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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 intethational
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part inthe work.
In the field of information technology, ISO and IEC have established a joint technijcal ‘committee,
ISO/IEC JTC 1.

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board{\Jlhe IEEE develops its
standards through a consensus development process, approved by the American National Standards
Institute, which brings together volunteers representing varied viewpoints and interests to achieve the final
product. Volunteers are not necessarily members of the Institute and setve’without compensation. While
the IEEE administers the process and establishes rules to promoete fairness in the consensus
development process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the
information contained in its standards.

The main task of ISO/IEC JTC 1 is to prepare International” Standards. Draft International Standards
adopted by the joint technical committee are circulated.tovhational bodies for voting. Publication as an
International Standard requires approval by at least 75 %)of the national bodies casting a vote.

Attention is called to the possibility that implementation of this standard may require the use of subject
matter covered by patent rights. By publication.of this standard, no position is taken with respect to the
existence or validity of any patent rights&in* connection therewith. ISO/IEEE is not responsible for
identifying essential patents or patent claims for which a license may be required, for conducting inquiries
into the legal validity or scope of patents.or patent claims or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance or a Patent Statement and
Licensing Declaration Form, if any,“or in any licensing agreements are reasonable or non-discriminatory.
Users of this standard are expressly advised that determination of 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 ISO or the IEEE Standards Association.

ISO/IEC/IEEE 8802-3:2017/Amd.2 was prepared by the LAN/MAN of the IEEE Computer Society
(as IEEE STD 802:3by-2016). It was adopted by Joint Technical Committee ISO/IEC JTC 1,
Information technology, Subcommittee SC 6, Telecommunications and information exchange between
systems, in_parallel with its approval by the ISO/IEC national bodies, under the “fast-track procedure”
defined in the Partner Standards Development Organization cooperation agreement between ISO and
IEEE. IEEE is responsible for the maintenance of this document with participation and input from
ISOAEC national bodies.
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Abstract: This amendment to IEEE Std 802.3-2015 adds Physical Layer (PHY) specifications and
management parameters for 25 Gb/s operation over twinaxial copper cabling (25GBASE-CR and
25GBASE-CR-S), electrical backplanes (25GBASE-KR and 25GBASE-KR-S), and multimode
fiber (25GBASE-SR). This amendment also specifies a 25 Gigabit Attachment Unit Interface

(25GAUI) and optional Energy Efficient Ethernet (EEE).

Keywords: 25 Gigabit Ethernet, 25GAUIl, 25GBASE-CR, 25GBASE-CR-S, 25GBASE-KR,
25GBASE-KR-S, 25GBASE-SR, 25GMII, Auto-Negotiation (AN), Backplane Ethernet, Energy
Efficient Ethernet (EEE), Ethernet, Forward Error Correction (FEC), IEEE 802%, IEEE 802.3™,
IEEE 802.3by™, multimode fiber (MMF), Physical Coding Sublayer (PCS), Physical Medium
Attachment (PMA) sublayer, Physical Medium Dependent (PMD) sublayer, Reconciliation
Sublayer (RS)
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading

“Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards Documents.”

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
consensus development process, approved by the American National Standards Institute ((‘ANSI”’), which
brings together volunteers representing varied viewpoints and interests to achieve (the/final product.
Volunteers are not necessarily members of the Institute and participate without compensation 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 of afiy of the information or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of the matérial contained in its standards, and
expressly disclaims all warranties (express, implied and statutdry)' not included in this or any other
document relating to the standard, including, but not limited te,“the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuragy, e¢ffectiveness, currency, or completeness of
material. In addition, IEEE disclaims any and all conditionsrelating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WEFH ALL 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. Furthermapt¢; the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through 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, seekthe advice of a competent professional in determining the appropriateness of a given IEEE
standard.

IN NOAEVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPEARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROEUREMENT OF 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.
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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 should be considered the

approved IEEE standard.

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, or 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 his or her views should be considered the personal views of that individual rathér than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any“interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide ,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 concerned interests, it is important that any responses’ to comments and questions also receive
the concurrence of a balance of interests. For this reasons~IEEE and the members of its societies and
Standards Coordinating Committees 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 revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted, to the following address:

Secretary, IEEE-SA Standards’Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the
provisions of ‘any IEEE Standards document does not imply 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 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.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These

include both use, by reterence, in laws and regulations, and use 1n private selt-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.
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Photocopies

Subject to payment of the appropriate fee, 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. Permission to
photocopy portions of any individual standard for educational classroom use can also be obtained through
the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded atsany time
by the issuance of new editions or may be amended from time to time through the issuance of améndments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current’édition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a documient is more than ten years
old and has not undergone a revision process, it is reasonable to conclude that it§ 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 amended
through the issuance of amendments, corrigenda, or errata;_visit the IEEE-SA Website at http://
ieeexplore.ieee.org/Xplore/home.jsp or contact IEEE at the address listed previously. For more information
about the IEEE-SA or IOWA’s standards development,process, visit the IEEE-SA Website at http://

standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be“accessed on the IEEE-SA Website at the following URL: http://
standards.ieee.org/findstds/errata/index.itml. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is called %o, the possibility that implementation of this standard may require use of subject matter
covered by patehtyrights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or yalidity of any patent rights in connection 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 http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whetlrer 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 provided 1n connection with submission ot a Letter ot Assurance, 1f any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of 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.
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Introduction

This introduction is not part of IEEE Std 802.3by™-2016, IEEE Standard for Ethernet—Amendment 2: Media

Access Control Parameters, Physical Layers, and Management Parameters 1or 25 Gb/s Operation.

