which contains the VVC temporal video sub-bitstream and index values k
ranging from 1 up to H identify the associated VVC temporal video subsets.

ESnx is the received elementary stream which contains the k-th VVVC temporal video subset or the VVC temporal
video sub-bitstream if k equals 0

ESnn is the received elementary stream containing the highest VVC temporal video subset present in the set of
received elementary streams

PIDy is the packet identifier value which identifies ESpn

j is an index to the output access units

A(j) is the j-th access unit of the VVC complete temporal representation

tdd(j) is the decoding time of An(j) in the system target decoder

TBnk is the transport buffer for elementary stream k

TBS,« is the size of the transport buffer TB,k, measured in bytes

MBnk is the multiplexing buffer for elementary stream k

MBS, «is the size of the multiplexing buffer MB,x, measured in bytes

EB, is the elementary stream buffer for the received VVC temporal video sub-bitstream ES; ¢and the received ¥VVC
temporal video subsets ESn1 to ESy 1

EBS, is the size of elementary stream buffer EB,, measured in bytes

Rink is the transfer rate from the k-th transport buffer TBx to the ksthumultiplex buffer MBx as specified below

Rixnk is the transfer rate from the k-th multiplex buffer MB, « to the-elementary stream buffer EB, as specified below

NOTE - The index n, where used, indicates that the received elementary streams and associated buffers belong to a certain
tgmporal video sub-bitstream and its associated VVC temparal\wvideo subsets, distinguishing these elementary stream
apsociated buffers from other elementary streams and buffers, maintaining consistency with the notation in Figure 2-29.

\VVC
and

TBn,k, MBnx, EBn buffer management

The following applies:

where

«  There is one transport buffer TBnx for each received elementary stream ES,x, where the size TBYnx is
fixed to 512 bytes.

»  There is one multiplex buffer MB, « for each received elementary stream ES; k, where the size MBS,k of
the multiplex bufferMB; k is constrained as follows:

MBShk = BSmux.*+ BSon + CpbNalFactor x MaxCPBJtier, level] — cpb_size (measured in bytes)

BSoh, packet«overhead buffering, and BSmux, additional multiplex buffering, are as specified in 2.23.2;

CpbNalRactor and BrNalFactor are taken from Annex A of Rec. ITU-T H.266 | ISO/IEC 23090-3 for the profile
of thelV\VC video stream. MaxCPBitier, level] and MaxBR[tier, level] are taken from Annex A of Rec. ITU-T
H.266° ISO/IEC 23090-3 for the tier and level of the VVVC highest temporal sublayer representation assodiated
with ESn;

enh ciza ic CnhSizal Ic T SehadSalldyv 1 corrasnondina-to-tha NAL _HPD naramatarc af data flowva inta tha PB
H 1S opPBOe ot G - O ESpORaRgtotHET Y =T o-pPatrarHete - Ottt HoW—THo—thH
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for the byte stream format as specified in Rec. ITU-T H.266 | ISO/IEC 23090-3, included in the VVVC highest
temporal sublayer representation associated with ESnx and k is the highest temporalld in the VVVC highest
temporal sublayer representation associated with ESp.

»  There is exactly one elementary stream buffer EB, for the H + 1 elementary streams in the set of received
elementary streams ES; to ES, 1, with a total size EBS,

EBS, = cpb_size (measured in bytes)

where cpb_size is CpbSize[ k ][ SchedSelldx ] corresponding to the NAL HRD parameters of data flow into the
CPB for the byte stream format as specified in Rec. ITU-T H.266 | ISO/IEC 23090-3, included in the VVC
highest temporal sublayer representation associated with ES,n and k is the highest temporalld in the VVC
highest temporal sublayer representation associated with ES; .
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e Transfer from TB,x to MB, is applied as follows:
When there is no data in TBnx then Rxnx is equal to zero. Otherwise:
Rxnk = bit_rate

where bit_rate is BitRate[ k ][ SchedSelldx ] corresponding to the NAL HRD parameters of data flow into the
CPB for the byte stream format as defined in clause 7 of Rec. ITU-T H.266 | ISO/IEC 23090-3, included in the
VVC highest temporal sublayer representation associated with ESx and k is the highest temporalld in the VVC
highest temporal sublayer representation associated with ES.

«  Transfer from MB,« to EB, is applied as follows:
Ifthe VVC tlmlng and_HRD descrlptor is present with the hrd management valid_flag set to '1' for the VVC

S a 0 data
arrlval in the CPB of elementary stream ESn H as deflned in Annex C of Rec ITU T H 266 | ISO/IEC 23090 3.

Otherwise, the leak method shall be used to transfer data from MB,k to EB,, as follows:
Rbxnx = BrNalFactor x MaxBR[tier, level]

where BrNalFactor is taken from Annex A of Rec. ITU-T H.266 | ISO/IEC 23090-3 for the profile of the VVC
video stream and MaxBR{[tier, level] is defined for the byte stream format in Annex A ‘of Rec. ITU-T H.R66 |
ISO/IEC 23090-3 for the tier and level of the VVC video stream or the VVC-highest temporal subjayer
representation associated with ESp .

If there is PES packet payload data in MB,, and EB, is not full, the PES (packet payload is transferred [from
MB, to EB,, at a rate equal to Rbx,. If EB, is full, data are not removed-from MB,x. When a byte of data is
transferred from MB,x to EB,, all PES packet header bytes that are in MB,x and precede that byt¢ are
instantaneously removed and discarded. When there is no PES packet'payload data present in MBj, no dgta is
removed from MB,. All data that enters MByx leaves it. AINPES packet payload data bytes enter| EB,
instantaneously upon leaving MB.

At the output of the elementary stream buffer EB,, the elementary.streams are aggregated by removing all VVC agcess
unitg in ascending DTS order and transferring them to the VVC decoder Dy, irrespective of which elementary stfeam
ESnq each VVC access unit belongs to.

STDj delay

The BTD delay of any Rec. ITU-T H.266 | ISO/IEC23090-3 data other than VVC still picture data through the Syjstem
Targpet Decoders buffers TBnx, MBnk, and EBn shall be constrained by tda(j) — t(i) < 10 seconds for all k, all j, arjd all
byte$ i in access unit An(j).

The flelay of any VVC still picture data through the System Target Decoders TBnx, MBnx, and EB, shall be constrgined
by tda(j) — t(i) < 60 seconds for all k,ally, and all bytes i in access unit A(j).

Buffer management conditions

Tranpport streams shall be gonstructed so that the following conditions for buffer management are satisfied:
«  Each TBgshall not overflow and shall be empty at least once every second.
«  EachrMB,x, EBn, and DPB shall not overflow.

«  EBy’shall not underflow, except when HRD parameters are present for the VVC video sequence with the
low_delay_hrd_flag[ i] set to '1". Underflow of EB, occurs for VVC access unit Ax(j) when one or more
bytes of An(j) are not present in EB, at the decoding time tda(j).

2.24—Carriage of EVC
2.24.1  Constraints for the transport of EVC

For EVC video streams or EVC temporal video sub-bitstreams, the following constraints additionally apply:

. Each EVC access unit shall contain an access unit delimiter NAL unit;

NOTE 1 — EVC requires that an access unit delimiter NAL unit is the first NAL unit within an EVC access unit. Access unit
delimiter NAL units simplify the ability to detect the boundary between EVC access units.

* An EVC video stream or EVC temporal video sub-bitstream shall be an element of a Rec. ITU-T H.222.0
| ISO/IEC 13818-1 program and the stream_type for this elementary stream shall be equal to 0x35.

»  The sequence parameter sets, picture parameter sets and adaptation parameter sets, as specified in ISO/IEC
23094-1, necessary for decoding an EVC video stream or EVC temporal video sub-bitstream shall be
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present within the elementary stream carrying that EVC video stream or EVC temporal video
bitstream.

sub-

* Ineach elementary stream with stream_type equal to 0x35 with a hierarchy descriptor the hierarchy_type

in the hierarchy descriptor shall be equal to 16.

Carriage in PES packets

ISO/IEC 23094-1 Video is carried in PES packets as PES packet data_bytes, using one of the 16 stream_id values
assigned to video, while signalling the ISO/IEC 23094-1 video stream by means of the assigned stream-type value in the
PMT (see Table 2-34). The highest level that may occur in an EVC video stream as well as profile and toolset
identifications that the entire stream conforms to should be signalled using the EVC video descriptor. If an EVC video
descriptor is associated with an EVC video stream or an EVC temporal video sub-bitstream, then this descriptor shall be
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mmendation | International Standard does not specify presentation of ISO/IEC 23094-1 streams in the contex
fam.

y EVC access unit shall be carried on exactly one PES packet. For PES packetization, no specificrdata align
raints apply. For synchronization and STD management, PTSs and, when appropriate, DTSs are’encoded i
br of the PES packet that carries the ISO/IEC 23094-1 video elementary stream data. For PTS and DTS enco
pnstraints and semantics apply as defined in 2.4.3.7 and 2.7.

OTE 2 — EVC video streams can emulate PES start codes (in contrast to other video codecs that mandate start code emu
evention for the elementary stream).

buffer management

age of a EVC video stream or a EVC temporal video sub-streams over Rec<ITU-T H.222.0 | ISO/IEC 13818-1
mpact the size of buffer DPB. The DPB shall be managed as specified in Annex C of ISO/IEC 23094-1 (clause
C.5). A decoded EVC access unit enters the DPB instantaneously upen{decoding of the EVC access unit, hen

video stream or an EVC temporal video sub-bitstream provides ‘insufficient information to determine the
val time and the DPB output time of EVC access units, thenrthese time instants shall be determined in the
| from PTS and DTS timestamps as follows:

1) The CPB removal time of EVC access unit n 1s-the instant in time indicated by DTS(n) where DTS
the DTS value of EVC access unit n.

2) The DPB output time of EVC access unit n is the instant in time indicated by PTS(n) where PTS(n)
PTS value of EVC access unit n.

OTE 3 — EVC video sequences in which the-lew_delay_hrd_flag in the syntax structure hrd_parameters() is set to 1

u
n

V|
t

2.24

Whe|
prog

fficient information to determine the DPB.output time and the CPB removal time of each EVC access unit. Hence for EVC §
its for which STD underflow may occur, the CPB removal time and the DPB output time are defined by HRD parameter:
t by DTS and PTS timestamps.

OTE 4 — An EVC video stream may\carry information to determine compliance of the EVC video stream to the HRD, as spe
Annex C of ISO/IEC 23094-1( The presence of this information can be signalled in a transport stream using the EVC timin
RD descriptor with the hrd~management_valid_flag set to '1". Irrespective of the presence of this information, complianc

C video stream to the T=STD ensures that HRD buffer management requirements for CPB are met when each byte in the
deo stream is delivered t6"and removed from CPB in the HRD at exactly the same instant in time at which the byte is deli
and removed fronmTEBs in the T-STD.

