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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnic

al

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 technic

committees established hy the rncppr‘ﬁvp nrg:lni7ah'nn to.dealwith parﬁrn]ar fields of technical activi

al

,-

ISO and IEC technical committees collaborate in fields of mutual interest. Other internation
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take partinvthe
work.

The procedures used to develop this document and those intended for its further maintenance at
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for th
different types of ISO/IEC documents should be noted. This document was drafted. in accordance wit
the editorial rules of the ISO/IEC Directives, Part2 (see wwwiisoe.org/directives
www.iec.ch/members_experts/refdocs).

IEEE Standards documents are developed within the IEEE Societies and\the Standards Coordinatinjg
Committees of the IEEE Standards Association (IEEE-SA) Standands-Board. The IEEE develops it
standards through a consensus development process, approved by, the American National Standards
Institute, which brings together volunteers representing varied viewpoints and interests to achieve th

final product. Volunteers are not necessarily members of the Institute and serve without compensatio

While the IEEE administers the process and establishes rules to promote fairness in the consenst
development process, the IEEE does not independently evaluate, test, or verify the accuracy of any of th

information contained in its standards.

Attention is drawn to the possibility that some df)the elements of this document may be the subject

patent rights. SO and IEC shall not be held respénsible for identifying any or all such patent rights. Detai|s

of any patent rights identified during the dévelopment of the document will be in the Introduction and/

on the ISO list of patent declarations received (see www.iso.org/patents) or the IEC list of patemt

declarations received (see https://paterits.iec.ch).

Any trade name used in this dogument is information given for the convenience of users and does n¢t

constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and

expressions related te conformity assessment, as well as information about ISO's adherence to the Wor

Trade Organizatign (WTO) principles in the Technical Barriers to Trade (TBT]),

see www.iso.org/iso/foreword.html. In the IEC, see www.iec.ch/understanding-standards.

ISO/IEC/IEEE 8802-3:2021/Amd 11 was prepared by the LAN/MAN of the IEEE Computer Socie

“fastctrack procedure” defined in the Partner Standards Development Organization cooperatid
agreement between ISO and IEEE, by Joint Technical Committee ISO/IEC JTC 1, Informatig
technology, Subcommittee SC 6, Telecommunications and information exchange between systems.

y
(as IEEE 802.3cu™-2021) and drafted in accordance with its editorial rules. It was adopted, under the
n
n
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r

wwrakbait
WO STTCS:

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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Important Notices and Disclaimers Concerning IEEE Standards
Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (hitps://standards.jeee.org/ipr/disclaimers.html)

appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning
IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE developsgyits: standards
through an accredited consensus development process, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. IEEE Standards are documents” developed by
volunteers with scientific, academic, and industry-based expertise in technical working ‘groups. Volunteers
are not necessarily members of IEEE or IEEE SA, and participate without comperisation from IEEE. While
IEEE administers the process and establishes rules to promote fairness in (the’consensus development
process, IEEE does not independently evaluate, test, or verify the accuracy ©f any of the information or the
soundness of any judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all
warranties, express or implied, concerning this standard, including but not limited to the warranties of
merchantability, fitness for a particular purpose and non-infringenient. In addition, IEEE does not warrant or
represent that the use of the material contained in its standards is free from patent infringement. IEEE
Standards documents are supplied “AS IS” and “WITHALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The.eXistence of an IEEE Standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore;\th¢ viewpoint expressed at the time a standard is approved and
issued is subject to change brought abdutithrough developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any’person or entity, nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO-PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an IEEE standard is translated, only the English version published by IEEE is the approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall

make it clear that the presenter’s views should be considered the personal views of that individual rather
than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
consulting information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerfigd-interests, it is
important that any responses to comments and questions also receive the concurrence of 4 balance of interests.
For this reason, IEEE and the members of its Societies and Standards Coordinating Conimittees are not able to
provide an instant response to comments, or questions except in those cases where-the matter has previously
been addressed. For the same reason, IEEE does not respond to interpretation requests. Any person who would
like to participate in evaluating comments or in revisions to an IEEE standardds welcome to join the relevant
IEEE working group. You can indicate interest in a working group using the Tnterests tab in the Manage Profile
& Interests area of the IEEE SA myProject system. An IEEE Account.is,héeded to access the application.

Comments on standards should be submitted using the Contact Us\form.
Laws and regulations

Users of IEEE Standards documents should consult.all applicable laws and regulations. Compliance with the
provisions of any IEEE Standards document do€synot constitute compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by.thie publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards docuthents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft<and approved standards are copyrighted by IEEE under US and international copyright laws.
They are(made available by IEEE and are adopted for a wide variety of both public and private uses. These
includé bpth use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and.the*promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.

Photocopies

to photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400;
https://www.copyright.com/. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

4
Copyright © 2021 IEEE. All rights reserved.



https://development.standards.ieee.org/myproject-web/public/view.html#landing
https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html
https://www.copyright.com/
https://iecnorm.com/api/?name=affdc82b154fde5cc61eb26b71be7e33

ISO/IEC/IEEE 8802-3:2021/Amd.11:2022(E)

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
point in time consists of the current edition of the

a1t
T eCts

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been ‘amiended
through the issuance of amendments, corrigenda, or errata, visit [EEE Xplore or contact IEEE. For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA~Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the [EEE SA Website. Search for standard number
and year of approval to access the web page of the published standard. Errata(links are located under the
Additional Resources Details section. Errata are also available in IEEE Xplere. Users are encouraged to
periodically check for errata.

Patents

IEEE Standards are developed in compliance with the [IEEE.SA)Patent Policy.