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.. Ethernet at
10 Mb/s was jointly released as a public specification by Digital Equipment Corporation (DEC), Intel, and
Xerox in 1980. Ethernet at 10 Mb/s was approved as an IEEE standard by the IEEE Standards'Board in 1983
and subsequently published in 1985 as IEEE Std 802.3-1985. Since 1985, new media eptions, new speeds of
operation, and new capabilities have been added to IEEE Std 802.3. A full duplex MA€ 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 operatién ,or new protocols. For example,
IEEE Std 802.3u™ added 100 Mb/s operation (also called Fast Etherpet), IEEE 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 all now included in and are
superseded by IEEE Std 802.3-2015 and are not maintained as separate documents.

At the date of IEEE Std 802.3by-2016 publication, IEEE Std 802.3 is composed of the following
documents:

IEEE Std 802.3-2015

Section One—Includes Clause 1 through Clause 20 and Annex A through Annex H and Annex 4A.
Section One includes the specifications for 10 Mb/s operation and the MAC, frame formats, and
service interfaces used\for all speeds of operation.

Section Two-<Includes Clause 21 through Clause 33 and Annex 22A through Annex 33E. Section
Two inclpdes” management 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
speeifications.

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 general information on 10 Gb/s operation as well as most of the 10 Gb/s Physical Layer

speciiications.

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

10
Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved



https://standardsiso.com/api/?name=4f3627ef0f3caf579a165373f2aab08b

ISO/IEC/IEEE 8802-3:2017 /Amd.2:2017(E)

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 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.

IEEE Std 802.3bw-2015

Amendment 1—This amendment includes changes to IEEE Std 802.3-2015 and add$ Clause 96. This
amendment adds 100 Mb/s Physical Layer (PHY) specifications and management parameters for
operation on a single balanced twisted-pair copper cable.

IEEE Std 802.3by-2016

Amendment 2—This amendment includes changes to IEEE $td(,802.3-2015 and adds Clause 105
through Clause 112, Annex 109A, Annex 109B, Annex 109C, Annex 110A, Annex 110B, and
Annex 110C. This amendment adds MAC parameters, Physical Layers, and management parameters
for the transfer of IEEE 802.3 format frames at 25 Gb/s,

A companion document IEEE Std 802.3.1 describes Ethemnet management information base (MIB) modules
for use with the Simple Network Management Protocol (SNMP). IEEE Std 802.3.1 is updated to add
management capability for enhancements to IEEE.Std 802.3 after approval of the 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 2: Media Access Control Parameters;
Physical Layers, and Management Parameters-for
25 Gb/s Operation

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or
environmental protection, or ensure against interference with or from other devices or networks.
Implementers 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.

This IEEE document is made available for use subject to impoktant notices and legal disclaimers. These
notices and disclaimers appear in all publications containing this document and may be found under the
heading “Important Notice” or “Important Notices and ‘Disclaimers Concerning IEEE Documents.”
They can also be obtained on request  from IEEE or viewed at

http://standards.ieee.org/IPR/disclaimers. html.

(This amendment is based on IEEE Std 802.3™=42015 as amended by IEEE 802.3bw™-2015.)

NOTE—The editing instructions contained in this amendment define how to merge the material contained therein into
the existing base standard and its amendmentsito 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 existidg material. Insert adds new material without disturbing the existing material. Deletions
and insertions may requir€ reriumbering. 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 instruetions, change markings, and this NOTE will not be carried over into future editions because the
changes will be ificorporated into the base standard.!

Cross referénces that refer to clauses, tables, equations, or figures not covered by this amendment are highlighted in
green.

INotes 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

1.1 Overview

1.1.3 Architectural perspectives
1.1.3.2 Compatibility interfaces
Insert the following compatibility interface definitions after item h) in the lettered list:

1) 25 Gigabit Media Independent Interface (25GMII). The 25GMII is designed to connect a 25'Gb/s
capable MAC to a 25 Gb/s PHY. While conformance with implementation of this interface is not
necessary to ensure communication, it allows flexibility in intermixing PHY's and DTEs at 25 Gb/s
speeds. The 25GMII is a logical interconnection intended for use as an intra-chip, mterface. No
mechanical connector is specified for use with the 25GMII. The 25GMII is optiofial:

1) 25 Gigabit Attachment Unit Interface (25GAUI). The 25GAUI is a physical instantiation of the
PMA service interface to extend the connection between 25 Gb/s(capable PMAs. While
conformance with implementation of this interface is not necessary to ‘efisure communication, it is
recommended, since it allows maximum flexibility in intermixing PHYs and DTEs at 25 Gb/s
speeds. The 25GAUI is intended for use as a chip-to-chip ,of_a ‘chip-to-module interface. No
mechanical connector is specified for use with the 25GAUI. Th&25GAUI is optional.

1.3 Normative references
Insert the following references in alphanumeric order:

SFF-8402, Rev 1.1, September 13, 2014, Specification for SFP+ 1X 28 Gb/s Pluggable Transceiver Solution
(SFP28).

SFF-8432, Rev 5.1, August 8, 2012, Specifisation for SFP+ Module and Cage.

SFF-8665, Rev 1.9, June 29, 2015, Specification for QSFP+ 28 Gb/s 4X Pluggable Transceiver Solution
(QSFP28).

Remove the footnote number from the SFF-8436 reference as shown:

SFF-8436, Rev 4.1, August 24, 2011, Specification for QSFP+ 10 Gbs 4X Pluggable Transceiver.”

1.4 Definitions
Insert.the following new definitions into the list after 1.4.64 10/10G-EPON:

1.4.,64a 25GBASE: A family of Physical Layer entities for 25 Gb/s operation. (See IEEE Std 802.3,
Clause 105.)

1.4.64b 25GBASE-CR: IEEE 802.3 Physical Layer specification for 25 Gb/s using 25GBASE-R encoding
over one lane of twinaxial copper cable. (See IEEE Std 802.3, Clause 110.)

2SFF specifications are available at ftp://ftp.seagate.com/sff.
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1.4.64c 25GBASE-CR-S: IEEE 802.3 Physical Layer specification equivalent to 25GBASE-CR without
support for the RS-FEC sublayer specified in Clause 108. (See IEEE Std 802.3, Clause 110.)