2  T-STD'Extensions for single layer EVC

there is-a*EVC video stream or EVC temporal video sub-bitstream in a Rec. ITU-T H.222.0 | ISO/IEC 138
amthe T-STD model as described in 2.4.2 is extended as illustrated in Figure 2-31 and as specified below.
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Figure 2-31 — T-STD model extensions for single layer EVC
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TBn, MBu, EBn buffer management
The following additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-31.

t(i)

B,
TBS
MB,

MBS,

EBn

indicates the time in seconds at which the i-th byte of the Transport Stream enters the system target decoder
is the transport buffer for elementary stream n

is the size of the transport buffer TB,, measured in bytes

is the multiplexing buffer for elementary stream n

is the size of the multiplexing buffer MBn, measured in bytes

is the elementary stream buffer for the EVC video stream

]
Ay
td
R
R
The

(i)
)

Xn

following applies:

where BSqn, packet overhead buffering, is defined as:

and BSmux, additional multiplex buffering, is defined-as:

is an index to the EVC access unit of the EVC video stream

is the j-th access unit of the EVC video bitstream

is the decoding time of Ax(j), measured in seconds, in the system target decoder

is the transfer rate from the transport buffer TBn to the multiplex buffer MB, as specified, below.

is the transfer rate from the multiplex buffer MBn to the elementary stream buffer EBy as specified below

»  There is exactly one transport buffer TB, for the received EVC video stream or EVC temporal video]sub-
bitstream where the size TBS is fixed to 512 bytes.

e There is exactly one multiplexing buffer MB, for the EVC vidéo stream or EVC temporal video|sub-
bitstream, where the size MBSn of the multiplexing buffer MB is’constrained as follows:

MBS, = BSmux + BSon + CpbBrNalFactor x MaxCPBJlevel] ~cpb_size

BSoh = (1/750) seconds x max{ CpbBrNalFactor x MaxBR[level], 2 000 000 bit/s}

BSmux = 0.004 seconds x max{ CpbBrNalFactorx MaxBR[level], 2 000 000 bit/s}

MaxCPB [level] and MaxBR[level] are taken from Annex A of ISO/IEC 23094-1 for the level of the EVC yideo
stream or EVC temporal video(,sub-bitstream. cpb_size is taken from the HRD parameters
cpb_size_value_minusl[ SchedSelldx], as specified in Annex E of ISO/IEC 23094-1, included in the EVC yideo
stream or EVC temporal video sub-bitstream.

«  There is exactly ong-elementary stream buffer EB, for all the elementary streams in the set of recgived
elementary streams associated by hierarchy descriptors, with a total size EBS,

EBS, = cpb_size (measured in bytes)

where cpb_size iSitaken from the HRD parameters, as specified in clause 7 of ISO/IEC 23094-1, included ip the

EVC video stream or the EVC temporal video sub-bitstream.

»  Tranpsfer from TB, to MB, is applied as follows:
Whentthere is no data in TB, then RXx; is equal to zero. Otherwise:

Rx, = bit_rate

WIETe Dit_Tate 15 it Tate_vatue_minusif SCNedSeiidx |+ corresponding o the NALC HRD parameters of data
flow into the CPB for the byte stream format and bit_rate_value_minusl [ SchedSelldx ] is as defined in Annex E
of ISO/IEC 23094-1.

NOTE — When the NAL hrd_parameters() is present in the SPS of the EVC video stream the bit_rate is specified in
sub_layer_hrd_parameters( i ). Default values for bit_rate_value_minus1 [ SchedSelldx] are also specified based on profile,
tier and level when NAL HRD parameters are not present in the SPS. .

«  Transfer from MB;, to EB, is applied as follows:

If the EVC _timing_and_HRD_descriptor is present with the hrd_management valid_flag set to '1' for the
elementary stream, then the transfer of data from MB,, to EB, shall follow the HRD defined scheme for data
arrival in the CPB of elementary stream as defined in Annex C of ISO/IEC 23094-1.

Otherwise, the leak method shall be used to transfer data from MB, to EB, as follows:
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Rbx, = CpbBrNalFactor x MaxBR[level]

where MaxBR[level] is taken from Annex A of ISO/IEC 23094-1 for the tier and level of the EVC video stream
or EVC temporal video sub-bitstream.

If there is PES packet payload data in MB,, and buffer EB, is not full, the PES packet payload is transferred
from MB, to EB, at a rate equal to Rbx,. If EB, is full, data are not removed from MB,. When a byte of data is
transferred from MB, to EB,, all PES packet header bytes that are in MB, and precede that byte are
instantaneously removed and discarded. When there is no PES packet payload data present in MB,, no data is
removed from MB,. All data that enters MB, leaves it. All PES packet payload data bytes enter EB,
instantaneously upon leaving MBi.

STD delay

The STD delay of any ISO/IEC 23094-1 data other than EVC still picture data through the System Target Decoders

buffg
The

rs TBn, MBy, and EB,, shall be constrained by tds(j) — t(i) < 10 seconds for all j, and all bytes i in access pnit'Al
elay of any EVC still picture data through the System Target Decoders TB,, MB,, and EB, shall be.constraing

n(0)-
d by

tdn(j] — t(i) < 60 seconds for all j, and all bytes i in access unit An(j).

Buffer management conditions

Tranpport streams shall be constructed so that the following conditions for buffer management are satisfied:

2.25
2.25(1

For L.CEVC video streams, the following constraints additionally apply:

»  Each TB, shall not overflow and shall be empty at least once every second:
»  Each MBy, EB,, and DPB shall not overflow.

»  EB; shall not underflow, except when HRD parameters are present'for the EVC video sequence with the
low_delay_hrd_flag set to '1'. Underflow of EB, occurs for EVCccess unit Aq(j) when one or more bytes
of An(j) are not present in EB;, at the decoding time tdn(j).

Carriage of LCEVC

Constraints for the transport of LCEVC

* An LCEVC video stream shall be an elentent of an Rec. ITU-T H.222.0 | ISO/IEC 13818-1 progran and
the stream_type for this elementary stream shall be equal to the value defined in Table 2-34.

 ARec. ITU-T H.222.0 | ISO/IEG 13818-1 program may include more than one LCEVC video strean.

»  Each LCEVC video stream ma Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program shall have an LCEVC
video descriptor present in the' descriptor loop of the program map section for the LCEVC video strepm.

» Itis possible that the same video elementary stream constitutes a base stream for more than one LCEVC
video stream.

+  For each LCEY€ video stream in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, a video elementary
stream in the-same Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program shall exist with an LCEVC linkage
descriptor-and the array of Icevc_stream_tags of this LCEVC linkage descriptor shall include one with the
same Value of Icevc_stream_tag of the LCEVC video descriptor of this LCEVC video stream.

* AnLCEVC video stream enhances the base video elementary stream, element of the same Rec. ITU-T
H.222.0 | ISO/IEC 13818-1 program, that carries the same Icevc_stream_tag, in its LCEVC linkage
descriptor, as the Icevc_stream_tag indicated in the LCEVC video descriptor.

<" The NAL units, as specified in ISO/IEC 23094-2, necessary for decoding an LCEVC video stream, |shall
be present within the elementary stream carrying that | CEVC video stream

2.25.2

Carriage in PES packets

ISO/IEC 23094-2 video is carried in PES packets as PES_packet_data_bytes, using one of the 16 stream_id values
assigned to video, while signalling the ISO/IEC 23094-2 video stream by means of the assigned stream-type value in the
PMT (see Table 2-34). The highest level that may occur in an LCEVC video stream as well as a profile and tier that the
entire stream conforms to should be signalled using the LCEVC video descriptor. If an LCEVC video descriptor is
associated with an LCEVC video stream, then this descriptor shall be conveyed in the descriptor loop for the respective
elementary stream entry in the program map table.

This Recommendation | International Standard does not specify the presentation of ISO/IEC 23094-2 streams in the
context of a program.
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For PES packetization, the following data alignment constraints apply:
*  Only one access unit shall be carried within each PES packet.

«  PES_packet_length of value 0 is allowed and shall indicate to the decoder that it should detect PES
boundaries by means of the payload_unit_start_indicator.

For synchronization and STD management, PTSs shall be encoded in the header of each PES packet that carries the
ISO/IEC 23094-2 video elementary stream data. For PTS encoding, the constraints and semantics apply as defined in
2.4.3.7and 2.7.

2.25.3  DPB buffer management

Carriage of a LCEVC video stream over Rec ITU- T H. 222 0 | ISO/IEC 13818- 1 does not impact the size of buffer DPB.
For : S-as-C :
be managed as specmed in Annex C of ISO/IEC 23094 2 (clauses C 3 and C 5). A decoded LCEVC access un|t enters
the OPB instantaneously upon decoding of the LCEVC access unit, hence at the CPB removal time of the LCEV/C agcess
unit.]A decoded LCEVC access unit is presented at the DPB output time. If the base video stream provides|insufficient
information to determine the CPB removal time and the DPB output time of LCEVC access units, then these time ingtants
shalllbe determined in the STD model from PTS and DTS timestamps as follows:

»  The CPB removal time of LCEVC access unit n is the instant in time indicated by-DTS(n), where DTS(n)
is the DTS value of base access unit n.

«  The DPB output time of LCEVC access unit n is the instant in time indicateéd"by PTS(n), where PTS([n) is
the PTS value of base access unit n.

OTE 1 - LCEVC video sequences in which the low_delay_hrd_flag in the syntax structure-hrd_parameters() on the base sfream
set to 1 carry sufficient information to determine the DPB output time and the CPB removal time of each LCEVC accesq unit.
ence, for base access units for which STD underflow can occur, the CPB removaltime and the DPB output time are definpd by
RD parameters, and not by DTS and PTS timestamps.

OTE 2 — An LCEVC video stream may carry information to determine cormpliance of the LCEVC video stream to the HRD, as
becified in Annex C of ISO/IEC 23094-2. The presence of this informatior.can be signalled in a transport stream using thq base
ming and HRD descriptor with the hrd_management_valid_flag setste*'1". Irrespective of the presence of this informption,
bmpliance of a base video stream to the T-STD ensures that HRD buffer management requirements for CPB are met wher each
yte in the LCEVC video stream is delivered to and removed from<CPB in the HRD at exactly the same instant in time at yhich
fe byte is delivered to and removed from EBn in the T-STD.
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Annex A

CRC decoder model

(This annex forms an integral part of this Recommendation | International Standard.)

CRC decoder model

The 32-bit CRC decoder model is specified in Figure A.1.

Received data and CRC_32 bits
(most significant bit first)
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Figure A.1 — 32-bit CRC decodet model

hnected to the input of z(i + 1), with i =0, 1, 3, 4, 6,7,"9, 10, 11, 15, 21, 22, and 25. Refer to Figure A.1.
is the CRC calculated with the polynomial:

) shall be zero. At:the CRC encoder the CRC_32 field is encoded with a value such that this is ensured.
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B2-bit CRC decoder operates at bit level and consists of 14 adders '+' and 32 delay elements z(i). The input gf the
decoder is added to the output of z(31), and the result is\provided to the input z(0) and to one of the inputs of|each
remdining adder. The other input of each remaining adder is, the output of z(i), while the output of each remaining gdder

XSZ+X26+X23+X22+X16+X12+X11+X10+X8+X7+X5+X4+X2+X+1 (A\'l)

5 are received at the input of the CRC decoder. Each byte is shifted into the CRC decoder one bit at a time, with the
nost bit (msb) first. For examplegif'the input is byte 0x01 the seven '0's enter the CRC decoder first, followed by the
1'. Before the CRC processing.of the data of a section the output of each delay element z(i) is set to its initial yalue
fter this initialization, each-byte of the section is provided to the input of the CRC decoder, including the|four
| 32 bytes. After shifting.the last bit of the last CRC_32 byte into the decoder, i.e., into z(0) after the addition|with
utput of z(31), the qutput of all delay elements z(i) is read. In the case where there are no errors, each of the outputs
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Annex B

Digital storage medium command and control (DSM-CC)

(This annex does not form an integral part of this Recommendation | International Standard.)