Attention is called to the possibility that implementatipiiof this standard may require use of subject matter
covered by patent rights. By publication of this standard; no position is taken by the IEEE with respect to the
existence or validity of any patent rights in contiection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE
SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation or
under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may-exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying.Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal\validity or scope of Patents Claims, or determining whether any licensing terms or
conditions providedin connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determinatiofiof the validity of any patent rights, and the risk of infringement of such rights, is entirely their
own responsibility. Further information may be obtained from the IEEE Standards Association.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. IEEE Standards development activities consider
research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. Implementers and users of IEEE Standards documents are responsible for
determining and complying with all appropriate safety, security, environmental, health, and interference
protection practices and all applicable laws and regulations.
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Introduction

This introduction is not part of IEEE Std 802.3cu-2021, IEEE Standard for Ethernet—Amendment 11: Physical
Layers and Management Parameters for 100 Gb/s and 400 Gb/s Operation over Single-Mode Fiber at 100 Gb/s per
Wavelength.

IEEE Std 802.3™ was first published in 1985. Since the initial publication, many projects have added
functionality or provided maintenance updates to the specifications and text included in the standard. Each
IEEE 802.3 project/amendment is identified with a suffix (e.g., IEEE Std 802.3ba™-2010).

The half duplex Media Access Control (MAC) protocol specified in IEEE Std 802.3-1985 is Carrier Sense
Multiple Access with Collision Detection (CSMA/CD). This MAC protocol was key to the experimental
Ethernet developed at Xerox Palo Alto Research Center, which had a 2.94 Mb/s data rate.pEthernet at
10 Mb/s was jointly released as a public specification by Digital Equipment Corporation (PEC), Intel and
Xerox in 1980. Ethernet at 10 Mb/s was approved as an IEEE standard by the IEEE Standatrds-Board in 1983
and subsequently published in 1985 as IEEE Std 802.3-1985. Since 1985, new media options, new speeds of
operation, and new capabilities have been added to IEEE Std 802.3. A full duplex M'AC protocol was added
in 1997.

Some of the major additions to IEEE Std 802.3 are identified in the marketplace with their project number.
This is most common for projects adding higher speeds of operation ot n¢w protocols. For example, IEEE
Std 802.3u™ added 100 Mb/s operation (also called Fast Ethernet)y TEEE Std 802.3z added 1000 Mb/s
operation (also called Gigabit Ethernet), IEEE Std 802.3ae added’10-Gb/s operation (also called 10 Gigabit
Ethernet), IEEE Std 802.3ah™ specified access network Ethernet\(also called Ethernet in the First Mile) and
IEEE Std 802.3ba added 40 Gb/s operation (also called 40-Gigabit Ethernet) and 100 Gb/s operation (also
called 100 Gigabit Ethernet). These major additions are alknow included in and are superseded by IEEE Std
802.3-2018 and are not maintained as separate documents.

At the date of IEEE Std 802.3cu-2021 publication, IEEE Std 802.3 was composed of the following
documents:

IEEE Std 802.3-2018

Section One—Includes Clause I through Clause 20 and Annex A through Annex H and Annex 4A.
Section One includes the-speécifications for 10 Mb/s operation and the MAC, frame formats and service
interfaces used for all speeds of operation.

Section Two—Ineludes Clause 21 through Clause 33 and Annex 22A through Annex 33E. Section
Two includes\nianagement attributes for multiple protocols and speed of operation as well as
specifications’for providing power over twisted pair cabling for multiple operational speeds. It also
includes general information on 100 Mb/s operation as well as most of the 100 Mb/s Physical Layer
specifications.

Section Three—Includes Clause 34 through Clause 43 and Annex 36A through Annex 43C. Section
Three includes general information on 1000 Mb/s operation as well as most of the 1000 Mb/s Physical
Layer specifications.

Section Four—Includes Clause 44 through Clause 55 and Annex 44A through Annex 55B. Section

Four includes anPral information on 10 Gh/s npﬁra‘rinn as well as maost of the 10 Gb/s Phvsical Laver

specifications.

Section Five—Includes Clause 56 through Clause 77 and Annex 57A through Annex 76A. Clause 56
through Clause 67 and Clause 75 through Clause 77, as well as associated annexes, specify subscriber
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access and other Physical Layers and sublayers for operation from 512 kb/s to 10 Gb/s, and defines
services and protocol elements that enable the exchange of IEEE Std 802.3 format frames between
stations in a subscriber access network. Clause 68 specifies a 10 Gb/s Physical Layer specification.
Clause 69 through Clause 74 and associated annexes specify Ethernet operation over electrical
backplanes at speeds of 1000 Mb/s and 10 Gb/s.

Section Six—Includes Clause 78 through Clause 95 and Annex 83A through Annex 93C. Clause 78
specifies Energy-Efficient Ethernet. Clause 79 specifies IEEE 802.3 Organizationally Specific Link
Layer Discovery Protocol (LLDP) type, length, and value (TLV) information elements. Clause 80
through Clause 95 and associated annexes include general information on 40 Gb/s and 100 Gbrs
operation as well the 40 Gb/s and 100 Gb/s Physical Layer specifications. Clause 90 specifies Ethernet
support for time synchronization protocols.

Section Seven—Includes Clause 96 through Clause 115 and Annex 97A through (Annex 115A.
Clause 96 through Clause 98, Clause 104, and associated annexes, specify Physical "Layers and
optional features for 100 Mb/s and 1000 Mb/s operation over a single twisted pair~Cladse 100 through
Clause 103, as well as associated annexes, specify Physical Layers for the operation of the EPON
protocol over coaxial distribution networks. Clause 105 through Clause 114, and associated annexes
include general information on 25 Gb/s operation as well as 25 Gb/s Physical Layer specifications.
Clause 99 specifies a MAC merge sublayer for the interspersing of express traffic. Clause 115 and its
associated annex specify a Physical Layer for 1000 Mb/s operation,ov€r plastic optical fiber.

Section Eight—Includes Clause 116 through Clause 126 afd)‘Annex 119A through Annex 120E.
Clause 116 through Clause 124 and associated annexes inelade general information on 200 Gb/s and
400 Gb/s operation as well the 200 Gb/s and 400 Gb/s (Physical Layer specifications. Clause 125 and
Clause 126 include general information on 2.5 Gb/s-and 5 Gb/s operation as well as 2.5 Gb/s and
5 Gb/s Physical Layer specifications.