1.4.64d 25GBASE-KR: IEEE 802.3 Physical Layer specification for 25 Gb/s using 25GBASE-R encoding

over one lane of an electrical backplane. (See IEEE Std 802.3, Clause 111.)

1.4.64e 25GBASE-KR-S: IEEE 802.3 Physical Layer specification equivalent to 25GBASE-KR without
support for the RS-FEC sublayer specified in Clause 108. (See IEEE Std 802.3, Clause 111.)

1.4.64f 25GBASE-R: An IEEE 802.3 physical coding sublayer for one-lane 25 Gb/s operation. (Se€
IEEE Std 802.3, Clause 107.)

1.4.64g 2SGBASE-SR: IEEE 802.3 Physical Layer specification for 25 Gb/s using 25GBASE-R‘\encoding
over multimode fiber. (See IEEE Std 802.3, Clause 112.)

Insert the following new definitions into the list after 1.4.77 10 Gigabit Sixteen-Bit Interface (XSBI):

1.4.77a 25 Gigabit Attachment Unit Interface (25GAUI): A physical instantiation of the Physical
Medium Attachment (PMA) service interface to extend the connection between 25,Gb/s capable PMAs over
one lane, used for chip-to-chip or chip-to-module interconnections. (See IEEE\Std 802.3, Annex 109A and
Annex 109B.)

1.4.77b 25 Gigabit Media Independent Interface (25GMII): The)interface between the Reconciliation
Sublayer (RS) and the Physical Coding Sublayer (PCS) for.25)Gb/s operation. (See IEEE Std 802.3,
Clause 106.)

Change 1.4.107 as follows.

1.4.107 BASE-R: An IEEE 802.3 family of Physical Layer devices using the 64B/66B encoding defined in
Clause 49,-er Clause 82, or Clause 107. (See IEEE'Std 802.3, Clause 49,-and Clause 82, or Clause 107.)

Change 1.4.134 as follows:

1.4.134 channel: In 10BROAD36;.2"band of frequencies dedicated to a certain service transmitted on the

broadband medium. Otherwise,.4 defined path along which data in the form of an electrical or optical signal
passes. (For 10BROAD36, sSee IEEE Std 802.3, Clause 11.)

1.5 Abbreviations

Insert the following new abbreviations into the list, in alphanumeric order:

25GAUL 25 Gigabit Attachment Unit Interface
25GMI 25 Gigabit Media Independent Interface
c2€ chip-to-chip
@2M chip-to-module
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4. Media Access Control

4.4 Specific implementations

4.4.2 MAC parameters

Change Table 4-2 to add 25 Gb/s as follows:

Table 4-2—MAC parameters

MAC data rate

Farameters Iiinllltn(l)d?::g 1Gbs 10 Gb/s Zoahie. 40 Sb/s,
100 Mb/s

slotTime 512 bit times 4096 bit times not applicable not applicable
interPacketGap?® 96 bits 96 bits 96 bits 96 bits
attemptLimit 16 16 not applicable not applicable
backoffLimit 10 10 notapplicable not applicable
jamSize 32 bits 32 bits not applicable not applicable
maxBasicFrameSize 1518 octets 1518 octets 1518 octets 1518 octets

maxEnvelopeFrameSize

2000 octets

2000 octets

2000 octets

2000 octets

minFrameSize 512 bits (64 octets) | 512 bits (64 octets) | 512 bits (64 octets) | 512 bits (64 octets)
burstLimit not applicable 65 536 bits not applicable not applicable
ipgStretchRatio not applicable not applicable 104 bits not applicable

#References to interFrameGap or interFrameSpaeing in other clauses (e.g., 13, 35, and 42) shall be interpreted as

interPacketGap.

Change Note 4 as follows:

NOTE 4—For 10 Gb/s_and 25 Gb/s operation, the spacing between two packets, from the last bit of the FCS field of the
first packet to the first bit of the Preamble of the second packet, can have a minimum value of 40 BT (bit times), as
measured at the XGMII or 25GMII receive signals at the DTE. This interpacket gap shrinkage may be caused by
variable network(délays and clock tolerances.
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30. Management

30.3 Layer management for DTEs

30.3.2 PHY device managed object class
30.3.2.1 PHY device attributes
30.3.2.1.2 aPhyType

Insert the following new entry in APPROPRIATE SYNTAX before the entry for 40GBASE-R"in
30.3.2.1.2:

APPROPRIATE SYNTAX:

25GBASE-R Clause 107 25 Gb/s 64B/66B

30.3.2.1.3 aPhyTypelList

Insert the following new entry in APPROPRIATE SYNTAX before the entry for 40GBASE-R in
30.3.2.1.3:

APPROPRIATE SYNTAX:

25GBASE-R Clause 107 25 Gb/s64B/66B

30.3.2.1.5 aSymbolErrorDuringCarrier
Change the fourth paragraph in BEHAVIOUR DEFINED AS in 30.3.2.1.5 as follows:
BEHAVIOUR DEFINED AS:

For operation at 10,Gb/s, 25 Gb/s, 40 Gb/s, and 100 Gb/s, it is a count of the number of times the
receiving media.ismon-idle (the time between the Start of Packet Delimiter and the End of Packet
Delimiter as(defined by 46.2.5 and 81.2.5) for a period of time equal to or greater than
minFrameSize, and during which there was at least one occurrence of an event that causes the PHY
to indiCate “Receive Error” on the media independent interface XGMH-(see Table 464 and

Table-81-3)-the XEGMH-or the CGMH{see Table 81-3).

