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Abstract: This amendment to IEEE Std 802.3-2018 adds Physical Layer specifications and
management parameters for 100 Gb/s and 400 Gb/s Ethernet optical interfaces for reaches up to
10 km based on 100 Gb/s per wavelength optical signaling.
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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 (https://standards.ieee.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 Coordina.‘ng
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its stan 'aras
through an accredited consensus development process, which brings together volunteers repres vitin, veried
viewpoints and interests to achieve the final product. IEEE Standards are documents dev.loped by
volunteers with scientific, academic, and industry-based expertise in technical working gr\ ups. Volunteers
are not necessarily members of IEEE or IEEE SA, and participate without compensation. o.n IEEE. While
IEEE administers the process and establishes rules to promote fairness in the con.ensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of anv o. the information or the
soundness of any judgments contained in its standards.

IEEE makes no warranties or representations concerning its stondads, and expressly disclaims all
warranties, express or implied, concerning this standard, including v ot limited to the warranties of
merchantability, fitness for a particular purpose and non-infringem¢nt. In addition, IEEE does not warrant or
represent that the use of the material contained in its standaids .- frie from patent infringement. IEEE
Standards documents are supplied “AS IS” and “WITH ALL JAU. TS.”

Use of an IEEE standard is wholly voluntary. The existei ~e o "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, the v ewpnint expressed at the time a standard is approved and
issued is subject to change brought about thiyugzi developments in the state of the art and comments
received from users of the standard.

In publishing and making its standardc av.:lalie, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any per:on ¢ entity, nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. A7, erson utilizing any IEEE Standards document, should rely upon his or
her own independent judgmen' ir che exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a compeient | =~’cssional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL "EEcE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR COMSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PRZCURE NSYUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUFSINE"S I.'TERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHE: 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
KT7GAKDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

1 anslations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE 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 interpretatio. s,
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, ‘ogc¢ther  vith
appropriate supporting comments. Since IEEE standards represent a consensus of concerned i.:eres.; it is
important that any responses to comments and questions also receive the concurrence of a balance o1 ‘nterests.
For this reason, IEEE and the members of its Societies and Standards Coordinating Committec s are not able to
provide an instant response to comments, or questions except in those cases where the:matic: has previously
been addressed. For the same reason, IEEE does not respond to interpretation request.. An;, ners »n who would
like to participate in evaluating comments or in revisions to an IEEE standarc is-v:1co. > to join the relevant
IEEE working group. You can indicate interest in a working group using the Inte. >sts 1 b in the Manage Profile
& Interests area of the IEEE SA myProject system. An IEEE Account is nezded to «.ccess the application.

Comments on standards should be submitted using the Contact Us fo=m.
Laws and regulations

Users of IEEE Standards documents should consult all ap/licable iaws and regulations. Compliance with the
provisions of any IEEE Standards document does not co. sti.ate 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 the nutlication of its standards, intend to urge action that is not
in compliance with applicable laws, and thes~ dccu.r ents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context < assci.ing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approven standards are copyrighted by IEEE under US and international copyright laws.
They are mad. a.nilable by IEEE and are adopted for a wide variety of both public and private uses. These
include both u e, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the prow otion of engineering practices and methods. By making these documents available for use and
adoptin by public authorities and private users, IEEE does not waive any rights in copyright to the
dociments.

Photoc opies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license
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.
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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,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

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 ame. dea
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE. Fo. mo.»
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA V/ebs'te.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. Search for s¢ ndard number
and year of approval to access the web page of the published standard. Errata lir'-s at. locs ced under the
Additional Resources Details section. Errata are also available in IEEE Xnlozc. Uscrs are encouraged to
periodically check for errata.

Patents

IEEE Standards are developed in compliance with the IEEE S:A Pa =nt [ olicy.

Attention is called to the possibility that implementation of thi. standard may require use of subject matter
covered by patent rights. By publication of this standard, |:0 pesition is taken by the IEEE with respect to the
existence or validity of any patent rights in connection the.cwith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Le*ter of Assurance, then the statement is listed on the IEEE
SA Website at https://standards.ieee.org/about/c :sb, ratcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling *o yraut licenses under patent rights without compensation or
under reasonable rates, with reasonable ter.ns and conditions that are demonstrably free of any unfair
discrimination to applicants desiring tc ob.in.such licenses.

Essential Patent Claims may exis. “ot which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essewutial Patent Claims for which a license may be required, for conducting
inquiries into the legal val.dity or'scope of Patents Claims, or determining whether any licensing terms or
conditions provided in conection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reas)nab’e or non-discriminatory. Users of this standard are expressly advised that
determination of the va’'dity of any patent rights, and the risk of infringement of such rights, is entirely their
own responsibin. 7. Further information may be obtained from the IEEE Standards Association.