IEEE Std 802.3cb™-2018

Amendment 1—This amendment includes changes to IEEE Std 802.3-2018 and its amendments, and
adds Clause 127 through Clause 130,»Annex 127A, Annex 128A, Annex 128B, and Annex 130A. This
amendment adds new Physical Layets for operation at 2.5 Gb/s and 5 Gb/s over electrical backplanes.

IEEE Std 802.3bt™-2018

Amendment 2—This(amendment includes changes to IEEE Std 802.3-2018 and adds Clause 145,
Annex 145A, Ann¢gx 145B, and Annex 145C. This amendment adds power delivery using all four pairs
in the structured” wiring plant, resulting in greater power being available to end devices. This
amendment also allows for lower standby power consumption in end devices and adds a mechanism to
better manage the available power budget.

IEEE §td,802.3cd™-2018

Amendment 3—This amendment includes changes to IEEE Std 802.3-2018 and adds Clause 131
through Clause 140 and Annex 135A through Annex 136D. This amendment adds MAC parameters,
Physical Layers, and management parameters for the transfer of IEEE 802.3 format frames at 50 Gb/s,
100 Gb/s, and 200 Gb/s.

IEEE Std 802.3cn™-2019

Amendment 4—This amendment includes changes to IEEE Std 802.3-2018 and adds 50 Gb/s,
200 Gb/s, and 400 Gb/s Physical Layer specifications and management parameters for operation over
single-mode fiber with reaches of at least 40 km.
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IEEE Std 802.3cg™-2019

Amendment 5—This amendment includes changes to IEEE Std 802.3-2018 and its amendments and
adds Clause 146 through Clause 148 and Annex 146A and Annex 146B. This amendment adds
10 Mb/s Physical Layer specifications and management parameters for operation on a single balanced

pail of-comductors:
IEEE Std 802.3cq™-2020

Amendment 6—This amendment includes editorial and technical corrections, refinements, and
clarifications to Clause 33 and related portions of the standard.

IEEE Std 802.3cm™-2020

Amendment 7—This amendment includes changes to IEEE Std 802.3-2018 and adds-Clause 150. This
amendment adds Physical Layer (PHY) specifications and management paramgterS for 400 Gb/s
operation on four pairs (400GBASE-SR4.2) and eight pairs (400GBASE-SR8)-0f multimode fiber,
over reaches of at least 100 m.

IEEE Std 802.3ch™-2020

Amendment 8—This amendment includes changes to IEEE Std802.3-2018 and adds Clause 149,
Annex 149A, Annex 149B, and Annex 149C. This amendmert adds physical layer specifications and
management parameters for operation at 2.5 Gb/s, 5 Gb/s,sand 10 Gb/s over a single balanced pair of
conductors.

IEEE Std 802.3ca™-2020

Amendment 9—This amendment to IEEE 8td802.3-2018 extends the operation of Ethernet passive
optical networks (EPONs) to multiple channels of 25 Gb/s providing both symmetric and asymmetric
operation for the following data rates:(downstream/upstream): 25/10 Gb/s, 25/25 Gb/s, 50/10 Gb/s,
50/25 Gb/s, and 50/50 Gb/s. This\"amendment specifies the 25 Gb/s EPON Multi-Channel
Reconciliation Sublayer (MCRS); Nx25G-EPON Physical Coding Sublayers (PCSs), Physical Media
Attachment (PMA) sublayers, and Physical Medium Dependent (PMD) sublayers that support both
symmetric and asymmetric-data rates while maintaining backward compatibility with already deployed
10 Gb/s EPON equipment: The EPON operation is defined for distances of at least 20 km, and for a
split ratio of at least,1¢32.

IEEE Std 802.3cr™=2021

Amendment 10—This amendment includes changes to IEEE Std 802.3-2018 and adds Annex J. This
amepdiment replaces references to the IEC 60950 series of standards (including IEC 60950-1
“Information technology equipment—Safety—Part 1: General requirements”) with appropriate
references to the IEC 62368 “Audio/video, information and communication technology equipment”
series and makes appropriate changes to the standard corresponding to the new references.

IEEE Std 802.3cu™-2021

Amendment 11—This amendment includes changes to IEEE Std 802.3-2018 and adds Clause 151.

This amendment adds Physical Layer (PHY) specifications and management parameters for 100 Gb/s
and 400 Gb/s operation over single-mode fiber, based on 100 Gb/s per wavelength optical signaling.

Two companion documents exist, IEEE Std 802.3.1 and IEEE Std 802.3.2. IEEE Std 802.3.1 describes
Ethernet management information base (MIB) modules for use with the Simple Network Management

11
Copyright © 2021 IEEE. All rights reserved.


https://iecnorm.com/api/?name=affdc82b154fde5cc61eb26b71be7e33

ISO/IEC/IEEE 8802-3:2021/Amd.11:2022(E)

IEEE Std 802.3cu-2021
IEEE Standard for Ethernet—Amendment 11: Physical Layers and Management Parameters for
100 Gb/s and 400 Gb/s Operation over Single-Mode Fiber at 100 Gb/s per Wavelength

Protocol (SNMP). IEEE Std 802.3.2 describes YANG data models for Ethernet. IEEE Std 802.3.1 and
IEEE Std 802.3.2 are updated to add management capability for enhancements to IEEE Std 802.3 after
approval of those enhancements.

IEEE Std 802.3 will continue to evolve. New Ethernet capabilities are anticipated to be added within the

— 1 RS N ‘- 1 1
TICVAU IUW yUﬂlD dAd AITICITUITIUTILS TU UILS Stalliard.
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IEEE Standard for Ethernet

Amendment 11:

Physical Layers and Management
Parameters for 100 Gb/s and 400 Gb/s
Operation over Single-Mode Fiber at
100 Gb/s per Wavelength

(This amendment is based on IEEE Std 802.3™-2018 as amended by IEEE Std 802.3cb™-2018,
IEEE Std 802.3bt™-2018, IEEE Std 802.3cd™=2018, IEEE Std 802.3cn™-2019, IEEE Std 802.3cg™-2019,
IEEE Std 802.3cq™-2020, IEEE Std 802.3¢cm™-2020, IEEE Std 802.3ch™-2020, IEEE Std 802.3ca™-2020,
and IEEE Std 802.3cr™-2020.)