30.5’Layer management for medium attachment units (MAUs)
30.5.1 MAU managed object class
30.5.1.1 MAU attributes

30.5.1.1.2 aMAUType

Insert the following new entries in APPROPRIATE SYNTAX before the entry for 40GBASE-R in
30.5.1.1.2:

31
Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved



https://standardsiso.com/api/?name=4f3627ef0f3caf579a165373f2aab08b

ISO/IEC/IEEE 8802-3:2017 /Amd.2:2017(E)

IEEE Std 802.3by-2016
|IEEE Standard for Ethernet—Amendment 2: Media Access Control Parameters,
Physical Layers, and Management Parameters for 25 Gb/s Operation

APPROPRIATE SYNTAX:

25GBASE-R PCS as specified in Clause 107 with PMA as specified in
Clause 109 over undefined PMD

25GBASE-CR 25GBASE-R PCS/PMA over shielded balanced copper cable PMD as
specified in Clause 110

25GBASE-CR-S 25GBASE-R PCS/PMA over shielded balanced copper cable PMD as
specified in Clause 110 without support for RS-FEC

25GBASE-KR 25GBASE-R PCS/PMA over an electrical backplane PMD as specified
in Clause 111

25GBASE-KR-S 25GBASE-R PCS/PMA over an electrical backplane PMD as specified
in Clause 111 without support for RS-FEC

25GBASE-SR 25GBASE-R PCS/PMA over multimode fiber PMD as specified

in Clause 112

Change BEHAVIOUR DEFINED AS in 30.5.1.1.2 as follows:

BEHAVIOUR DEFINED AS:
Returns a value that identifies the internal MAU type. If an AU is'to be identified to access an
external MAU, the type “AUI” is returned. A SET operation to‘one of the possible enumerations
indicated by aMAUTypeList will force the MAU into th€ ngw operating mode. If a Clause 22 MII
or Clause 35 GMII is present, then this will map to the-iiode force bits specified in 22.2.4.1. If a
Clause 45 MDIO Interface is present, then this will‘inap to the PCS type selection bit(s) in the
10G WIS Control 2 register specified in 45.2.2¢0.6,the PCS Control 2 register specified in
45.2.3.6.1, the PMA/PMD type selection bits’in the PMA/PMD Control 2 register specified in
45.2.1.6, the PMA/PMD control 1 register specified in 45.2.1.1, the 25G RS-FEC Enable bit in the
RS-FEC control register specified in 45.2+1.101.a, and the PCS control 1 register 45.2.3.1. If
Clause 28, Clause 37, or Clause 73 Auto-Negotiation is operational, then this will change the
advertised ability to the single enutheration specified in the SET operation, and cause an
immediate link renegotiation. A change in the MAU type will also be reflected in aPHY Type.

The enumerations 1000BASE-X, 1000BASE-XHD, 1000BASE-XFD, 10GBASE-X,
10GBASE-R, 10GBASE-W, 25GBASE-R, 40GBASE-R, and 100GBASE-R shall only be
returned if the undérlying PMD type is unknown.;

30.5.1.1.4 aMediaAvailable

Change the first,sentence of the eighth paragraph in BEHAVIOUR DEFINED AS in 30.5.1.1.4 as
follows:

BEHANIOUR DEFINED AS:

For 10 Gb/s and 25 Gb/s the enumerations map to value of the link_fault variable within the Link
Fault Signaling state diagram (Figure 46—11) as follows: the value OK maps to the enumeration
“available”, the value Local Fault maps to the enumeration “not available” and the value
Remote Fault maps to the enumeration “remote fault”.

30.5.1.1.15 aFECADility

Change the first sentence of BEHAVIOUR DEFINED AS in 30.5.1.1.15 as follows:

BEHAVIOUR DEFINED AS:
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A read-only value that indicates if the PHY supports an eptienal FEC sublayer for forward error
correction (see 65.2, and Clause 74, Clause 91, and Clause 108) ersupperts-the-Clause- 9+
mandatery RS-FEC.

30.5.1.1.16 aFECMode
Change APPROPRIATE SYNTAX in 30.5.1.1.16 as follows:

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that meets the requirement of the description below

unknown initializing, true state not yet known
disabled FEC disabled

BASE-R enabled BASE-R FEC enabled

RS-FEC enabled RS-FEC enabled

enabled FEC enabled

Change BEHAVIOUR DEFINED AS in 30.5.1.1.16 as follows:

BEHAVIOUR DEFINED AS:
A read-write value that indicates the mode of operation of the éptienal FEC sublayer for forward
error correction (see 65.2, and Clause 74, Clause 91, and Clausé 108).

A GET operation returns the current mode of operation-0f the PHY. A SET operation changes the
mode of operation of the PHY to the indicated valug, The enumerations “BASE-R enabled” and
“RS-FEC enabled” are only used for 25GBASE-CR, 25GBASE-CR-S, 25GBASE-KR, and
25GBASE-KR-S PHYs where operation in thé ho-FEC mode maps to the enumerations
“disabled”, operation in the BASE-R FECunode maps to the enumerations “BASE-R enabled”,
and operation in the RS-FEC mode maps.to the enumerations “RS-FEC enabled” (see 110.6 and
111.6).

When Clause 73 Auto-Negotiation is enabled for a 25GBASE-R PHY, a SET operation is not
allowed and a GET operatienimaps to the variables FEC enable in Clause 74 and FEC_enable in
Clause 108. When Clause\73 Auto-Negotiation is enabled for anon-25GBASE-R PHY supporting
Clause 74 FEC a SEI{gperation is not allowed and a GET operation maps to the variable
FEC_enable in Clause 74.