B.1 Introduction

The DSM-CC protocol is a specific application protocol intended to provide the basic control functions and operations
specific to managing a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream on digital storage media. This DSM-CC is a

low-level protocol above network/OS layers and below application layers.

The NDOMN _CC chall ba trancnaran o tho

falla
otV oo ST ot uul ISPTreTe e |u||uvv|||u SEeRSe:

+ Itis independent of the DSM used;

« itis independent of whether the DSM is located at a local or remote site;

« itis independent of the network protocol with which the DSM-CC is interfaced;
e itis independent of the various operating systems on which the DSM is operated.

B.1.] Purpose

Many applications of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 DSM Control Cofmands require access

Rec.|/ITU-T H.222.0 | ISO/IEC 13818-1 bitstream stored on a variety of digital storage\media at a local or remote
Diffgrent DSM have their own specific control commands and thus, a user would neegd-to know different sets of sp4
DSM control commands in order to access Rec. ITU-T H.222.0 | ISO/IEC 13818-1\bitstreams from different DSM.
brings many difficulties to the interface design of a Rec. ITU-T H.222.0 |ISO/IEC 13818-1 or ISO/IEC 111
application system. To overcome this difficulty, a set of common DSM coftfol commands, which is independent d
specffic DSM used, is suggested in this annex. This annex is informative only. ISO/IEC 13818-6 defines DSM
extemsion with a broader scope.

B.1.2 Future applications

Beygnd the immediate applications supported by the current'DSM control commands, future applications base
extemsions of DSM command control could include the falowing:

to a
site.
cific
This
72-1
f the
I-CC

d on

ould

seleqt a video program from a list of programs.available from a video server. Such applications could be used by hgtels,

cablg TV, educational institutions, hospitals,etc.

Interactive video services

In thpse applications, the user prevides frequent feedback controlling the manipulation of stored video and audio. T
services can include video-basedl games, user-controlled video tours, electronic shopping, etc.

Viddo networks

Varipus applications'may wish to exchange stored audio and video data through some type of computer network. U

hese

Jsers

could route AWAinformation through the video network to their terminals. Electronic publishing and multinjedia

applications.are examples of this kind of application.

ISO/IEC 13818 1 decodlng W|thout havmg to fuIIy understand the detalled operatlon of the specmc DSM used .

The DSM control commands are codes to give end users the assurance that the Rec. ITU-T H.222.0 | ISO/IEC 13818-1
bitstreams can be played and stored with the same semantics, independent of the DSM and user interface. They are
fundamental commands for the control of DSM operation.

© ISO/IEC 2023 - All rights reserved Rec. ITU-T H.222.0 v9 (08/2023)
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B.1.4 Basic functions

B.1.4.1 Stream selection

The DSM-CC provides the means to select a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream upon which to perform
the succeeding operations. Such operations include creation of a new bitstream. Parameters of this function include:

+ index of the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream (the mapping between this index and a name
meaningful to an application is outside the scope of the current DSM-CC);

* mode (retrieval/storage).

B.1.4.2 Retrieval

The DSM-CC provides the means to:

+  play an identified Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream;
»  play from a given presentation time;

»  setthe playback speed (normal or fast);

«  set the playback duration (until a specified presentation time, the end of the bitstream.ir’ forward plgy or
the beginning in reverse play or the issuance of a stop command);

»  setthe direction (forward or reverse);

*  pause;

e resume;

»  change the access point in the bitstream;
. stop.

B.1.4.3 Storage

The PSM-CC provides the means to:
«  cause storage of a valid bitstream for a specified duration;
+  cause storage to stop.

DSM-CC provides a useful but limited subset of functionality that may be required in DSM based Rec. ITU-T H.222.0 |
ISONEC 13818-1 applications. It is fully expected that significant additional capabilities will be added through subsequent
extensions.

B.2 General elements

B.2.] Scope

The $cope of this work consists of the development of a Recommendation | International Standard to specify a usefgll set
of cdmmands for control of digital storage media on which a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream is stpred.
The gommands can perform.remote control of a digital storage media in a general way independently of the specific PSM
and pply to any Rec. ITY;T H.222.0 | ISO/IEC 13818-1 bitstream stored on a DSM.

B.2.2 Overview.of the DSM-CC application

The purrent DSM-CC syntax and semantics cover the single user to DSM application. The user's system is capafjle of
retrigving a.Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream and is also (optionally) capable of generating a Rec. ITU-T
H.222.0/NSO/IEC 13818-1 bitstream. The control channel over which the DSM commands and acknowledgements are
sent [is“Shown in Figure B.1 as an out-of-band channel. This can also be accomplished by inserting the DSM-CC
commands and acknowledgements into the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstreams If an out-of-band channel
is not available.
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DSM-CC

DSM ACK R User

DSM

ISO/IEC 13818 Video bitstream
bitstream System

decoder |—Audio bitstream

Y

ISO/IEC 13818 Video bitstream
bitstream System .
chcoder—he=AuUdio bitstream

vvvvvvv

A

A

H.222.0(12)_FB.1

Figure B.1 — Configuration of DSM-CC application

B.2.] The transmission of DSM-CC commands and acknowledgements

The PSM-CC is encoded into a DSM-CC bitstream according to the syntax and semantics defined in B.3.2 through B.3.9.
The DSM-CC bitstream can be transmitted both as a stand-alone bitstream and in a Rec¢. ITU-T H.222.0 | ISQ/IEC
13818-1 Systems bitstream.

Wheh the DSM-CC bitstream is transmitted in stand-alone mode, its relationship\to’ the Systems bitstream angl the
decofding process is illustrated in Figure B.2. In this case, the DSM-CC bitstream is not embedded in the Sygtems
bitstieam. This transmission mode can be used in the applications when the~xDSM is connected directly with the
Rec.|/ITU-T H.222.0 | ISO/IEC 13818-1 decoder. It can also be used in the applications where the DSM-CC bitstyeam
could be controlled and transmitted by other types of network multiplexors.

ISO/IEC 13818 bitstream

(no DSM-CC embedded) [ system Video bitstream
"l decoder Audio bitstream >
DSM-CC bitstream \\NDSM-CC Decoded DSM-CC
"1 decoder >

H.222.0(12)_FB.2

Figure B.2 - BSM=EC bitstream decoded as a stand-alone bitstream

For $ome applications, it is desirable to transmit the DSM-CC in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 sygtems
bitstieam so that some featurés of the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 systems bitstream could be applied tp the
DSM-CC bitstream as wellZIn this case, the DSM-CC bitstream is embedded in the systems bitstream by the sygtems
multjplexor.

The DSM-CC bitstream is encoded by the systems encoder in the following process. First, the DSM-CC bitstream is
packetized into-a packetized elementary stream (PES) according to the syntax described in 2.4.3.6. The PES pacKet is
then|multiplexed into either a program stream (PS) or a transport stream (TS) according to the requirement of the
trangmissiop-media. The decoding procedures are the inverse of the encoding procedures and are illustrated in the hlock
diagfam.of the Systems decoder depicted in Figure B.3.

In Figure B.3, the output of the Systems decoder is a video bitstream, audio bitstream and/or DSM-CC bitstream. The
DSM-CC bitstream is identified by the stream_id, value '1111 0010' as defined by the stream_id Table 2-22. Once the
DSM-CC bitstream is identified, it follows the rules as specified by T-STD or P-STD.
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B.3

B.3.] Definitions

For the purposes of this Recommendation | International Standard, the following definitions apply:

ISO/IEC 13818 bitstream Video bitstream
(DSM-CC is embedded) |

R System Audio bitstream

\4

v

decoder
DSM-CC Decoded
bitstream . DSM-CC DSM-CC )

decoder

H.222.0(12)_FB.3

Figure B.3 — DSM-CC bitstream decoded as part of the system bitstream

Technical elements

B.3.1.1 DSM-CC: Digital Storage Media Command and Control Commands that are specified by Ree; ITU-T H.222.0
| ISQ/IEC 13818-1 for the control of digital storage media at a local or remote site containing aRRec. ITU-T H.222.0 |

I1ISO

B.3.1.2 DSM ACK: The acknowledgement from the DSM-CC command receiver to the command initiator.

B.3.1.3 MPEG bitstream: An ISO/IEC 11172-1 Systems stream, Rec. ITU-T H.222.0| ISO/IEC 13818-1 pro
stream or Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport stream.

EC 13818-1 bitstream.

jram

B.3.1.4 DSM-CC server: A system, either local or remote, used to store and/or-retrieve a Rec. ITU-T H.222.0 | ISQ/IEC

138

B.3.1.5 point of random access: A pointin a Rec. ITU-T H.222.0 | ISOHEC 13818-1 bitstream with the property

for

can e decoded without reference to previous access units, and forevery elementary stream in the bitstream all a
unitd with the same or later presentation times are completely,contained subsequently in the bitstream and c3
completely decoded by a system target decoder without access to information prior to the point of random access

bitst
poin
matr
PTS

B.3.]

8-1 bitstream.

that

least one elementary stream within the bitstream, the next aceess unit, 'N', completely contained in the bitstream

eam as stored on the DSM may have certain points of fandom access; the output of the DSM may include addit
s of random access manufactured by the DSM's owf’manipulation of the stored material (e.g., storing quantiz
ces so that a sequence header can be generated.whenever necessary). A point of random access has an assoc
namely the actual or implied PTS of access,unit 'N'.

.6 current operational PTS value:-The actual or implied PTS associated with the last point of random a

prec

inca
of ra

B.3.1
B.3.

bitstFleam. If no access unit has been_provided from this Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream, the DS

ding the last access unit provided from-the DSM from the currently selected Rec. ITU-T H.222.0 | ISO/IEC 139

able of providing random accesstinto the current bitstream, then the current operational PTS value is the first
hdom access in the Rec. ITY-TH.222.0 | ISO/IEC 13818-1 bitstream.

.7 DSM-CC bitstream:/A sequence of bits satisfying the syntax of B.3.2.

Specification.aP? DSM-CC syntax
«  Evefy'BSM control command shall commence with a start_code, as specified in Table B.1.

« E&very DSM control command shall have a packet length to specify the number of bytes
DSM-CC packet.

¢ When the DSM-CC bitstream is transmitted as a PES packet as defined in 2.4.3.6, the fields up t

packet length field are identical to those specified in 2.4.3.6. In other words, if the DSM-CC pach

cess
n be
The
onal
htion
ated

LCEsS
18-1
M is
hoint

na

D the
et is
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encapsulated in a PES packet, the PES packet start code is the only start code at the beginning of the packet.
»  The actual control command or acknowledgement shall follow the last byte of the packet_length field.
«  Anacknowledgement stream shall be provided by the DSM control bitstream receiver after the requested

operation is started or is completed, depending on the command received.

+ At all times the DSM is responsible for providing a normative Rec. ITU-T H.222.0 | ISO/IEC 13818-1

stream. This may include manipulating the trick mode bits defined in 2.4.3.6.