NOTE—The editing instructions.confained in this amendment define how to merge the material contained therein into
the existing base standard and its ‘amendments to form the comprehensive standard.

The editing instructions are*shewn in bold italic. Four editing instructions are used: change, delete, insert, and replace.
Change is used to make corrections in existing text or tables. The editing instruction specifies the location of the change
and describes what_is\being changed by using strikethrough (to remove old material) and underscore (to add new
material). Delete removes existing material. Insert adds new material without disturbing the existing material. Deletions
and insertions may require renumbering. If so, renumbering instructions are given in the editing instruction. Replace is
used to make.changes in figures or equations by removing the existing figure or equation and replacing it with a new
one. Editifiginstructions, change markings, and this NOTE will not be carried over into future editions because the
changes will be incorporated into the base standard.

Cross 1references that refer to clauses, tables, equations, or figures not covered by this amendment are highlighted in
Sycen.

1 Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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1. Introduction

1.4 Definitions

Insert the following new definition after 1.4.27 “I100GRASE-FR4”:

with reach up to at least 2 km. (See IEEE Std 802.3, Clause 140.)

Insert the following new definition after 1.4.29 “100GBASE-KR4”:

with reach up to at least 10 km. (See IEEE Std 802.3, Clause 140.)

IEEE Std 802.3cn-2019:

to at least 2 km. (See IEEE Std 802.3, Clause 151.)

Insert the following new definition after 1.4.107 “400GBASE~FR8”:

to at least 6 km. (See IEEE Std 802.3, Clause 151-)

1.4.27a 100GBASE-FR1: IEEE 802.3 Physical Layer specification for 100 Gb/s serial transmission using
100GBASE-R encoding and 4-level pulse amplitude modulation over one wavelength on single-mode fiber,

1.4.29a 100GBASE-LR1: IEEE 802.3 Physical Layer specification for 100 Gb/s serial transmission using

100GBASE-R encoding and 4-level pulse amplitude modulation over one wavelength on sifgleésmode fiber,

Insert the following new definition after 1.4.106a “400GBASE-ER8Y as inserted by

1.4.106b 400GBASE-FR4: IEEE 802.3 Physical Layer specification for 400 Gb/s using 400GBASE-R

encoding and 4-level pulse amplitude modulation over four WDM lang$\0n single-mode fiber, with reach up

1.4.107a 400GBASE-LR4-6: IEEE 802.3 Physical Layer specification for 400 Gb/s using 400GBASE-R
encoding and 4-level pulse amplitude modulation oyerfour WDM lanes on single-mode fiber, with reach up
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30. Management

30.5 Layer management for medium attachment units (MAUs)

3051 MAU managed ohject class

30.5.1.1 MAU attributes
30.5.1.1.2 aMAUType

Insert 100GBASE-FR1 PHY type into the “APPROPRIATE SYNTAX” section of 30.5.1.1.2 after
100GBASE-SR10 as follows:

APPROPRIATE SYNTAX:
100GBASE-FR1 100GBASE-R PCS/PMA over single-mode fiber PMD
with reach up to at least 2 km as specified in Clausé 140
Insert 100GBASE-LR1 PHY type into the “APPROPRIATE SYNTAX?” section of 30.5.1.1.2 after
100GBASE-LR4 as follows:
APPROPRIATE SYNTAX:
100GBASE-LR1 100GBASE-R PCS/PMA,over single-mode fiber PMD
with reach up to at least 10 km as specified in Clause 140
Insert 400GBASE-FR4 and 400GBASE-LR4-6 PHY types into the “APPROPRIATE SYNTAX” section
of 30.5.1.1.2 after 400GBASE-FRS as follows:
APPROPRIATE SYNTAX:
400GBASE-FR4 400GBASE-R PCS/PMA over 4 WDM lane single-mode fiber PMD
with reach up to at least 2 km as specified in Clause 151

400GBASE-LR4-6 400GBASE-R PCS/PMA over 4 WDM lane single-mode fiber PMD
with reach up to at least 6 km as specified in Clause 151
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45. Management Data Input/Output (MDIO) Interface

45.2 MDIO Interface Registers

452 1 PMA/PMD registers

45.2.1.6 PMA/PMD control 2 register (Register 1.7)

Change the indicated reserved rows of Table45-7 (as modified by IEEE Std 802.3cd-2018,
IEEE Std 802.3cn-2019, and IEEE Std 802.3cm-2020) as follows (unchanged rows not shown):

Table 45-7—PMA/PMD control 2 register bit definitions

Bit(s) Name Description R/W?

1.7.6:0 PMA/PMD type selection | 6543210 R/W

11000 10=400GBASE-LR4-6 PAA/PMDreserved
110000 1 = 400GBASE-FR4 PMA/PMDreserved

= reserved
= 100GBASE-LR1 PMA/PMD
= 100GBASE-FR1 PMA/PMD

_.._._.
ololo
olole
Ry Ry
— = =
oo =
=Y

#R/W = Read/Write, RO = Read only

45.2.1.7 PMA/PMD status 2 register (Register 1.8)
45.2.1.7.4 Transmit fault (1.8.11)
Change the row for 100GBASE-DR in Table 45-9 (as inserted by IEEE Std 802.3cd-2018) and insert a

new row for 400GBASE-FR4..and 400GBASE-LR4-6 at the end of Table 45-9 as follows (unchanged
rows not shown):

Table 45-9—Transmit fault description location

PMA/PMD Description location

100GBASE-DR, 100GBASE-FR1 140.5.8
100GBASE-LR1

400GBASE-FR4, 400GBASE-LR4-6 151.5.10
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45.2.1.7.5 Receive fault (1.8.10)

Change the row for 100GBASE-DR in Table 45-10 (as inserted by IEEE Std 802.3cd-2018) and insert a
new row for 400GBASE-FR4 and 400GBASE-LR4-6 at the end of Table 45-10 as follows (unchanged
rows not shown):