If a Clause 45.MDIO Interface is present, then this attribute maps to the FEC control register (see
45.2.8.3)for I000BASE-PX, to the BASE-R FEC control register (see 45.2.1.93) and the 25G RS-
FEC/Enable bit in the RS-FEC control register (see 45.2.1.101) for 25GBASE-R, or FEC enable

bitin BASE-R FEC control register (see 45.2.1.93).;

30.5.11:17 aFECCorrectedBlocks
Change APPROPRIATE SYNTAX in 30.5.1.1.17 as follows:

APPROPRIATE SYNTAX:
A SEQUENCE of generalized nonresettable counters. Each counter has a maximum increment
rate of 1 200 000 counts per second for 1000 Mb/s implementations, 5 000 000 counts per second
for 10 Gb/s, 25 Gb/s, and 40 Gb/s implementations, and 2 500 000 counts per second for 100 Gb/s

Tmpienemtations:
Change the first sentence of BEHAVIOUR DEFINED AS in 30.5.1.1.17 as follows:
BEHAVIOUR DEFINED AS:

33
Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved



https://standardsiso.com/api/?name=4f3627ef0f3caf579a165373f2aab08b

ISO/IEC/IEEE 8802-3:2017 /Amd.2:2017(E)

IEEE Std 802.3by-2016
|IEEE Standard for Ethernet—Amendment 2: Media Access Control Parameters,
Physical Layers, and Management Parameters for 25 Gb/s Operation

For 1000BASE-PX, 10/25/40/100GBASE-R, 100GBASE-P, 10GBASE-PR, or
10/1GBASE-PRX PHYs, an array of corrected FEC block counters.

30.5.1.1.18 aFECUncorrectableBlocks

Change APPROPRIATE SYNTAX in 30.5.1.1.18 as follows:

APPROPRIATE SYNTAX:
A SEQUENCE of generalized nonresettable counters. Each counter has a maximum increment
rate of 1 200 000 counts per second for 1000 Mb/s implementations, and 5 000 000 counts per
second for 10 Gb/s, 25 Gb/s, and 40 Gb/s implementations, and 2 500 000 counts per second ‘for
100 Gb/s implementations.

Change the first sentence of BEHAVIOUR DEFINED AS in 30.5.1.1.18 as follows:

BEHAVIOUR DEFINED AS:
For 1000BASE-PX, 10/25/40/100GBASE-R, 100GBASE-P, I0GBASE-PR -0t 10/l GBASE-
PRX PHYs, an array of uncorrectable FEC block counters.

30.6 Management for link Auto-Negotiation
30.6.1 Auto-Negotiation managed object class
30.6.1.1 Auto-Negotiation attributes

30.6.1.1.5 aAutoNegLocalTechnologyAbility

Insert 25GR-S and 25GR after 10GBASE-KRFD, aitd\RS-FEC25G Req and BASE-RFEC25G Req after
FEC Requested in APPROPRIATE SYNTAX, in-30.6.1.1.5 as follows:

APPROPRIATE SYNTAX:

25GR-S 25GBASE-CR-S as specified in Clause 110 or 25GBASE-KR-S as
spécified in Clause 111
25GR 25GBASE-CR as specified in Clause 110 or 25GBASE-KR as

specified in Clause 111

RS-FEC25GRgq 25G RS-FEC requested as specified in Clause 73 (see 73.6.5) and
Clause 108
BASESRFEC25G Req 25G BASE-R FEC requested as specified in Clause 73 (see 73.6.5)
and Clause 74
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45. Management Data Input/Output (MDIO) Interface

45.2 MDIO Interface Registers

45.2.1 PMA/PMD registers
Change the first sentence of 45.2.1 as follows:

For devices operating at 25 40-Gb/s or higher speeds, the PMA may be instantiated as multiple sublayers
(see 83.1.4 and 109.1.4 for how MMD addresses are allocated to multiple PMA sublayers).

Change the identified reserved row in Table 45-3 (as modified by IEEE Std 802.3bw-2015) and‘insert a
new row immediately above the changed row as follows (unchanged rows not shown):

Table 45-3—PMA/PMD registers

Register address Register name Subclause
1.19 25G PMA/PMD extended ability 45.2.1.14b
1.4920 through 1.29 Reserved

Change the rows in Table 45-3 for registers 1.172 through™I:175 and 1.179 through 1.187 (unchanged
rows not shown):

Table 45-3—PMA/PMD registers

Register address Register name Subclause

1.172 through 1.173 Sirigle-lane  PHY +6GBASE-R FEC corrected | 45.2.1.94
blocks counter

1.174 through 1.175 Single-lane PHY $8GBASE-R FEC uncorrected | 45.2.1.95
blocks counter

1.179 CAUI-4 ehip-to-medule C2M and 25GAUI C2M | 45.2.1.96
recommended CTLE

1.180 25GAUI C2C and lane 0 CAUI-4 C2C transmitter | 45.2.1.97
equalization, receive direction

180181 through 1.183 CAUI-4 chip-to-chip transmitter equalization, | 452497
receive direction, lane © 1 through lane 3 45.2.1.98

1.184 25GAUI C2C and lane 0 CAUI-4 C2C transmitter | 45.2.1.99
equalization, transmit direction

1.484185 through 1.187 CAUI-4 chip-to-chip transmitter equalization, | 452499
transmit direction, lane 8 1 through lane 3 45.2.1.100

35

Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved



https://standardsiso.com/api/?name=4f3627ef0f3caf579a165373f2aab08b

ISO/IEC/IEEE 8802-3:2017 /Amd.2:2017(E)

IEEE Std 802.3by-2016
|IEEE Standard for Ethernet—Amendment 2: Media Access Control Parameters,
Physical Layers, and Management Parameters for 25 Gb/s Operation

45.2.1.1 PMA/PMD control 1 register (Register 1.0)

Change the indicated row of Table 45—4 for 25 Gb/s speed selection as follows (unchanged rows not

shown):
Table 45-4—PMA/PMD control 1 register bit definitions
Bit(s) Name Description R/W?
1.0.5:2 Speed selection 5432 R/W.
1 x x x = Reserved
x+xx—TReserved

011 x=Reserved
0101=Reserved
0100=25Gb/s

001 1=100Gb/s
0010=40Gb/s

000 1=10PASS-TS/2BASE-TL
0000=10Gb/s

4R/W = Read/Write, SC = Self-clearing, RO = Read only

45.2.1.1.3 Speed selection (1.0.13, 1.0.6, 1.0.5:2)
Change the first sentence of the last paragraph of 45.2.1.1.3as follows:

When bits 5 through 2 are set to 0010 the use of a 40GPMA/PMD is selected; when set to 0011 the use of a
100G PMA/PMD is selected; when set to 0100 the use of a 25G PMA/PMD is selected.