Rec. ITU-T H.222.0 v9 (08/2023) © ISO/IEC 2023 - All rights reserve
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Syntax No. of bits | Mnemonic
DSM_CC() {
packet_start_code_prefix 24 bslbf
stream_id 8 uimsbf
packet_length 16 uimsbf
command_id 8 uimsbf
If (command_id = ='01") {
control()
} else if (command id = ='02") {
ack()
}
}

B.3. Semantics of fields in specification of DSM-CC syntax

pacKet start_code_prefix — This is a 24-bit code. Together with the stream_id that follows it Constitutes a DSIV
packet start code that identifies the beginning of a DSM-CC packet bitstream. The packet~start_code_prefix is th

string ‘0000 0000 0000 0000 0000 0001' (0x000001).

-CC
e bit

stregm_id — This 8-bit field specifies the bitstream type and shall have a value '1111 0010 for the DSM-CC bitstieam.

Refef to Table 2-22.

pacKet_length — This 16-bit field specifies the number of bytes in the DSM-CC ‘packet immediately following th

byte of this field.

p |ast

comand_id — This 8-bit unsigned integer identifies the bitstream is a cantrol command or an acknowledgement stream.

The yalues are defined in Table B.2.

Table B.2 — Command.id assigned values

Value Command_id
0x00 Forbidden
0x01 Control
0x02 Ack
0x03 .. OXFF Reserved

B.3.4  Control layer

Congstraints on setting flags(in) DSM-CC control

bits are set, then this command shall be ignored.

« At most one.of the flags for select, playback and storage shall be set to '1' for each DSM control comnpand.
If none ofthese bits are set, then this command shall be ignored.

*  At.nost one of pause_mode, resume_mode, stop_mode, play_flag, and jump_flag shall be set for
retrieval command. If none of these bits are set, then this command shall be ignored.

.\ At most one of record_flag and stop_maode shall be selected for each storage command. If none of

each

hese

© ISO/IEC 2023 - All rights reserved
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See Table B.3.
Table B.3 - DSM-CC control
Syntax No. of bits | Mnemonic
control() {
select_flag bslbf
retrieval_flag bslbf
storage_flag bslbf
reserved 12 bslbf
marker—bit 1 bslbf
If (select_flag =="1") {
bitstream_id [31..17] 15 bslbf
marker_bit 1 bslbf
bitstream_id [16..2] 15 bslbf
marker_bit 1 bslbf
bitstream_id [1..0] 2 bslbf
select_mode 5 bslbf
marker_bit 1 bslbf
}
if (retrieve_flag=="1){
jump_flag 1 bslbf
play_flag 1 bslbf
pause_mode 1 bslbf
resume_mode 1 bslbf
stop_mode 1 bslbf
reserved 10 bslbf
marker_bit 1 bslbf
if Gump_flag =="1") {
reserved bslbf
directionLindicator bslbf
timexncode()
}
if (playnflag = ="1){
speed_mode bslbf
direction_indicator bslbf
reserved bslbf
time_code()
}
}
if (storage_flag = ="1") {
reserved bslbf
record_flag bslbf
stop—mode t bsthf
if (record_flag =="1") {
time_code()
}
}
}
B.3.5  Semantics of fields in control layer

marker_bit — This is a 1-bit marker that is always set to '1' to avoid start code emulation.

246 Rec. ITU-T H.222.0 v9 (08/2023)
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reserved_bits — This 12-bit field is reserved for future use by this Recommendation | International Standard for
DSM control commands. Until otherwise specified by ITU-T | ISO/IEC it shall have the value ‘0000 0000 0000'.

select_flag — This 1-bit flag when set to '1' specifies a bitstream selection operation. When it is set to '0' no bitstream
selection operation shall occur.

retrieval_flag — This 1-bit flag when set to '1' specifies that a specific retrieval (playback) action will occur. The operation
starts from the current operational PTS value.

storage_flag — This 1-bit flag when set to '1' specifies that a storage operation is to be executed.

bitstream_ID — This 32-bit field is coded in three parts. The parts are combined to form an unsigned integer specifying
which Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream is to be selected. It is the DSM server's responsibility to map the
names of the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstreams stored on its DSM uniquely to a series of numbers which
couldl be represented by the bitstream_ID.

seledgt_mode — This 5-bit unsigned integer specifies which mode of bitstream operation is requested. Table B.4,spe¢ifies
the defined modes.

Table B.4 — Select mode assigned values

Code Mode
0x00 Forbidden
0x01 Storage
0x02 Retrieval
0x03 .. Ox1F Reserved

jump_flag — This 1-bit flag when set to '1' specifies a jump in the playback pointer to a new access unit. The new P['S is
specified by a relative time_code with respect to the current operational 'PTS value. This function is only valid wheh the
currgnt Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream is in the¢'stop™ mode.

play| flag — This 1-bit flag when set to '1' specifies to play a bitstféam for a certain time period. The speed, direction|, and
play |duration are additional parameters in the bit stream. The play starts from the current operational PTS value.

pauge_mode — This is a one-bit code specifying to pause'the playback action and keep the playback pointer at the cyrrent
opergtional PTS value.

resume_mode — This is a one-bit code specifying-to continue the playback action from the current operational PTS value.
Resuyme only has meaning if the current bitstream is in the "pause™ state, and the bitstream will be set to the forward|play
state|at normal speed.

stop] mode — This is a one-bit code specifying to stop a bitstream transmission.

direg¢tion_indicator — This is a dnerbit code to indicate the playback direction. If this bit is set to '1', it stands for a forward
play] Otherwise it stands for & backward play.

speefl_mode — This is a-1:hit code to specify the speed scale. If this bit is set to '1', it specifies that the speed is ngrmal
play] If this bit is set t0™0"] it specifies that the speed is fast play (i.e., fast forward or fast reverse).

recofd_flag — This-is one-bit flag to specify the request of recording the bitstream from an end user to a DSM |for a
specified duration or until the reception of a stop command, whichever comes first.

B.3.6 Acknowledgement layer
Constraints-en-setting-flags-in DSM-CC-—eontrel

Only one of the acks bits specified below can be set to '1' for each DSM ack bitstream (see Table B.5).
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Table B.5 - DSM-CC Acknowledgement

Syntax No. of bits | Mnemonic

ack() {
bslbf

bslbf

select_ack

retrieval_ack
storage_ack bslbf
error_ack bslbf
reserved 10 bslbf
marker_bit bslbf
cmd_status 1 bslbf

B

[y

B.3.1
seled

retri

erro
play
1, c
cmd
is rej

Semantics of fields in acknowledgement layer
t_ack — This 1-bit field when it is set to '1" indicates that the ack() command is to acknowledge a select comma3

eval_ack — This 1-bit field when set to '1' indicates that the ack() command is to‘acknowledge a retrieval com

I ack — This 1-bit field when set to '1' indicates a DSM error. The defined errors are EOF (end of file on for
or start of file on reverse play) on a stream being retrieved and Disk-Full on a stream being stored. If this bit is
md_status is undefined. The current bitstream is still selected.

If (cmd_status =="1' &&
(retrieval_ack = ="1" || storage_ack = ='1")) {
time_code()

}

and
storgge_ack — This 1-bit field when set to '1" indicates that the ack() command is to-acknowledge a storage comm;]:d.

If select_ack is set and cmd_status is set to 'L} it specifies that the Rec. ITU-T H.222.0 | ISO/IEC 13§
bitstream is selected and the server is-ready to provide the selected mode of operation. The cU
operational PTS value is set to the firstpoint of random access of the newly selected Rec. ITU-T H.?
| ISO/IEC 13818-1 bitstream. If cmdi status is set to ‘0", the operation has failed and no bitstream is sele

If retrieval_ack is set and cmd._status is set to '1', it specifies that the retrieval operation is initiated f
retrieval commands. The pgsition of the current operational PTS pointer is reported by the succeg
time_code.

For the play_flag command with infinite_time_flag !'= '1', a second acknowledgement will be sent.
will acknowledge~that the play operation has ended by reaching the duration defined by the play
command.

If the cmd <status is set to '0" in a retrieval acknowledgement, the operation has failed. Possible reaso
this failuresinclude an invalid bitstream_ID, jumping beyond the end of a file, or a function not supp
such.asveverse play in standard speed.

If storage_ack is set, it specifies that the storage operation is being started for the record_flag comma
is.completed by the stop_mode command. The PTS of the last complete access unit stored is report
the succeeding time_code.

If the recording operation is ended by reaching the duration defined by the storage_flag command, an

nd.

ward
et to

| status — This 1-bit flag set to '1' indicates that the command-is accepted. When set to '0' it indicates the comfnand
ected. The semantics vary according to the command received as follows:

18-1
rrent
22.0
cted.

br all
ding

This
| flag

s for
Drted

hd or
d by

bther

shallba cantandtha Al RTEC ol oFt aran

rted.

B.3.8

aclaaawdedaarmant HErarnt-anakats a rtha raoordina o
aCKovvIctgemcTesrar ot Strranctreeurrert optratotarT I varocarter a e Tetoruamyg-Srar ot Tt PU

If the cmd_status is set to '0" in a storage acknowledgement, the operation has failed. Possible reasons for

this failure include an invalid bitstream_ID, or the inability of the DSM to store data.

Time code

Constraints on time code
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A forward operation of specified duration given by a time_code terminates after the actual or implied

PTS

of an access unit is observed such that PTS minus the current operational PTS value at the start of the

operation modulo 2% exceeds the duration.
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» A backward operation of specified duration given by a time_code terminates after the actual or implied
PTS of an access unit is observed such that current operational PTS value at the start of the operation minus
that PTS modulo 2% exceeds the duration.

«  For all the commands in the control() layer, the time_code is specified as a relative duration with respect
to the current operational PTS value.

«  Forall the commands in the ack() layer, the time_code is specified by the current operational PTS value.

See Table B.6.
Table B.6 — Time code
SyHtax No—of-bits——Mnremoenic
time_code() {
reserved 7 bslbf
infinite_time_flag 1 bslbf
if (infinite_time_flag =="'0") {
reserved 4 bslbf
PTS [32..30] 3 bslbf
marker 1 bslbf
PTS [29..15] 15 bslbf
marker_bit 1 bslbf
PTS [14..0] 15 bslbf
marker_bit 1 bslbf
}
}
B.3.9 Semantics of fields in time code
infirfite_time_flag — This 1-bit flag when set to '1" indicates ‘ap- infinite time period. This flag is set to '1' in applications
whele a time period for a specific operation could not be défined in advance.
PTS|[32..0] — The presentation timestamp of the access unit of the bitstream. Depending upon the function, this can be
an alpsolute value or a relative time delay in cycles«of'the 90-kHz system clock.
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C1

Annex C

Program-specific information

(This annex does not form an integral part of this Recommendation | International Standard.)

Explanation of program-specific information in transport streams

Clause 2.4.4 contains the normative syntax, semantics and text concerning program-specific information. In all cases,
compliance with the constraints of 2.4.4 is required. This annex provides explanatory information on how to use the PSI
functions, and considers examples of how it may be used in practice.

C.2
This

Introduction

Recommendation | International Standard provides a method for describing the contents of transport stream pa

for the purpose of the demultiplexing and presentation of programs. The coding specification accommodates this fun
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gh the program-specific information (PSI). This annex discusses the use of PSI.