Table 45-10—Receive fault description location

PMA/PMD Description location

100GBASE-DR, 100GBASE-FR1 140.5.9
100GBASE-LR1

400GBASE-FR4, 400GBASE-LR4-6 151.5.11

45.2.1.8 PMD transmit disable register (Register 1.9)

Change the row for 100GBASE-DR in Table 45-12 (as inserted by-IEEE Std 802.3cd-2018) and insert a
new row for 400GBASE-FR4 and 400GBASE-LR4-6 at the end of Table 45-12 as follows (unchanged
rows not shown):

Table 45-12—Transmit disable description location

PMA/PMD Description location
100GBASE-DR, 100GBASE-FR/1, and 100GBASE-LR1 140.5.6
400GBASE-FR4 and 400GBASE-LR4-6 151.5.7
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45.2.1.21 400G PMA/PMD extended ability register (Register 1.24)

Change the row for bits 1.24.9:8 in Table 45-24 (as modified by IEEE Std 802.3cm-2020) as follows

(unchanged rows not shown):

IEEE Std 802.3cu-2021

Table 45-24—400G PMA/PMD extended ability register bit definitions

Bit(s) Name Description R/W?
1.24.9 400GBASE-IL.R4-6 ability 1 = PMA/PMD is able to perform 400GBASE-I.R4-6 RO
0 =PMA/PMD is not able to perform 400GBASE-LR4*6
1.24.8 400GBASE-FR4 ability 1 = PMA/PMD is able to perform 400GBASE-FR4 RO
0 =PMA/PMD is not able to perform 400GBASE-FR4

8RO = Read only

45.2.1.21.1a1 400GBASE-LR4-6 ability (1.24.9)

45.2.1.21.1a2 400GBASE-FR4 ability'(1.24.8)

Insert 45.2.1.21.1al and 45.2.1.21.1a2 after 45.2.1.21.1a (as inserfed by IEEE Std 802.3cn-2019) and
before 45.2.1.21.1b (as inserted by IEEE Std 802.3cm-2020) as follows:

When read as a one, bit 1.24.9 indicates that the¢(PMA/PMD is able to operate as a 400GBASE-LR4-6

PMA/PMD type. When read as a zero, bit 1.249 indicates that the PMA/PMD is not able to operate as a
400GBASE-LR4-6 PMA/PMD type.

When read as a one, bit 1.24.8 indicates that the PMA/PMD is able to operate as a 400GBASE-FR4

PMA/PMD type. When read asya zero, bit 1.24.8 indicates that the PMA/PMD is not able to operate as a
400GBASE-FR4 PMA/PMD-+type.
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45.2.1.21b 40G/100G PMA/PMD extended ability 2 (Register 1.26)

Change the row for bits 1.26.6:4 in Table 45-24b (as inserted by IEEE Std 802.3cn-2019) as follows
(unchanged rows not shown):

Table 45-24b—40G/100G PMA/PMD extended ability 2 register bit definitions

Bit(s) Name Description R/W?
+26:6:4 Reserved Value always 0 RO
1.26.6
1.26.5 100GBASE-LR1 ability 1 = PMA/PMD is able to perform 100GBASE-LR1 RO

0 =PMA/PMD is not able to perform 100GBASE-LR]
1.26.4 100GBASE-FRI1 ability 1 = PMA/PMD is able to perform 100GBASE-FR1 RO
0 =PMA/PMD is not able to perform 100GBASE-FR1

2RO = Read only
Insert 45.2.1.21b.3a and 45.2.1.21b.3b after 45.2.1.21b.3 (as.iuserted by IEEE Std 802.3cn-2019) as
follows:
45.2.1.21b.3a 100GBASE-LR1 ability (1.26.5)
When read as a one, bit 1.26.5 indicates that ¢he " PMA/PMD is able to operate as a 100GBASE-LR1
PMA/PMD type. When read as a zero, bit 1.26.5 indicates that the PMA/PMD is not able to operate as a
100GBASE-LR1 PMA/PMD type.
45.2.1.21b.3b 100GBASE-FR1 ability (1.26.4)
When read as a one, bit 1.264 indicates that the PMA/PMD is able to operate as a 100GBASE-FR1

PMA/PMD type. When read.as a zero, bit 1.26.4 indicates that the PMA/PMD is not able to operate as a
100GBASE-FR1 PMA/PMD type.
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78. Energy-Efficient Ethernet (EEE)

78.1 Overview

78 1.4 PHY types Qp;tinna||¥ suppnrﬁng EEE

Insert new rows for 100GBASE-FRI1, 100GBASE-LR1, 400GBASE-FR4, and 400GBASE-LR4-6 in
Table 78—1 (as modified by IEEE Std 802.3cd-2018) with 100GBASE-FRI1 after 100GBASE-DR,

100GBASE-LR1 after 100GBASE-LR4, and 400GBASE-FR4 and 400GBASE-LR4-6 after
400GBASE-FRS as follows (unchanged rows not shown):

Table 78—1—Clauses associated with each PHY or interface type

PHY or interface type Clause
100GBASE-FR1® 82, 135, 140
100GBASE-LR1° 82, 1355140
400GBASE-FR4Y 19, 120, 151
400GBASE-LR4-6" 119, 120, 151

Y The deep sleep mode 6DEEE is not supported for this PHY.
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80. Introduction to 40 Gb/s and 100 Gb/s networks

80.1 Overview

80.1.3 Relationship of 40 Gigabit and 100 Gigabit Ethernet to the ISO OSI reference model

Change list item h) in 80.1.3 (as changed by IEEE Std 802.3cd-2018) as follows:

h) The MDIs as specified in Clause 89 for 40GBASE-FR, and_in Clause 140 for 100GBASE-DR,
100GBASE-FR1, and 100GBASE-LRI1 use a single lane data path.