45.2.1.2 PMA/PMD status 1 register (Register 1.1)
45.2.1.2.3 Fault (1.1.7)
Change 45.2.1.2.3 as follows:

Fault is a global PMA/PMD variable. When read as a one, bit 1.1.7 indicates that either (or both) the PMA or
the PMD has detected a faplt‘condition on either the transmit or receive paths. When read as a zero, bit 1.1.7
indicates that neither the PMA nor the PMD has detected a fault condition. For 10/25/40/100 Gb/s operation,
bit 1.1.7 is set to a one when either of the fault bits (1.8.11, 1.8.10) located in register 1.8 are set to a one. For
10PASS-TS or/2BASE-TL operations, when read as a one, a fault has been detected and more detailed
information 1§ conveyed in 45.2.1.19, 45.2.1.42, 45.2.1.43, and 45.2.1.58.
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45.2.1.4 PMA/PMD speed ability (Register 1.4)

Change the row for 1.4.15:10 in Table 45-6 as follows (unchanged rows not shown):

Table 45-6—PMA/PMD speed ability register bit definitions

Bit(s) Name Description R/W?
+44540 Reserved for future speeds | Value always 0 RO
1.4.15:12
1.4.11 25G capable 1 =PMA/PMD is capable of operating at 25 Gb/s RO

0=PMA/PMD is not capable of operating at 25 Gb/s

1.4.10 Reserved Value always 0 RO
4RO = Read only

Insert new subclause 45.2.1.4.a before 45.2.1.4.1 as follows:

45.2.1.4.a 25G capable (1.4.11)

When read as a one, bit 1.4.11 indicates that the PMA/PMD is.able to operate at a data rate of 25 Gb/s.
When read as a zero, bit 1.4.11 indicates that the PMA/PMD is not-able to operate at a data rate of 25 Gb/s.

45.2.1.6 PMA/PMD control 2 register (Register 1.7)

Change the indicated row of Table 45-7 (as modified by IEEE Std 802.3bw-2015) for 25G PMA/PMD
selection as follows (unchanged rows not shown):

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

Bit(s) Name Description R/W?

1.7.5:0 | PMA/PMD type selections | 543210 R/W

reserved

25GBASE-SR PMA/PMD

25GBASE-KR or 25GBASE-KR-S PMA/PMD
25GBASE-CR or 25GBASE-CR-S PMA/PMD

oo = |—
O |— 1o |
g

4R/W = Read/Write, RO = Read only
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45.2.1.7 PMA/PMD status 2 register (Register 1.8)

45.2.1.7.4 Transmit fault (1.8.11)

Insert the following rows between 10GBASE-KX4 and 40GBASE-KR4 in Table 45-9 (unchanged rows not
shown):

Table 45-9—Transmit fault description location

PMA/PMD Description location
25GBASE-KR, 25GBASE-KR-S 111.7.8
25GBASE-CR, 25GBASE-CR-S 110.7.8
25GBASE-SR 112.5.8

45.2.1.7.5 Receive fault (1.8.10)

Insert the following rows between 10GBASE-KX4 and 40GBASE-KR4 iw Table 45-10 (unchanged rows not
shown):

Table 45-10—Receive fault description location

PMA/PMD Description location
25GBASE-KR, 25GBASE-KR=S 111.7.9
25GBASE-CR, 25GBASEZCR-S 110.7.9
25GBASE-SR 112.5.9

45.2.1.8 PMD transmit disahle register (Register 1.9)

Insert the following rows between 10GBASE-KX4 and 40GBASE-KR4 in Table 45-12 (unchanged rows not
shown):

Table 45-12—Transmit disable description location

PMA/PMD Description location
25GBASE-KR and 25GBASE-KR-S 111.7.5
25GBASE-CR and 25GBASE-CR-S 110.7.5
25GBASE-SR 112.5.6
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45.2.1.10 PMA/PMD extended ability register (Register 1.11)

Change the row for 1.11.15:12 of Table 45-14 (as modified by IEEE Std 802.3bw-2015) as follows
(unchanged rows not shown):

Table 45-14—PMA/PMD Extended Ability register bit definitions

Bit(s) Name Description R/W?
HHAS2 Reserved Value always 0 RO
1.11.15:13
1.11.12 25G extended abilities

1 =PMA/PMD has 25G extended abilities listed in register.‘| | RO
1.19

0=PMA/PMD does not have 25G extended abilities

#RO = Read only

Insert a new subclause 45.2.1.10.aa before 45.2.1.10.a (as inserted by \NEEE Std 802.3bw-2015) as
follows:

45.2.1.10.aa 25G extended abilities (1.11.12)

When read as a one, bit 1.11.12 indicates that the PMA/PMD.has 25G extended abilities listed in register
1.19. When read as a zero, bit 1.11.12 indicates that the PMA/PMD does not have 25G extended abilities.

45.2.1.14 EEE capability (Register 1.16)

Change the row for 1.16.7:2 of Table 4517 as follows (unchanged rows not shown):

Table 45-17—EEE capability register bit definitions

Bit(s) Name Description R/W2
+16:72 | Reserved Value always 0 RO
1.16.7:3
1.16.2 25GBASE-R deep sleep 1 = EEE deep sleep is supported for 25GBASE-R RO

0 = EEE deep sleep is not supported for 25GBASE-R

4RO = Read only

IuSert'new subclause 45.2.1.14.4a before 45.2.1.14.5 as follows:

45.2.1.14.4a 25GBASE-R deep sleep (1.16.2)

If the device supports EEE deep sleep operation for 25GBASE-R, bit 1.16.2 shall be set to a one; otherwise
this bit is set to a zero.
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Insert 45.2.1.14b and 45.2.1.14b.1 through 45.2.1.14b.5 after 45.2.1.14a as inserted Dby
IEEE Std 802.3bw-2015 as follows:

45.2.1.14b 25G PMA/PMD extended ability register (Register 1.19)

The assignment of bits in the 25G PMA/PMD extended ability register is shown in Table 45—17b.