PSI may be thought of as belonging to six tables:
1) Program association table (PAT);
2) TS program map table (PMT);
3) Network information table (NIT);
4) Conditional access table (CAT).
5) Transport stream description table (TSDT); and
6) IPMP control information table.

contents of the PAT, PMT, CAT and TSDT are specified in thissRecommendation | International Standard. 1G
ed in ISO/IEC 13818-11 (MPEG-2 IPMP).

NIT is a private table, and the PID value of the transport stréam packets which carry it is specified in the PAT.
IT and ICIT must follow the structure defined in this Recommendation | International Standard.

Functional mechanism

ables listed above are conceptual in that they-need never be regenerated in a specified form within a decoder. \f
structures may be thought of as simple-tables, they may be partitioned before they are sent in transport st
bts. The syntax supports this operation/by allowing the tables to be partitioned into sections and by provid
ative mapping method into transport-stream packet payloads. A method is also provided to carry private data
ar format. This is advantageous-as'the same basic processing in the decoder can then be used for both the PSI
he private data helping to(keep cost down. For advice on the optimum placing of PSI in the transport stn
Annex D.

section is uniquely.identified by the combination of the following elements:
i) table_id
The,8-bit table_id identifies to which table the section belongs.
*/ Sections with table_id 0x00 belong to the Program Association Table.
e Sections with table_id 0x01 belong to the Conditional Access Table.
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«  Sections with table_id 0x02 belong to the TS Program Map Table.

250

«  Sections with table_id 0x03 belong to the TS_description_section.

»  Sections with table_id 0x04 belong to the ISO_IEC 14496 scene_description_section.
»  Sections with table_id 0x05 belong to the ISO_IEC 14496 object_descriptor_section.
»  Sections with table_id 0x06 belong to the metadata_section.

e Sections with table_id 0x07 belong to the IPMP_Control_Information_section.

Other values of the table_id can be allocated by the user for private purposes.

It is possible to set up filters looking at the table_id field to identify whether a new section belongs to a

table of interest or not.
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ii) table_id_extension

This 16-bit field exists in the long version of a section. In the Program Association Table it is used to
identify the transport_stream_id of the stream — effectively a user-defined label which allows one transport
stream to be distinguished from another within a network or across networks. In the conditional access
table this field currently has no meaning and is therefore marked as "reserved" meaning that it shall be
coded as OxFFFF, but that a meaning may be defined by ITU-T | ISO/IEC in a subsequent revision of this
Recommendation | International Standard. In a TS Program Map section the field contains the
program_number, and thereby identifies the program to which the data in the section refers. The
table_id_extension can also be used as a filter point in certain cases.

iii) section_number

The section_number field allows the sections of a particular table to be reassembled in their original order
Dy The decoder. There is no obligation within this Recommendation | International standard that Seqtions
must be transmitted in numerical order, but this is recommended, unless it is desired to transmit’$ome
sections of the table more frequently than others, e.g., due to random access considerations.

iv) version_number

When the characteristics of the transport stream described in the PSI change (e.g., extra-programs adided,
different composition of elementary streams for a given program), then new PSI data has to be sentfwith
the updated information as the most recently transmitted version of the sections marked as "current” must
always be valid. Decoders need to be able to identify whether the most recently received section is ideftical
with the section they have already processed/stored (in which case the section’can be discarded), or whether
it is different, and may therefore signify a configuration change. This israchieved by sending a section|with
the same table_id, table_id_extension, and section_number as the prévious section containing the rel¢vant
data, but with the next value version_number.

v) current_next_indicator

It is important to know at what point in the bitstream_thie PSI is valid. Each section can therefofe be
numbered as valid "now" (current), or as valid in the immediate future (next). This allows the transmigsion
of a future configuration in advance of the change¢giving the decoder the opportunity to prepare fdr the
change. There is however no obligation to transmit the next version of a section in advance, but if it is
transmitted, then it shall be the next correct version of that section.

C4 The mapping of sections into transport stream packets

Sections are mapped directly into transport stream>packets, that is to say, without a prior mapping into PES padkets.
Sections do not have to start at the beginning eftransport stream packets, (although they may), because the start df the
first pection in the payload of a transport streamrpacket is pointed to by the pointer_field. The presence of the pointer |field
is signalled by the payload_unit_start_indicator being set to a value of '1' in PSI packets. (In non-PSI packets, the indigator
signgls that a PES packet starts in the.transport stream packet.) The pointer_field points to the start of the first sectipn in
the transport stream packet. There(is)never more than one pointer_field in a transport stream packet, as the start of any
otherf section can be identified by counting the length of the first and any subsequent sections, since no gaps betyveen
sectipns within a transport stream packet are allowed by the syntax.

It is Jmportant to note that within transport stream packets of any single PID value, one section must be finished bgfore
the rlext one is allowedto be started, or else it is not possible to identify to which section header the data belongs} If a
sectipn finishes befare the end of a transport stream packet, but it is not convenient to open another section, a stuffing
mechanism is provided to fill up the space. Stuffing is performed by filling each remaining byte of the packet with the
valug¢ OxFF. Consequently the table_id value OxFF is forbidden, or else this would be confused with stuffing. Once a PxFF
byte|has oceurred at the end of a section, then the rest of the transport stream packet must be stuffed with OxFF Hytes,

allowing. a decoder to discard the rest of the transport stream packet. Stuffing can also be performed using the ngrmal
adapvafinn_ﬁnld mechanism

C5 Repetition rates and random access

In systems where random access is a consideration, it is recommended to re-transmit PSI sections several times, even
when changes do not occur in the configuration, as in the general case, a decoder needs the PSI data to identify the
contents of the transport stream, to be able to start decoding. This Recommendation | International Standard does not
place any requirements on the repetition or occurrence rate of PSI sections. Clearly though, repeating sections frequently
helps random access applications, whilst causing an increase in the amount of bitrate used by PSI data. If program
mappings are static or quasi-static, they may be stored in the decoder to allow faster access to the data than having to wait
for it to be re-transmitted. The trade-off between the amount of storage required and the desired impact on channel
acquisition time may be made by the decoder manufacturer.
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C.6 What is a program?

The concept of a program has a precise definition within this Recommendation | International Standard [refer to 2.1.125
program (system)]. For a transport stream the time base is defined by the PCR. This effectively creates a virtual channel
within the transport stream.

Note that this is not the same definition as is commonly used in broadcasting, where a "program” is a collection of
elementary streams not only with a common time base, but also with a common start and end time. A series of "broadcaster
programs” (referred to in this annex as events) can be transmitted sequentially in a transport stream using the same
program_number to create a "broadcasting conventional” TV-channel (sometimes called a service).

Event descriptions could be transmitted in private_sections().

A program is denoted by a program_number which has significance only within a transport stream. The program_number
is a 16-bit unsigned integer and thus permits 65535 unique programs to exist within a transport stream (program sumber
0 is feserved for identification of the NIT). Where several transport streams are available to the decoder (e.g,..in.a ¢able
rk), in order to successfully demultiplex a program, the decoder must be notified of both the transpaort stream_id
(to find the right multiplex) and the program_number of the service (to find the right program within the multiplex)

The fransport stream mapping may be accomplished via the optional network information table. Note-that the network
information table may be stored in decoder non-volatile memory to reduce channel acquisition time.In this case, it needs
to bq transmitted only often enough to support timely decoder initialization set-up operations"The contents of thel NIT
are private, but shall take at least the minimum section structure.

Cc7 Allocation of program_number

It m3dy not be convenient in all cases to group together all the program elementsawhich share a common clock refefence
as ornje program. It is conceivable to have a multi-service transport stream with*enly one set of PCRs, common to dll. In
general, though, a broadcaster may prefer to logically split up the transpart stream into several programs, wherg the
PCR| PID (location of the clock reference) is always the same. This methad 0f splitting the program elements into psqudo-
independent programs can have several uses. Two examples follow:

i)  multilingual transmissions into separate markets

One video stream may be accompanied by several audio streams in different languages. It is advisaljle to
include an example of the ISO_639_language descriptor associated with each audio stream to enable the
selection of the correct program and audio. It is reasonable to have several program definitions [with
different program_numbers, where all the programs reference the same video stream and PCR_PIQ, but
have different audio PIDs. It is, however, also reasonable and possible to list the video stream and a|l the
audio streams as one program; where this does not exceed the section size limit of 1024 bytes.

ii) Very large program definitions

There is a maximum limit on the length of a section of 1024 bytes (including section header and CRC| 32).
This means that no single program definition may exceed this length. For the great majority of cases, even
with each program element having several descriptors, this size is adequate. However, one may env|sage
cases in very ligh-bitrate systems, which could exceed this limit. It is then in general possible to idgntify
methods of splitting the references of the streams, so that they do not all have to be listed together. $ome
program elements could be referenced under more than one program, and some under only one or the gther,
but net-both.

C.38 Usage/of PSI in a typical system

A communications system, especially in broadcast applications, may consist of many individual transport streams. Each
one ¢fithe four PSI data structures may appear in each and every transport stream in a system. There must always|be a
comgﬁmme TS
program map table, containing complete program definitions for all programs within the transport stream. If any streams

are scrambled, then there must also be a conditional access table present listing the relevant Entitlement Management
Messages (EMM) streams. The presence of a NIT is fully optional.

The PSI tables are mapped into transport stream packets via the section structure described above. Each section has a
table_id field in its header, allowing sections from PSI tables and private data in private_sections to be mixed in transport
stream packets of the same PID value or even in the same transport stream packet. Note, however, that within packets of
the same PID, a complete section must be transmitted before the next section can be started. This is only possible for
packets labelled as containing TS Program Map Table section or NIT packets however, since private sections may not be
mapped into PAT or CAT packets.
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It is required that all PAT sections be mapped into transport stream packets with PID = 0x0000 and all CA sections be
mapped into packets with PID = 0x0001. PMT sections may be mapped into packets of user-selected PID value, listed as
the PMT_PID for each program in the Program Association Table. Likewise, the PID for the NIT-bearing transport stream
packets is user-selected, but must be pointed to by the entry "program_number = = 0x00" in the PAT, if the NIT exists.

The contents of any CA parameter streams are entirely private, but EMMs and ECMs must also be sent in transport stream

packets to be compliant with this Recommendation | International Standard.

Private data tables may be sent using the private_section() syntax. Such tables could be used for example in a broadcasting
environment to describe a service, an upcoming event, broadcast schedules and related information.

C.9

The relationships of PSI structures

Figu
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Figure C.1 — Program and network mapping relationships
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C.9.1  Program Association Table

Every transport stream must contain a complete valid Program Association Table. The Program Association Table gives
the correspondence between a program_number and the PID of the transport stream packets that carry the definition of
that program (the PMT_PID). The PAT may be partitioned into up to 255 sections before it is mapped into transport
stream packets. Each section carries a part of the overall PAT. This partitioning may be desirable to minimize data loss
in error conditions. That is, packet loss or bit errors may be localized to smaller sections of the PAT, thus allowing other
sections to still be received and correctly decoded. If all PAT information is put into one section, an error causing a
changed bit in the table_id, for example, would cause the loss of the entire PAT. However, this is still permitted as long
as the section does not extend beyond the 1024-byte maximum length limit.