80.1.4 Nomenclature
Insert new rows for 100GBASE-FR1, and 100GBASE-LRI in Table 80-1 (as- changed by

IEEE Std 802.3¢d-2018), with 100GBASE-FR1 after 100GBASE-DR, and 100GBASE-LRI after
100GBASE-LR4 as follows (unchanged rows not shown):

Table 80—1—40 Gb/s and 100 Gb/s PHYs

Name Description

100GBASE-FR1 100 Gb/s PHY using 100GBASE-R encoding over single-mode fiber,
with reach up to at least 2.kn1 (see Clause 140)

100GBASE-LRI1 100 Gb/s PHY using 100GBASE-R encoding over single-mode fiber,
with reach.up to at least 10 km (see Clause 140)
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80.1.5 Physical Layer signaling systems

Change Table 80—4a (as inserted by IEEE Std 802.3cd-2018) as follows:

Table- 80-4a—=Nomenclature-and-clause-correlation (1"(]GBASE.E op_tical\
7

Clause?®
~ 5 [=) = = @)
2l = | 22|32/ 8/8 =5 &g\ 5|l5|8 2 g
< <
Nomenclature = =R E g E 2| 2\ | =
APle| e Al o || o0 |l@2 | RN | 2
- Sl S22 I8 2z 2 2(BlY e
= 25 9 8222 2585|555 2% 4 %
= 35 < 2| =213518/181 2 2|=2|<| =< |@y8 g =
g U U a2 |l Jd| oI oAY QY| o
Q e 22 2| Ephs 8|19 2
g g - 2 — 2 - v =i —
- -
100GBASE-SR2 O/ M| O | M| O (6] O O O M| M| O (6] O O | M
100GBASE-DR O/ M| O | M| O (6] (6] O O M| M| O (0] (@) (6] M
100GBASE-FR1 O/M|OIM|O|O|O|O0O|O| M M|\ G/O | 0] O M
100GBASE-LR1 O/M O/ M O|O|O|O|O |  M/MJO | O|O|O M

40 = Optional, M = Mandatory.

80.2 Summary of 40 Gigabit and 100 Gigabit Ethernet sublayers
80.2.3 Forward Error Correction (FEC) sublayers
Change the first paragraph in 80.2.3 (as’changed by IEEE Std 802.3¢cd-2018) as follows:

A Forward Error Correction sublayer is optional for 40GBASE-KR4, 40GBASE-CR4, and
100GBASE-CR10 PHYs and awandatory for 100GBASE-CR2, 100GBASE-CR4, 100GBASE-KR2,
100GBASE-KR4, 100GBASE-KP4, 100GBASE-SR2, 100GBASE-SR4, anrd—100GBASE-DR,
100GBASE-FR1. and 1006BASE-LR1 PHYs. The FEC sublayer can be placed in between the PCS and
PMA sublayers or betweenrtwo PMA sublayers.
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80.4 Delay constraints

Insert new rows for 100GBASE-FR1, and 100GBASE-LR1 in Table 80-5 (as changed by
IEEE Std 802.3¢d-2018), with 100GBASE-FR1 after 100GBASE-DR, and 100GBASE-LRI after

100GBASE-LR4 as follows (unchanged rows not shown):

Table 80-5—Sublayer delay constraints

Sublaver Maximum Maximum Maximum Notes®
y (bit time)® | (pause_quanta)® (ns)

100GBASE-FR1 PMD 2048 4 20.48 Includes 2 m of fiber. See 140.3"

Includes 2 m ofifibér. See 140.3.

100GBASE-LR1 PMD 2048 4 20.48

4 For 40GBASE-R, 1 bit time (BT) is equal to 25 ps and for I00GBASE-R, 1 bit timé (BT) is equal to 10 ps. (See 1.4.160

for the definition of bit time.)
b For 40GBASE-R, 1 pause quantum is equal to 12.8 ns and for 100GBASE~R," pause quantum is equal to 5.12 ns.

(See 31B.2 for the definition of pause_quanta.
¢ Should there be a discrepancy between this table and the delay requifements of the relevant sublayer clause, the

sublayer clause prevails.
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91. Reed-Solomon Forward Error Correction (RS-FEC) sublayer for
100GBASE-R PHYs

91.5 Functions within the RS-FEC sublayer

91.5.2.7 Reed-Solomon encoder

as follows:

RS(544,514).
91.5.3 Receive function

91.5.3.3 Reed-Solomon decoder

as follows:

correcting any combination of up to /=15 symbol errors in @-codeword.

Sollows:

Change the second sentence of the second paragraph of 91.5.2.7 (as changed by IEEE Std 802.3cd-2018)

When used to form a 100GBASE-KP4, 100GBASE-CR2, 100GBASE-KR2, 100GBASE:SR2, er
100GBASE-DR, 100GBASE-FR1, or 100GBASE-LR1 PHY, the RS-FEC sublayer shallnimplement

Change the second sentence of the second paragraph of 91.5.3.3 (as chaugeéd by IEEE Std 802.3cd-2018)

When used to form a 100GBASE-KP4, 100GBASE-CR2,°100GBASE-KR2, 100GBASE-SR2, er
100GBASE-DR, 100GBASE-FR1, or 100GBASE-LR1 PHY; the RS-FEC sublayer shall be capable of

Change the last sentence of the third paragraph of 91.5.3.3 (as changed by IEEE Std 802.3¢cd-2018) as

This option shall not be used when the, RS-FEC sublayer is used to form part of a 100GBASE-CR2,
100GBASE-KR2, 100GBASE-SR2, >100GBASE-SR4, er—100GBASE-DR, 100GBASE-FRI,

100GBASE-LR1 PHY.

Sollows:

threshold shall be K=6380.