Table 45-17b—25G PMA/PMD extended ability register bit definitions

Bit(s) Name Description R/W2
1.19.15:5 Reserved Value always 0 RO
1.19.4 25GBASE-SR ability 1 =PMA/PMD is able to perform 25GBASE-SR RO

0 =PMA/PMD is not able to perform 25GBASE-SR

1.19.3 25GBASE-CR ability 1 =PMA/PMD is able to perform 25GBASE-CKR RO
0=PMA/PMD is not able to perform 25GBASE-CR

1.19.2 25GBASE-CR-S ability 1 =PMA/PMD is able to perform 25GBASE-CR-S RO
0=PMA/PMD is not able to perfornn25GBASE-CR-S

1.19.1 25GBASE-KR ability 1 =PMA/PMD is able to perform 25GBASE-KR RO
0 =PMA/PMD is not able to‘perform 25GBASE-KR

1.19.0 25GBASE-KR-S ability 1 =PMA/PMD is able to-perform 25GBASE-KR-S RO
0 =PMA/PMD is not able to perform 25GBASE-KR-S

4RO = Read only

45.2.1.14b.1 25GBASE-SR ability (1.19.4)

When read as a one, bit 1.19.4 indicates that the PMA/PMD is able to operate as a 25GBASE-SR
PMA/PMD type. When read as a zero, bit 1.19.4 indicates that the PMA/PMD is not able to operate as a
25GBASE-SR PMA/PMD type.

45.2.1.14b.2 25GBASE-CR:ability (1.19.3)

When read as a one, bit:\1719.3 indicates that the PMA/PMD is able to operate as a 25GBASE-CR
PMA/PMD type. Whenread as a zero, bit 1.19.3 indicates that the PMA/PMD is not able to operate as a
25GBASE-CR PMA/PMD type.

45.2.1.14b.3 25GBASE-CR-S ability (1.19.2)

When. read as a one, bit 1.19.2 indicates that the PMA/PMD is able to operate as a 25GBASE-CR-S
PMA/PMD type. When read as a zero, bit 1.19.2 indicates that the PMA/PMD is not able to operate as a
25GBASE-CR-S PMA/PMD type.

45.2.1.14b.4 25GBASE-KR ability (1.19.1)

When read as a one, bit 1.19.1 indicates that the PMA/PMD is able to operate as a 25GBASE-KR
PMA/PMD type. When read as a zero, bit 1.19.1 indicates that the PMA/PMD is not able to operate as a

25GBASE-KK PMA/PMD type.
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45.2.1.14b.5 25GBASE-KR-S ability (1.19.0)

When read as a one, bit 1.19.0 indicates that the PMA/PMD is able to operate as a 25GBASE-KR-S
PMA/PMD type. When read as a zero, bit 1.19.0 indicates that the PMA/PMD is not able to operate as a

25GBASE-KR-S PMA/PMD type.

45.2.1.80 BASE-R PMD control register (Register 1.150)

Change the first sentence of 45.2.1.80 as follows:

The BASE-R PMD control register is used for I0GBASE-KR and other PHY types using the PMDs

described in Clause 72, Clause 84, Clause 85, Clause 92, Clause 93, er Clause 94, Clause 110, or
Clause 111.

45.2.1.81 BASE-R PMD status register (Register 1.151)
Change the first sentence of 45.2.1.81 as follows:

The BASE-R PMD status register is used for I0GBASE-KR and other PHY typés using the PMDs described
in Clause 72, Clause 84, Clause 85, Clause 92, Clause 93, e Clause 94, ClauséA10, or Clause 111.

45.2.1.82 BASE-R LP coefficient update, lane 0 register (Register 1.152)
Change the first sentence of 45.2.1.82 as follows:
The BASE-R LP coefficient update, lane 0 register is used’for-10GBASE-KR and other PHY types using the

PMDs described in Clause 72, Clause 84, Clause 85,4Clause 92, Clause 93, er Clause 94, Clause 110, or
Clause 111.

45.2.1.83 BASE-R LP status report, lane 0.register (Register 1.153)
Change the first sentence of 45.2.1.83 as_follows:
The BASE-R LP status report, lane, 0 register is used for I0GBASE-KR and other PHY types using the

PMDs described in Clause 725 Clause 84, Clause 85, Clause 92, Clause 93, er Clause 94, Clause 110, or
Clause 111.

45.2.1.84 BASE-R LD_coefficient update, lane 0 register (Register 1.154)
Change the firstsentence of 45.2.1.84 as follows:
The BASE=R-LD coefficient update, lane 0 register is used for I0GBASE-KR and other PHY types using

the PMDs described in Clause 72, Clause 84, Clause 85, Clause 92, Clause 93, ox Clause 94, Clause 110, or
Cladse,111.

45.2.1.85 BASE-R LD status report, lane 0 register (Register 1.155)
Change the first sentence of 45.2.1.85 as follows:

The BASE-R LD status report, lane 0 register is used for I0GBASE-KR and other PHY types using the

PMDsdescribed T Clause 72 Clause 84 Chanse 85 Clause 92 Clause 93 or Clause 94, Clause 16 or

Clause 111.
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Change the subclause title, the first sentence of 45.2.1.94, and the title of Table 45-74 as follows:

45.2.1.94 Single-lane PHY 46GBASE-R FEC corrected blocks counter (Register 1.172, 1.173)

The assignment of bits in the single-lane PHY +H8GBASE-R FEC corrected blocks counter register is shown
in Table 45-74.