Program O (zero) is reserved and is used to specify the Network PID. This is a pointer to the transport stream packets
which carry the network information table.

The program association table is always transmitted without encryption.

C.9.2  Program map table

The program map table (MPT) provides the mapping between a program number and the program elements that comprise
it. This table is present in transport stream packets having one or more privately-selected PID values: These trangport
streajn packets may contain other private structures as defined by the table_id field. It is possible to.lave TS PMT segtions
referfing to different programs carried in transport stream packets having a common PID value.

This|Recommendation | International Standard requires a minimum of program identification: program number, [PCR
PID,|stream types and program elements P1Ds. Additional information for either programs or elementary streams may be
conveyed by use of the descriptor() construct. Refer to C.9.6.

Private data may also be sent in transport stream packets denoted as carrying-T'S program map table sections. This is
accomplished by the use of the private_section(). In a private_section() the dpplication decides whether version_number
and qurrent_next_indicator represent the values of these fields for a single‘section or whether they are applicable to fany
sectipns as parts of a larger private table.

NOTE 1 — Transport stream packets containing the Program Map Tahle ‘are transmitted unencrypted.
NOTE 2 — It is possible to transmit information on events in private descriptors carried within the TS_program_map_sectior]()s.

c.o. Conditional access table

The fonditional access table (CAT) gives the association” between one or more conditional access (CA) systems, [their
EMM streams and any special parameters associateghwith them.

NOTE — The (private) contents of the transport stream packets containing EMM and CA parameters if present will, in genergl, be
ncrypted (scrambled).

D

C94 Network information table

The gontents of the network information table (NIT) are private and not specified by this Recommendation | International
Stanglard. In general, it will contain'mappings of user-selected services with transport_stream_ids, channel frequerjcies,
satel]ite transponder numbers; medulation characteristics, etc.

C95 Private_section()

Private_sections() canoccur in two basic forms, the short version (where only the fields up to and including section_lgngth
are ipcluded) or the-tong version (where all the fields up to and including last_section_number are present, and aftgr the
privgte data bytes the CRC_32 field is present).

Private_section()s can occur in PIDs which are labelled as PMT_PIDs or in transport stream packets with other PID vplues
whidh@oentain exclusively private_sections(), including the PID allocated to the NIT. If the transport stream packats of
the P :D wal I_y;l Y thc M ;vatc_acut;w I()o arc ;dCI |t|f|cd ds a P:D vdal Iyil Y M ;VGtC_OCbt;UI 19 (Dtl Calll_ty MT GDD;UI TIct It a|Ue
0x05), then only private_sections may occur in transport stream packets of that PID value. The sections may be either of
the short or long type.

C.9.6  Descriptors

There are several normative descriptors defined in this Recommendation | International Standard. Many more private
descriptors may also be defined. All descriptors have a common format: {tag, length, data}. Any privately defined
descriptors must adhere to this format. The data portion of these private descriptors are privately defined.

One descriptor (the CA_descriptor()), is used to indicate the location (PID value of transport packets) of ECM data
associated with program elements when it is found in a TS PMT section. When found in a CA section it refers to EMMs.
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In order to extend the number of private_descriptors available, the following mechanism could be used: A private
descriptor_tag could be privately defined to be constructed as a composite descriptor. This entails privately defining a
further sub_descriptor as the first field of the private data bytes of the private descriptor. The described structure is as
indicated in Tables C.1 and C.2.

Table C.1 — Composite_descriptor

Syntax No. of bits | Mnemonic
Composite_descriptor(){
descriptor_tag(privately defined) 8 uimsbf
descriptor_length 8 uimsbf

for (i=0;i<N;i++){
sub_descriptor()

Table C.2 — Sub-descriptor

Syntax No. of bits. 4¢/Mnemonic
sub_descriptor() {
sub_descriptor_tag 8 uimsbf
sub_descriptor_length 8 uimsbf
for (i=0;i<N;i++){
private_data_byte 8 uimsbf
}
}

C.1( Bandwidth utilization and signal acquisitioh time

Any [implementation of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 hitstream must make reasonable bandwidth derands
for ASI information and, in applications where randem access is a consideration, should promote fast signal acquisition.
This|subclause analyses this issue and gives some-broadcast application examples.

The packet-based nature of the transport stream allows for the interspersing of PSI information with fine granularity in
the multiplexed data. This provides significant flexibility in the construction and transmission of PSI.

Signpl acquisition time in a real decoder is dependent on many factors, including: FDM tuning slew time, demultiplgxing
time] sequence headers, I-frame ‘acturrence rate and scrambling key retrieval and processing.

This|subclause examines both the bitrate and signal acquisition time impacts of the PSI syntax in 2.4.4.4 and 2.4.4.9} It is
assumed that the conditiopal access table does not need to be received dynamically at every program change. [This
assuption is also made of the private EMM streams. This is because these streams do not contain the quickly-vafying
ECM components_tsed for program element scrambling (encryption).

Also} in the diseussion below, the time to acquire and process ECMs has been neglected.

Tables C¢3'and C.4 provide bandwidth usage values for a range of transport stream conditions. One axis of the talle is
the qumber of programs contained in a single transport stream. The other axis is the frequency with which thgq PSI
informatromistransmitted-mthetransportstream:
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Table C.3 — Program association table bandwidth usage (bit/s)
Number of programs per transport stream

1 5 10 32 128
1 1504 1504 1504 1504 4512
Frequency of PA table 10 15040 15040 15040 15040 45120
Information 25 37600 37600 37600 37600 112800
(s 50 75200 75200 75200 75200 225600
100 150400 150400 150400 150400 451200
NOTE - Since 46 program_association_sections fit into one transport packet, the numbers in the table do not change until the
last column.
Table C.4 — Program map table bandwidth usage (bit/s)
Number of programs per transport stream
1 5 10 32 128
1 1504 1504 3008 7520 28574
Frequency of PM table 10 15040 15040 30080 5200 28576p
Infdrmation 25 37600 37600 75200 2 C) 188000 714400
(st 50 75200 75200 150400 376000 1428800
100 150400 150400 300800 601600 2857670
This|frequency will be a key determinant of the component of signal acquisitioptime due to PSI structures.
Both{ bandwidth usage tables assume that only the minimum program mapping information is provided. This meang that
the HID values and stream types are provided with no additional descrigtors. All programs in the example are composed
of two elementary streams. Program associations are 2 bytes long, while the minimal program map is 26 bytes long. There
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PSI hitrate usage in sections of moderate to maximum length (a few hundred bytes to 1024 bytes) and will thus be ig
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TS_program_map_section per PMT_PID. This'may cause an undesirable increase in PSI bitrate usage, however.
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itional overhead associated with version numbers, section lengths, etc. This will be on the order of 1-3% of the|

hbove assumptions allow forty-six (46) program associations to map into one Program Association Table tran
In packet (if no adaptation field is present). Similarly, seven (7) TS_program_map_sections fit into a single tran
I packet. It may be noted that to facilitate easy "drop/add" it is possible to transmit only ong

§ a frequency of 25 Hz for the two RSk Tables, yields a worst-case contribution to the signal acquisition tin
bximately 80 ms. This would only,oc¢cur when the required PAT data was "just missed” and then, once the PAT,

lisadvantage of the extra levelof indirection introduced by the PAT structure. This effect could be reducs
Hinated transmission of related PAT and PMT packets. Presumably, the advantage that this approach offen
p/add™ re-multiplexing-eperations is compensatory.

the 25-Hz PSI fréquency, the following examples may be constructed (all examples leave ample allowanc
us datalink, FEE)CA and routing overheads):
Hz CATV/channel
o\ five 5.2-Mbit/s programs:
" total PSI bandwidth:

26.5 Mbit/s (includes transport overhead)
5.2 kbit/s

total
ored

Sport
sport

)

e of
was

red and decoded, the required PMIT data was also "just missed". This doubling of the worst case acquisition time is

d by
5 for

b for

* CAbardwittiT 500kbitfs

total Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport bandwidth: 27.1 Mbit/s
*  PSI Overhead: 0.28%

OC-3 fibre channel (155 Mbit/s)

256

* 32 3.9-Mbit/s programs:
+ total PSI bandwidth: 225.6 kbit/s
+  CA bandwidth: 500 kbit/s

total Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport bandwidth: 128.2 Mbit/s
»  PSI Overhead: 0.18%

127.5 Mbit/s (includes transport overhead)
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C-band satellite transponder
» 128 256-kbit/s audio programs:  33.5 Mbit/s (includes transport overhead)
+ total PSI bandwidth: 826.4 kbit/s
+  CA bandwidth: 500 kbit/s
total Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport bandwidth: 34.7 Mbit/s
»  PSI overhead: 2.4% (actually would be lower if only one PID used per program)
As expected, the percent overhead increases for lower-rate services since many more services are possible per transport

stream. However, the overhead is not excessive in all cases. Higher transmission rates (than 25 Hz) for the PSI data may
be used to decrease the impact on channel acquisition time with only modest bitrate demand increases.
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Annex D

Systems timing model and application implications
of this Recommendation | International Standard

(This annex does not form an integral part of this Recommendation | International Standard.)

D.1 Introduction

The Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Systems specification includes a specific timing model for the sampling,
encoding, encoder buffering, transmission, reception, decoder buffering, decoding, and presentation of digital audio and
video_in combination. This model is embodied directly in the specification of the syntax and semantic requirements of
compliant Rec. ITU-T H.222.0 | ISO/IEC 13818-1 data streams. Given that a decoding system receives a compliaft bit
stream that is delivered correctly in accordance with the timing model it is straightforward to implement the decoder|such
that fit produces as output high quality audio and video which are properly synchronized. There is mQ“Aormptive
requirement, however, that decoders be implemented in such a way as to provide such high quality presentation oytput.
In agplications where the data are not delivered to the decoder with correct timing, it may be possibl€ to producg the
desined presentation output; however, such capabilities are not in general guaranteed. This informative annex describes
the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Systems timing model in detail, and gives some suggéstions for implemepting
decofler systems to suit some typical applications.

D.1.1  Timing model

Rec.|ITU-T H.222.0 | ISO/IEC 13818-1 Systems embodies a timing model in which"all digitized pictures and gudio
samples that enter the encoder are presented exactly once each, after a constant end to end delay, at the output gf the
decofder. As such, the sample rates, i.e., the video frame rate and the audio sample rate, are precisely the same gt the
decofler as they are at the encoder. This timing model is diagrammed in Figute D.1:

ideo i Video|out
lM>|Encoder|—| Buffer l— —| Buffer |—|Decoder|——>

System System

coder Storage decoder

and or transmission and
Adkdio in multiplex multiplex Audiolout
— Encoder|—| Buffer l— —| Buffer |—|Decoder|——>
—— e e/ ——
Variable delay Constant delay Variable delay

Constaﬁt delay H.222.0(12)_FD.1

Figure D.1 — Constant delay model

As indicated in Figure D.Xythe delay from the input to the encoder to the output or presentation from the decoder is
consfant in this modelL).“while the delay through each of the encoder and decoder buffers is variable. Not only is the glelay
throygh each of these buffers variable within the path of one elementary stream, but the individual buffer delays in the
videp and audio paths differ as well. Therefore, the relative location of coded bits representing audio or video ifi the
combined stream does not indicate synchronization information. The relative location of coded audio and vidgo is
consfrained_only by the System Target Decoder (STD) model such that the decoder buffers must behave progerly;
therdfore‘coded audio and video that represent sound and pictures that are to be presented simultaneously may be sepafated
in timé-within the coded bit stream by as much as one second, which is the maximum decoder buffer delay that is allpwed
in the STD model.