91.5.3(3.+FEC Degraded SER (optional)

Change the first paragraph of 91.5.3.3.1 (as inserted by IEEE Std 802.3cd-2018) as follows:

Change the last sentence of the last paragraph of 91.5.3.3 (as changed by IEEE Std 802.3cd-2018) as

When the RS-FEC-sublayer is used to form a 100GBASE-KP4, 100GBASE-CR2, 100GBASE-KR2,
100GBASE-SR2§_ér—100GBASE-DR, 100GBASE-FR1, or 100GBASE-LR1 PHY, the symbol error

For 100GBASE-CR2, 100GBASE-KR2, 100GBASE-SR2, and—100GBASE-DR, 100GBASE-FR1. and

100GBASE-LR1 PHYs an optional FEC degraded symbol error ratio function is available.
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91.6 RS-FEC MDIO function mapping

91.6.2a four_lane_pmd

Change 91.6.2a (as inserted by IEEE Std 802.3cd-2018) as follows:

When this variable is set to one, the alignment marker mapping function substitutes the fixed bytes of the
alignment markers corresponding to PCS lanes 17, 18, and 19 with the fixed bytes for the alignment marker
corresponding to PCS lane 16 (see 91.5.2.6). When this variable is set to zero, the alignment markers
corresponding to PCS lanes 17, 18, and 19 are passed through unmodified. The default value of the variable
is one which is the value required by the 100GBASE-CR4, 100GBASE-KR4, 100GBASE-KP4;.and
100GBASE-SR4 PMDs. This variable is set to zero for the 100GBASE-CR2, 100GBASE:-KR2,
100GBASE-SR2, and—100GBASE-DR, 100GBASE-FR1, and 100GBASE-LR1 PMDs. This'\variable is
mapped to the bit defined in 45.2.1.110 (1.200.3).
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91.7 Protocol implementation conformance statement (PICS) proforma for
Clause 91, Reed-Solomon Forward Error Correction (RS-FEC) sublayer for

100GBASE-R PHYs?

91.7.3 Major capabilities/options

Change the rows for items *KP4 and *FDDP in the table in 91.7.3 (as changed by IEEE Std
802.3¢d-2018) as follows (unchanged rows not shown):

Item Feature Subclause Value/Comment Status Support
*KP4 100GBASE-KP4, Used to form complete (0] Yes [ ]
100GBASE-CR2, 100GBASE-KP4, No[]
100GBASE-KR2, 100GBASE-CR2,
100GBASE-SR2,-e 100GBASE-KR2,
100GBASE-DR,_ 100GBASE-SR2,-e¢
100GBASE-FRI1, or 100GBASE-DR,_
100GBASE-LRI1 100GBASE-FR1, or
100GBASE-LR1 PHY
*FDDP 100GBASE-CR2, 91.5.3.3.1 Used to form complete (0] Yes [ ]
100GBASE-KR2, 100GBASE-CR2, No[]
100GBASE-SR2,-e 100GBASE-KR2,
100GBASE-DR,_ 100GBASE-SR2,-er
100GBASE-FR1, or 100GBASE-DR,_
100GBASE-LR1 100GBASE*FRI1, or
100GBASE-LR1 PHY

91.7.4.1 Transmit function

91.7.4 PICS proforma tables for Reed=Solomon Forward Error Correction (RS-FEC)
sublayer for 100GBASE-R PHYs

Change the row for item TFI1lNin the table in 91.7.4.1 (as changed by IEEE Std 802.3cd-2018) as follows
(unchanged rows not shown):

100GBASE-CR2,
100GBASE-KR2,
100GBASE-SR2,-6¢
100GBASE-DR,
100GBASE-FRI, or
100GBASE-LR1

Item Feature Subclause Value/Comment Status Support
TF11 Reed-Solomon encoder 91.5.2.7 RS(544,514) KP4:M Yes [ ]
for I00GBASE-KP4, N/AT]

3Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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91.7.4.2 Receive function

Change the rows for items RF4, RF6, and RF12 in the table in 91.7.4.2 (as changed by IEEE Std
802.3¢d-2018) as follows (unchanged rows not shown):

Item Feature Subclause Value/Comment Status Support
RF4 Reed-Solomon decoder 91.5.3.3 Corrects any combination of up KP4:M Yes [ ]
for I00GBASE-KP4, to =15 symbol errors in a N/AT]
100GBASE-CR2, codeword unless error correction
100GBASE-KR2, bypassed

100GBASE-SR2,-6¢
100GBASE-DR,
100GBASE-FRI, or
100GBASE-LR1

RF6 Error correction bypass 91.5.3.3 Error correction is not bypassed. SR4:M Yes [ ]
for 100GBASE-CR2, or N/AT]
100GBASE-KR2, FDDP:M

100GBASE-SR2,
100GBASE-SR4,-o¢
100GBASE-DR,_
100GBASE-FRI1. or
100GBASE-LR1

RF12 Symbol error threshold 91.5.3.3 K76380 BEI* Yes [ ]
for I00GBASE-KP4, KP4:M N/AT]
100GBASE-CR2,
100GBASE-KR2,
100GBASE-SR2,-e¢
100GBASE-DR,_
100GBASE-FR1, or
100GBASE-LR1
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116. Introduction to 200 Gb/s and 400 Gb/s networks

116.1 Overview

116 1 2 Relationship of 200 Gigabit and 400 Gigabit Fthernet to the 1ISO QS| reference

model

Change item h) in the lettered list in 116.1.2 (as changed by IEEE Std 802.3cd-2018 and IEEE Std
802.3¢n-2019) as follows:

h) The MDIs as specified in Clause 121 for 200GBASE-DR4, in Clause 122 for 200GBASE<ER4,
200GBASE-LR4, and 200GBASE-ER4, and-in Clause 124 for 400GBASE-DR4, in Clause’+36 for
200GBASE-CR4, in Clause 137 for 200GBASE-KR4, and-in Clause 138 for 200GBASE-SR4, and
in Clause 151 for 400GBASE-FR4 and 400GBASE-LR4-6, all use a 4-lane data path:

116.1.3 Nomenclature

Insert two new rows for 400GBASE-FR4 and 400GBASE-LR4-6 in Table 1162 after 400GBASE-FR8
as follows (unchanged rows not shown):

Table 116—2—400 Gb/s PHYs

Name Description

400GBASE-FR4 400 Gb/s PHY using 400GBASE-R encoding over four WDM lanes on
single-mode fiber, withyreach up to at least 2 km (see Clause 151)