IMPORT~ N1 NOTICE

TEL" Siandards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
aginst 1 terference with or from other devices or networks. IEEE Standards development activities consider
esearch” 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 Sc.>se
Multiple Access with Collision Detection (CSMA/CD). This MAC protocol was key to the experin. nta.
Ethernet developed at Xerox Palo Alto Research Center, which had a 2.94 Mb/s data rate. Ethe met ~t
10 Mb/s was jointly released as a public specification by Digital Equipment Corporation (DFC), 'ntel »nd
Xerox in 1980. Ethernet at 10 Mb/s was approved as an IEEE standard by the IEEE Standards Ecard 1.:1983
and subsequently published in 1985 as IEEE Std 802.3-1985. Since 1985, new media optiors, new speeds of
operation, and new capabilities have been added to IEEE Std 802.3. A full duplex MAC.oro.ncol was added
in 1997.

Some of the major additions to IEEE Std 802.3 are identified in the marketylacC vith eir project number.
This is most common for projects adding higher speeds of operation or new p.otocls. For example, IEEE
Std 802.3u™ added 100 Mb/s operation (also called Fast Ethernet), IFEE Sta 802.3z added 1000 Mb/s
operation (also called Gigabit Ethernet), IEEE Std 802.3ae added 10 C4/ aneration (also called 10 Gigabit
Ethernet), IEEE Std 802.3ah™ specified access network Ethernet (7150 ca.'ed Ethernet in the First Mile) and
IEEE Std 802.3ba added 40 Gb/s operation (also called 40 Gigabi Eth :rnet) and 100 Gb/s operation (also
called 100 Gigabit Ethernet). These major additions are all n.v ii.~luded 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, IEEr Std 802.3 was composed of the following
documents:

IEEE Std 802.3-2018

Section One—Includes Clause 1« thi e’ Clause 20 and Annex A through Annex H and Annex 4A.
Section One includes the specifi>aticns for 10 Mb/s operation and the MAC, frame formats and service
interfaces used for all speeds ¢ ¢ reration.

Section Two—Includes (l2use 21 through Clause 33 and Annex 22A through Annex 33E. Section
Two includes monagiment attributes for multiple protocols and speed of operation as well as
specifications {r pr. viding power over twisted pair cabling for multiple operational speeds. It also
includes general . tormation on 100 Mb/s operation as well as most of the 100 Mb/s Physical Layer
specificao.s.

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

Section Four—Includes Clause 44 through Clause 55 and Annex 44A through Annex 55B. Section
Four includes general information on 10 Gb/s operation as well as most of the 10 Gb/s Physical Layer
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 Gb/s
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. Clause 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 over plastic optical fiber.

Section Eight—Includes Clause 116 through Clause 126 and Annex 119A through Annex 120E.
Clause 116 through Clause 124 and associated annexes include 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 Layers 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, Annex 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 Std 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 802.3¢n™-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
pair of conductors.

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 parameters for 400 Gb/s
operation on four pairs (400GBASE-SR4.2) and eight pairs (400GBASE-SR8) of multimode fiber,
over reaches of at least 100 m.

IEEE Std 802.3ch™-2020

Amendment 8—This amendment includes changes to IEEE Std 802.3-2018 and adds Clause 149,
Annex 149A, Annex 149B, and Annex 149C. This amendment adds physical layer specifications and
management parameters for operation at 2.5 Gb/s, 5 Gb/s, and 10 Gb/s over a single balanced pair of
conductors.

IEEE Std 802.3ca™-2020

Amendment 9—This amendment to IEEE Std 802.3-2018 extends the operation of Ethernet passive
optical networks (EPONSs) 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
amendment 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
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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
next few years as amendments to this standard.
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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 802.3¢q™-2020, IEEE Std 802.3cm™-2020, IEEE Std 802.3ch™-2020, IEEE Std 802.3¢a™-2020,
and IEEE Std 802.3c¢r™-2020.)

NOTE—The editing instructions contained 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 shown 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 strikethreugh (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. Editing instructions, 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
green.

! 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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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

1. Introduction

1.4 Definitions
Insert the following new definition after 1.4.27 “100GBASE-ER4”:

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,
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”:

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

Insert the following new definition after 1.4.106a “400GBASE-ER8” as inserted by
IEEE Std 802.3¢n-2019:

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 lanes on single-mode fiber, with reach up
to at least 2 km. (See IEEE Std 802.3, Clause 151.)

Insert the following new definition after 1.4.107 “400GBASE-FRS8”:
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 over four WDM lanes on single-mode fiber, with reach up
to at least 6 km. (See IEEE Std 802.3, Clause 151.)
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