The audio and video sample rates at the encoder are significantly different from one another, and may or may not have
an exact and fixed relationship to one another, depending on whether the combined stream is a program stream or a
transport stream, and on whether the System_audio_locked and System_video_locked flags are set in the program stream.
The duration of a block of audio samples (an audio presentation unit) is generally not the same as the duration of a video
picture.

1) Constant delay as indicated for the entire system is required for correct synchronization, however some deviations are possible.
Network delay is discussed as being constant. Slight deviations may be tolerated, and network adaptation may allow greater
variations of network delay. Both of these are discussed later.
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There is a single, common system clock in the encoder, and this clock is used to create timestamps that indicate the correct
presentation and decoding timing of audio and video, as well as to create timestamps that indicate the instantaneous values
of the system clock itself at sampled intervals. The timestamps that indicate the presentation time of audio and video are
called Presentation Time Stamps (PTS). Those that indicate the decoding time are called Decoding Timestamps (DTS),
and those that indicate the value of the system clock are called the System Clock Reference (SCR) in program streams
and the Program Clock Reference (PCR) in transport streams. It is the presence of this common system clock in the
encoder, the timestamps that are created from it, and the recreation of the clock in the decoder and the correct use of the
timestamps that provide the facility to synchronize properly the operation of the decoder.

Encoder implementations may not follow this model exactly; however, the data stream which results from the actual
encoder, storage system, network, and one or more multiplexor must follow the model precisely. (Delivery of the data
may deviate somewhat, depending on the application). Therefore in this annex, the term "encoder system clock" is used
to mean_either the actual commaon em clock as described in this model or the equivalen nction, however it may be
implpmented.

Sincg the end-to-end delay through the entire system is constant, the audio and video presentations are predisely
synchronized. The construction of System bit streams is constrained such that when they are decoded by, a décoder that
follows this model with the appropriately sized decoder buffers, those buffers are guaranteed never_to overflow nor
underflow, with specific exceptions allowing intentional underflow.

In orfer for the decoder system to incur the precise amount of delay that causes the entire end-to~end delay to be congtant,
it is hecessary for the decoder to have a system clock whose frequency of operation and absolute instantaneous yalue
match those of the encoder. The information necessary to convey the encoder's system.€lock is encoded in the SR or
PCRJ this function is explained below.

Decqders which are implemented in accordance with this timing model such that\they present audio samples and Yideo
pictyres exactly once (with specific intentionally coded exceptions), at a constant rate, and such that decoder byffers
behalve as in the model, are referred to in this annex as precisely timed dec0ders, or those that produce precisely tjmed
outppit. Decoder implementations are not required by this International Standard to present audio and video in accordance
with|this model; it is possible to construct decoders that do not have constant delay, or equivalently do not present|each
picture or audio sample exactly once. In such implementations, however, the synchronization between presented gudio
and yideo may not be precise, and the behaviour of the decoder huffers may not follow the reference decoder modelf It is
impdrtant to avoid overflow at the decoder buffers, as overflowcauses a loss of data that may have significant effegts on
the rpsulting decoding process. This annex covers primarily\the operation of such precisely timed decoders and sorpe of
the gptions that are available in implementing these decaders.

D.1.2 Audio and video presentation synchraonization

Within the coding of this Recommendation ¢ International Standard Systems data are timestamps concerning the
presgntation and decoding of video picturegand blocks of audio samples. The pictures and blocks are called "Presentation
Unit$", abbreviated PU. The sets of coded bits which represent the PUs and which are included within the Rec. ITU-T
H.222.0 | ISO/IEC 13818-1 bit stream\are called "Access Units", abbreviated AU. An audio access unit is abbrevjiated
AAU, and a video access unit is_abbreviated VAU. In ISO/IEC 13818-3 audio the term "audio frame" has the fame
meaiing as AAU or APU (audio présentation unit) depending on the context. A video presentation unit (VPU) is a pigture,
and 3 VAU is a coded picture,

Someg, but not necessarify-all, AAUs and VAUSs have associated with them PTSs. A PTS indicates the time that the PU
which results from decaoding the AU which is associated with the PTS should be presented to the user. The audio PTSs
and yideo PTSs aredooth samples from a common time clock, which is referred to as the System Time Clock or FTC.
With the correetvalues of audio and video PTSs included in the data stream, and with the presentation of the audig and
vide@ PUs oecurring at the time indicated by the appropriate PTSs in terms of the common STC, precise synchronizption
of the presented audio and video is achieved at the decoding system. While the STC is not part of the normative coptent
of thiscRecommendation | International Standard, and the equivalent information is conveyed in this Recommendafion |
Interhational-Stanrdardwa-such-terms-as-the-system—ele equeney—the-STC-is-an-impertantand-convenientelement
for explaining the timing model, and it is generally practical to implement encoders and decoders which include an STC
in some form.

PTSs are required for the conveyance of accurate relative timing between audio and video, since the audio and video PUs
generally have significantly different and essentially unrelated duration. For example, audio PUs of 1152 samples each
at a sample rate of 44 100 samples per second have a duration of approximately 26.12 ms, and video PUs at a frame rate
of 29.97 Hz have a duration of approximately 33.76 ms. In general the temporal boundaries of APUs and VPUs rarely, if
ever, coincide. Separate PTSs for audio and video provide the information that indicates the precise temporal relation of
audio and video PUs without requiring any specific relationship between the duration and interval of audio and video
PUs.
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The values of the PTS fields are defined in terms of the System Target Decoder or STD, which is a fundamental normative
constraint on all System bit streams. The STD is a mathematical model of an idealized decoder which specifies precisely
the movement of all bits into and out of the decoder’s buffers, and the basic semantic constraint imposed on the bit stream
is that the buffers within the STD must never overflow nor underflow, with specific exceptions provided for underflow
in special cases. In the STD model the virtual decoder is always exactly synchronized with the data source, and audio and
video decoding and presentation are exactly synchronized. While exact and consistent, the STD is somewhat simplified
with respect to physical implementations of decoders in order to clarify its specification and to facilitate its broad
application to a variety of decoder implementations. In particular, in the STD model each of the operations performed on
the bit stream in the decoder is performed instantaneously, with the obvious exception of the time that bits spend in the
decoder buffers. In a real decoder system the individual audio and video decoders do not perform instantaneously, and
their delays must be taken into account in the design of the implementation. For example, if video pictures are decoded
in exactly one picture presentatlon interval 1/P Where P is the frame rate, and compressed video data are arrlvmg at the
decoferath ae R, ecomptetiomof removing bitsassociatedwi Ed picture s detayedfro S C ed in
the HTS and DTS flelds by 1/P, and the video decoder buffer must be larger than that specified in the STD model b R/P.
The Yyideo presentation is likewise delayed with respect to the STD, and the PTS should be handled accordingly. $ince
the Video is delayed, the audio decoding and presentation should be delayed by a similar amount in ordef/to prgvide
corrdct synchronization. Delaying decoding and presentation of audio and video in a decoder may be, implementef for
exanpple by adding a constant to the PTS values when they are used within the decoder.

Another difference between the STD and precise practical decoder implementation is that in the' STD model the explicit
assumption is made that the final audio and video output is presented to the user instantaneously and without further
delay. This may not be the case in practice, particularly with cathode-ray tube displays, andthis additional delay should
also [be taken into account in the design. Encoders are required to encode audio-and”video such that the cqrrect
syncpronization is achieved when the data is decoded with the STD. Delays in the input-and sampling of audio and vjideo,
suchlas video camera optical charge integration, must be taken into account in the ‘encoder.

In the STD model proper synchronization is assumed and the timestamps.and-buffer behaviour are tested agains this
assumption as a condition of bit stream validity. Of course, in a physical decoder precise synchronization i$ not
automatically the case, particularly upon start-up and in the presence ofdiming jitter. Precise decoder timing is a gqal to
be targeted by decoder designs. Inaccuracy in decoder timing affects:the behaviour of the decoder buffers. These tppics
are cpvered in more detail in later subclauses of this annex.

The BTD includes Decoding Time Stamps (DTS) as well as*PTS fields. The DTS refers to the time that an AU is {o be
extrdcted from the decoder buffer and decoded in the STD.model. Since the audio and video elementary stream decgders
are ipstantaneous in the STD, the decoding time and presentation time are identical in most cases; the only exception
occufs with video pictures which have undergone re-ordering within the coded bit stream, i.e., I- and P-pictures ih the
case [of non-low-delay video sequences. In cases where re-ordering exists, a temporary delay buffer in the video de¢oder
is uspd to store the appropriate decoded I- or. R=picture until it should be presented. In all cases where the decoding and
presgntation times are identical in the STD(7i.e.; all AAUs, B-picture VAUS, and |- and P-picture VAUs within low-glelay
vide sequences, the DTS is not coded, as it would have the same value as the PTS. Where the values differ, both are
codefl if either is coded. For all AUs where only the PTS is coded, this field may be interpreted as being both the PT$ and
the DTS.

Sincg PTS and DTS values aremnotrequired for every AAU and VAU, the decoder may choose to interpolate values which
are rfot coded. PTS values are required with intervals not exceeding 700 ms in each elementary audio and video stream.
Thege time intervals aredméasured in presentation time, that is, in the same context as the values of the fields, not in erms
of the times that the fields are transmitted and received. In cases of data streams where the system, video and audio c|ocks
are Ipcked, as defined-in the normative part of this Recommendation | International Standard, each AU following orfe for
which a DTS orRTS is explicitly coded has an effective decoding time of the sum of that for the previous AU plus a fixed
and $pecified-difference in value of the STC. For example, in video coded at 29.97 Hz each picture has a differenge in
time|of 3003-¢ycles of the 90-kHz portion of the STC from the previous picture when the video and system clockis are
locked: The same time relationship exists for decoding successive AUs, aIthough re- ordering delay in the decoder affects
the relationship-between-decoderAbsandpresented-PUs—Whenr-the-data-Stream Oeee-SHER-thA he-wiges-eraudio
clock is not locked to the system clock the time difference between decodlng successive AUs may be estimated using the
same values as indicated above; however, these time differences are not exact due to the fact that relationships between
the frame rate, audio sample rate, and system clock frequency were not exact at the encoder.