400GBASE-LR4-6 400 Gb/s PHY ising 400GBASE-R encoding over four WDM lanes on
single-mode: fiber, with reach up to at least 6 km (see Clause 151)
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116.1.4 Physical Layer signaling systems

Change Table 116—4 (as modified by IEEE Std 802.3cm-2020) as follows:

Table 116—4—PHY type and clause correlation (400GBASE optical)

Clause?
ROl A X
gl = |Z2|2|8/5/5/8|8|8/ g g |8 ¢ | ¢
gl al8lalalglglaye
= | w | <L > = =
PHY type 282 R Z vz B2 £ Z g 8E %
= £ %z 22 2|22 &2 28 YgFze s
2|z 2 2la |z 2/ 2|2%2/% 85 N7 "
S A AR R R AT NS AL N
TIEIS 8 ICcIg 8lglE A ZElAe 455
2 £/ /2|8 5 8¢ 8 g1y | 8
gsgsg*ggoggcowgg
N s/ 8 8 8% 49 §¢% 8§
400GBASE-SR16 [0 |M|O O | M|M|O|O|O|0O M
400GBASE-SR§ [0 |M|O |0 M M|O 0O OO M
400GBASE-SR42 |0 /M| O |0 | M|M| O 0|00 M
400GBASE-DR4 O M O|O| M| M|O|O|]O|@© M
400GBASEFRS |O | M| O |0 | M| M| O O]0\N0 M
400GBASE-FR4 [0 |M|0O O |M|M O |00 O M
400GBASE-LR4-6 |0 M| 0|0 | M M| 040 0 O M
400GBASE-LRS [0 | M| O |0 M| MJ® 0 0|0 M
400GBASE-ERS [0 |M|O |0 MM|O 0 0O M

2 O = Optional, M = Mandatory.

116.4 Delay constraints

Insert two new rows for 400GBASE-FR4 and 400GBASE-LR4-6 in Table 116—6 after 400GBASE-FRS
as follows (unchanged,vows not shown):

Table 116—6—Sublayer delay constraints (400GBASE)

Sublaver Maximum Maximum Maximum Notes®
y (bit time)? (pause_quanta)b (ns)
400GBASE-FR4 PMD 8192 16 20.48 Includes 2 m of fiber. See 151.3.1.
400GBASE-LR4-6 PMD 8192 16 20.48 Includes 2 m of fiber. See 151.3.1.

4 For 400GBASE-R, 1 bit time (BT) is equal to 2.5 ps. (See 1.4.160 for the definition of bit time.)

b For 400GBASE-R, 1 pause_quantum is equal to 1.28 ns. (See 31B.2 for the definition of pause quanta.)

¢ Should there be a discrepancy between this table and the delay requirements of the relevant sublayer clause, the
sublayer clause prevails.
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116.5 Skew constraints

Change Table 116-7 (as changed by IEEE Std 802.3cm-2020) as follows:

Table 116—7—Summary of Skew constraints

Maximum Skew
Maximum for 200GBASE-R

Skew points Skew or 400GBASE-R Notes®
(ns)? PCS lane
wn®

SP1 29 ~ 770 See 120.5.3.1

SP2 43 ~ 1142 See 120.5.3.3,121.3.2, 122.3.2,123.3.2, 124 8.2,
138.3.2,6£150.3.2, or 151.3.2

SP3 54 ~ 1434 See 121.3.2,122.3.2,123.3.2, 124.32,438.3.2, ot
150.3.2, 0r 151.3.2

SpP4 134 ~ 3559 See 121.3.2,122.3.2, 123.32, 124.3.2, 138.3.2, o
150.3.2, 0r 151.3.2

SP5 145 ~ 3852 See 121.3.2, 122.3.27,123°3.2, 124.3.2, 138.3.2, ot
150.3.2, or 151.32

SP6 160 ~ 4250 See 120.5.3.5

At PCS receive 180 =~ 4781 See 11902:51

4 The Skew limit includes 1 ns allowance for PCB traces that are as§ociated with the Skew points.

b The symbol = indicates approximate equivalent of maximum Skew in UI based on 1 UI equals 37.64706 ps at PCS
lane signaling rate of 26.5625 GBd.

¢ Should there be a discrepancy between this table and the (Skew requirements of the relevant sublayer clause, the
sublayer clause prevails.
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Change Table 116-8 (as changed by IEEE Std 802.3cm-2020) as follows:

Table 116-8—Summary of Skew Variation constraints

Maximum Skew | Maximum Skew
MaS’;(l:;lm Variation for Variation for
Skew points Variation 26.5625 GBd 53.125 GBd Notes®
(ns) PMD lane PMD lane
un? unP

SP1 0.2 =5 N/A See 120.5.3.1

SP2 0.4 ~11 » 21 See 120.5.3.3,121.3.2, 122.3.2,
123.3.2,124.3.2,138.3.2, er\] §03.2,
or151.3.2

SP3 0.6 ~ 16 » 32 See 121.3.2,122.3.2A433)3.2, 124.3.2,
138.3.2, 0150.3 2,°0r151.3.2

SP4 34 ~ 90 » 181 See 121.3.2,192.3.2,123.3.2,124.3.2,
138.3.2, e4[%50.3.2, or 151.3.2

SP5 3.6 ~ 96 » 191 See 121.32,122.3.2,123.3.2,124.3.2,
138 3¢/ er-150.3.2, or 151.3.2

SP6 3.8 ~ 101 N/A See 120.5.3.5

At PCS receive 4 ~ 106 N/A See 119.2.5.1

2 The symbol ~ indicates approximate equivalent of maximum Skew/Variation in Ul based on 1 Ul equals 37.64706 ps
at PMD lane signaling rate of 26.5625 GBd.

b The symbol ~ indicates approximate equivalent of maximum Skew’ Variation in UI based on 1 UI equals 18.82353 ps
at PMD lane signaling rate of 53.125 GBd.

¢ Should there be a discrepancy between this table and4he Skew requirements of the relevant sublayer clause, the
sublayer clause prevails.
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