Note that the PTS and DTS fields do not, by themselves, indicate the correct fullness of the decoder buffers at start up
nor at any other time, and equivalently, they do not indicate the amount of time delay that should elapse upon receiving
the initial bits of a data stream before decoding should start. This information is retrieved by combining the functions of
the PTS and DTS fields and correct clock recovery, which is covered below. In the STD model, and therefore in decoders
which are modelled after it, the decoder buffer behaviour is determined completely by the SCR (or PCR) values, the times
that they are received, and the PTS and DTS values, assuming that data is delivered in accordance with the timing model.
This information specifies the time that coded data spends in the decoder buffers. The amount of data that is in the coded
data buffers is not explicitly specified, and this information is not necessary, since the timing is fully specified. Note also
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	2.1.95 metadata access unit: A global structure within metadata that defines the fraction of metadata that is intended to be decoded at a specific instant in time. The internal structure of a metadata Access Unit is defined by the format of the metada...
	2.1.96 metadata application format: Identifies the format of the application that uses the metadata; signals application specific information for transport of metadata.
	2.1.97 metadata decoder configuration information: Data needed by a receiver to decode a specific metadata service. Depending on the format of the metadata, decoder configuration information may or may not be needed.
	2.1.98 metadata format: Identifies the coding format of metadata.
	2.1.99 metadata service: A coherent set of metadata of the same format delivered to a receiver for a specific purpose.
	2.1.100 metadata service id: Identifier of a specific metadata service; used for some transport methods of the metadata.
	2.1.101 metadata stream: The concatenation or collection of metadata Access Units from one or more metadata services.
	2.1.102 (multiplexed) stream (system): A bit stream composed of 0 or more elementary streams combined in a manner that conforms to this Recommendation | International Standard.
	2.1.103 MVC base view sub-bitstream: The MVC base view sub-bitstream is defined to contain the AVC video sub-bitstream of MVC conforming to one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 and one additional MVC video sub...
	2.1.104 MVC operation point: An MVC operation point is identified by a temporal_id value representing a target temporal level and a set of view_id values representing the target output views. One MVC operation point is associated with an AVC video str...
	2.1.105 MVC slice (system): A byte_stream_nal_unit with nal_unit_type syntax element equal to 20 of an AVC video stream which conforms to one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10.
	2.1.106 MVC video sub-bitstream: The MVC video sub-bitstream is defined to be all VCL NAL units with nal_unit_type equal to 20 associated with the same multiview video coding (MVC) view_id subset of an advanced video coding (AVC) video stream and asso...
	2.1.107 MVC view_id subset: A set of one or more view_id values, as defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 in the NAL unit header syntax element, associated with one set of consecutive view order index values.
	2.1.108  MVCD base view sub-bitstream: The MVCD base view sub-bitstream is defined to contain the AVC video sub-bitstream of MVCD conforming to one or more profiles defined in Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10 and one additional MVCD vide...
	2.1.109 MVCD slice (system): A byte_stream_nal_unit with nal_unit_type syntax element equal to 21 of an AVC video stream which conforms to one or more profiles defined in Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10.
	2.1.110 MVCD video sub-bitstream: The MVCD video sub-bitstream is defined to be all VCL NAL units with nal_unit_type equal to 21 associated with the same MVCD view_id subset of an AVC video stream and associated non-VCL NAL units which conform to one ...
	2.1.111 MVC view-component subset: The VCL NAL units of an AVC access unit associated with the same MVC view_id subset and associated non-VCL NAL units.
	2.1.112 MVCD view-component subset: The VCL NAL units of an AVC access unit associated with the same MVCD view_id subset and associated non-VCL NAL units.
	2.1.113 MVCD view_id subset: A set of one or more view_id values, as defined in Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10 in the NAL unit header syntax element, associated with one set of consecutive view order index values.
	2.1.114 pack (system): A pack consists of a pack header followed by zero or more packets. It is a layer in the system coding syntax described in 2.5.3.3.
	2.1.115 packet data (system): Contiguous bytes of data from an elementary stream present in a packet.
	2.1.116 packet identifier (PID) (system): A unique integer value used to identify elementary streams of a program in a single or multi-program transport stream as described in 2.4.3.
	2.1.117 padding (audio): A method to adjust the average length of an audio frame in time to the duration of the corresponding PCM samples, by conditionally adding a slot to the audio frame.
	2.1.118 payload: Payload refers to the bytes which follow the header bytes in a packet. For example, the payload of some transport stream packets includes a PES_packet_header and its PES_packet_data_bytes, or pointer_field and PSI sections, or private...
	2.1.119 PES (system): An abbreviation for a Packetized Elementary Stream.
	2.1.120 PES packet (system): The data structure used to carry elementary stream data. A PES packet consists of a PES packet header followed by a number of contiguous bytes from an elementary data stream. It is a layer in the system coding syntax descr...
	2.1.121 PES packet header (system): The leading fields in a PES packet up to and not including the PES_packet_data_byte fields, where the stream is not a padding stream. In the case of a padding stream the PES packet header is similarly defined as the...
	2.1.122 packetized elementary stream (PES) (system): A PES system consists of PES packets, all of whose payloads consist of data from a single elementary stream, and all of which have the same stream_id. Specific semantic constraints apply. Refer to I...
	2.1.123 presentation time-stamp (PTS) (system): A field that may be present in a PES packet header that indicates the time that a presentation unit is presented in the system target decoder.
	2.1.124 presentation unit (PU) (system): A decoded audio access unit or a decoded picture.
	2.1.125 program (system): A program is a collection of program elements. Program elements may be elementary streams. Program elements need not have any defined time base; those that do, have a common time base and are intended for synchronized present...
	2.1.126 program clock reference (PCR) (system): A time stamp in the transport stream from which decoder timing is derived.
	2.1.127 program element (system): A generic term for one of the elementary streams or other data streams that may be included in a program.
	2.1.128 program-specific information (PSI) (system): PSI consists of normative data which is necessary for the demultiplexing of transport streams and the successful regeneration of programs and is described in 2.4.4.1. An example of privately defined...
	2.1.129 quality access unit: An access unit that contains dynamic quality metadata as defined in ISO/IEC 23001-10.
	2.1.130 random access: The process of beginning to read and decode the coded bit stream at an arbitrary point.
	2.1.131 reserved: The term "reserved", when used in the clauses defining the coded bit stream, indicates that the value may be used in the future for ISO defined extensions. Unless otherwise specified within this Recommendation | International Standar...
	2.1.132  sample variant: An assembled media sample replacing an original sample as defined in ISO/IEC 23001-12:2018.
	2.1.133 scrambling (system): The alteration of the characteristics of a video, audio or coded data stream in order to prevent unauthorized reception of the information in a clear form. This alteration is a specified process under the control of a cond...
	2.1.134 service-compatible: This is defined as 'simulcast' of two stereoscopic views which do not include scalable or temporal coding. The two views are independently compressed using MPEG-2 video or AVC or both and can be decoded independently.
	2.1.135 source stream: A single non-multiplexed stream of samples before compression coding.
	2.1.136 splicing (system): The concatenation, performed on the system level, of two different elementary streams. The resulting system stream conforms totally to this Recommendation | International Standard. The splice may result in discontinuities in...
	2.1.137 start codes (system): 32-bit codes embedded in the coded bit stream. They are used for several purposes including identifying some of the layers in the coding syntax. Start codes consist of a 24-bit prefix (0x000001) and an 8-bit stream_id as ...
	2.1.138 STD input buffer (system): A first-in first-out buffer at the input of a system target decoder for storage of compressed data from elementary streams before decoding.
	2.1.139 still picture: A still picture consists of a video sequence, coded as defined in Rec. ITU-T H.262 | ISO/IEC 13818-2, ISO/IEC 11172-2 or ISO/IEC 14496-2, that contains exactly one coded picture which is intra-coded. This picture has an associat...
	2.1.140 SVC dependency representation: The VCL NAL units of an AVC access unit associated with the same value of dependency_id which is provided as part of the NAL unit header or the associated prefix NAL unit header, and the associated non-VCL NAL un...
	2.1.141 SVC slice (system): A byte_stream_nal_unit as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10 with nal_unit_type equal to 20 of an AVC video stream which conforms to one or more profiles defined in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10.
	2.1.142 SVC video sub-bitstream: The video sub-bitstream that contains VCL NAL units with nal_unit_type equal to 20 with the same NAL unit header syntax element dependency_id not equal to 0.
	2.1.143 system header (system): The system header is a data structure defined in 2.5.3.5 that carries information summarizing the system characteristics of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program stream.
	2.1.144 system clock reference (SCR) (system): A time stamp in the program stream from which decoder timing is derived.
	2.1.145 system target decoder (STD) (system): A hypothetical reference model of a decoding process used to define the semantics of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 multiplexed bit stream.
	2.1.146 time-stamp (system): A term that indicates the time of a specific action such as the arrival of a byte or the presentation of a Presentation Unit.
	2.1.147 transport stream packet header (system): The leading fields in a transport stream packet, up to and including the continuity_counter field.
	2.1.148 variable bitrate: An attribute of transport streams or program streams wherein the rate of arrival of bytes at the input to a decoder varies with time.
	2.1.149 video sub-bitstream: A video sub-bitstream is defined to be all VCL NAL units associated with the same value of dependency_id of an AVC video stream which conforms to one or more profiles defined in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-...
	2.1.150 view order index: An index that indicates the decoding order of MVC view components in an AVC access unit as defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 or MVCD view components in an AVC access unit as defined in Annex I of Rec. ...
	2.1.151  VVC video stream: A byte stream as specified in Rec. ITU-T H.266 | ISO/IEC 23090-3 Annex B.
	2.1.152  VVC access unit: An access unit as defined in Rec. ITU-T H.266 | ISO/IEC 23090-3 with the constraints specified in 2.23.1.
	2.1.153  VVC 24-hour picture (system): A VVC access unit with a presentation time that is more than 24 hours in the future. For the purpose of this definition, VVC access unit n has a presentation time that is more than 24 hours in the future if the d...
	2.1.154  VVC slice: A slice as specified in Rec. ITU-T H.266 | ISO/IEC 23090-3.
	2.1.155  VVC subpicture: A subpicture as specified in Rec. ITU-T H.266 | ISO/IEC 23090-3.
	2.1.156  VVC tile of slices: One or more consecutive VVC slices which form the coded representation of a tile as defined in Rec. ITU-T H.266 | ISO/IEC 23090-3.
	2.1.157  VVC still picture (system): A VVC still picture consists of a VVC access unit containing an IDR picture preceded by VPS, SPS and PPS NAL units, as defined in Rec. ITU-T H.266 | ISO/IEC 23090-3, that carry sufficient information to correctly d...
	2.1.158  VVC video sequence (system): coded video sequence as defined in Rec. ITU-T H.266 | ISO/IEC 23090-3.
	2.1.159  VVC video sub-bitstream: A subset of the NAL units of a VVC video stream in their original order.
	2.1.160  VVC temporal video sub-bitstream: A VVC video sub-bitstream that contains all VCL NAL units and associated non-VCL NAL units of the temporal sublayer, as specified in Rec. ITU-T H.266 | ISO/IEC 23090-3, associated to TemporalId equal to 0 and...
	2.1.161  VVC temporal video subset: A VVC video sub-bitstream that contains all VCL NAL units and the associated non-VCL NAL units of one or more temporal sublayers, as specified in Rec. ITU-T H.266 | ISO/IEC 23090-3, with each temporal sublayer not b...
	2.1.162  VVC highest temporal sublayer representation: The sublayer representation of the temporal sublayer with the highest value of TemporalId, as defined in Rec. ITU-T H.266 | ISO/IEC 23090-3, in the associated VVC temporal video sub-bitstream or V...
	2.1.163  VVC complete temporal representation: A sublayer representation as defined in Rec. ITU-T H.266 | ISO/IEC 23090-3 that contains all temporal sublayers up to the temporal sublayer with TemporalId equal to sps_max_sublayers_minus1 as included in...
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