Table 45-74—Single-lane PHY 40GBASE-R FEC corrected blocks
counter register bit definitions

Change the subclause title, the first sentence of 45.2.1.95, and the title of Table 45-75 as follows:

45.2.1.95 Single-lane PHY 486GBASE-R FEC uncorrected blocks counter (Register 1¢174,
1.175)

The assignment of bits in the single-lane PHY +06GBASE-R FEC uncorrected blockscounter register is
shown in Table 45-75.

Table 45-75—Single-lane PHY 40GBASE-R FEC uncorrected blocks
counter register bit definitions

Change the subclause title, the first sentence of 45.2.1.96, and the title’of-1able 45-76 as follows:

45.2.1.96 CAUI-4 ehip-te-meduleC2M and 25GAUI C2M recommended CTLE register
(Register 1.179)

The assignment of bits in the CAUI-4 ehip-te-medule C2M and 25GAUI C2M recommended CTLE register
is shown in Table 45-76.

Table 45-76—CAUI-4 ehip-to-medule C2M and 25GAUI C2M recommended
CTLE register bit definitions

45.2.1.96.1 Recommended CTLE peaking (1.179.4:1)
Change the first sentence of 45.2.1:.96.1 as follows:

The value of these bits sets.the CTLE peaking value recommended by a host that implements the optional
CAUI-4 ehip-to-meduleC2M and 25GAUI C2M interface defined in Annex 83E and Annex 109B,

respectively (see 83E,3.40).

Change the subclause title, the first sentence of 45.2.1.97, the title of Table 45-77 and the subclauses of
45.2.1.97 as follows:

45.2.1:97 25GAUI C2C and lane 0 CAUI-4 ehip-te-ehipC2C transmitter equalization, receive
direction;-lane-0 register (Register 1.180)

The assignment of bits in the 25GAUI C2C and lane 0 CAUI-4 ehip-te-ehipC2C transmitter equalization,
receive direction;tane-0 register is shown in Table 45-77.

Table 45-77—25GAUI C2C and lane 0 CAUI-4 ehip-te-ehipC2C transmitter equalization,
receive directionHane-8 register bit definitions
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45.2.1.97.1 Request flag (1.180.15)

The value of this bit indicates the value of the variable Request flag in the 25GAUI or lane 0 CAUI-4
receiver in the receive direction (see 83D.3.3.2). This indicates whether the 25GAUI or CAUI-4 ehip-to-

ehipC2C device is issuing a request to change the remote transmitter equalization in the 25GAUI or lane 0
CAUI-4 ehip-to-ehip-lane-8 C2C transmitter in the receive direction. If a 25GAUI or lane 0 CAUI-4 receiver
in the receive direction is not present in the package, then the value returned for this bit should be zero.

45.2.1.97.2 Post-cursor request (1.180.14:12)

The value of these bits indicates the value of the variable Requested eq cl in the 25GAUI or lane 0 CAUI-
4 receiver in the receive direction (see 83D.3.3.2). When Request_flag is equal to 1, this value indicates the
ratio of the post-cursor coefficient c(1), which is requested for the transmitter equalization in the 23GAUI or
lane 0 CAUI-4 ehip-te-chiptane-0 C2C transmitter in the receive direction.

45.2.1.97.3 Pre-cursor request (1.180.11:10)

The value of these bits indicates the value of the variable Requested eq cml i the 25GAUI or lane 0
CAUI-4 receiver in the receive direction (see 83D.3.3.2). When Request flags/is¢equal to 1, this value indi-
cates the ratio of the pre-cursor coefficient c(—1), which is requested for thé\trahsmitter equalization in the
25GAUI or lane 0 CAUI-4 ehip-to-ehiplane8 C2C transmitter in the recéive'direction.

45.2.1.97.4 Post-cursor remote setting (1.180.9:7)

The value of these bits sets the variable Remote_eq cl for the 25GAUI or lane 0 CAUI-4 receiver in the
receive direction (see 83D.3.3.2). This is used by a 25GAUI or CAUI-4 receiver that implements the
optional transmitter equalization feedback as an indication of the ratio of the post-cursor coefficient c(1)
being used in the 25GAUI or lane 0 of the CAUI-4\ransmitter in the receive direction (see 83D.3.1.1). It
may be used to generate values for the request flag and the request bits. If a 2SGAUI or lane 0 CAUI-4
receiver in the receive direction is not present in‘the package, then these bits have no effect.

45.2.1.97.5 Pre-cursor remote setting(1.180.6:5)

The value of these bits sets the variable Remote _eq cml for the 25GAUI or lane 0 CAUI-4 receiver in the
receive direction (see 83D.3.3,2)) This is used by a 25GAUI or CAUI-4 receiver that implements the
optional transmitter equalization feedback as an indication of the ratio of the pre-cursor coefficient c(—1)
being used in the 25GAURor lane 0 of the CAUI-4 transmitter in the receive direction (see 83D.3.1.1). It
may be used to generatevalues for the request flag and the request bits. If a 25GAUI or lane 0 CAUI-4
receiver in the receive direction is not present in the package, then these bits have no effect.

45.2.1.97.6 Post-cursor local setting (1.180.4:2)

The value of these bits sets the variable Local eq cl for the 25GAUI or lane 0 CAUI-4 transmitter in the
receive direction (see 83D.3.1.1 and Table 83D-3), which controls the weight of the transmitter equalization
postrcursor coefficient ¢(1). If a 25GAUI or lane 0 CAUI-4 transmitter in the receive direction is not present
in the package, then these bits have no effect.

45.2.1.97.7 Pre-cursor local setting (1.180.1:0)

The value of these bits sets the variable Local _eq cm1 for the 25GAUI or lane 0 CAUI-4 transmitter in the

TCCTIVE TITECHOMN (SCC 0310 3- 1.1 ald 1 abie 83 D=2 ), WITICIT COIMTots the weTgit of the transiter equatization
precursor coefficient c(—1). If a 25GAUI or lane 0 CAUI-4 transmitter in the receive direction is not present
in the package, then these bits have no effect.
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Change the subclause title, the first sentence of 45.2.1.99, the title of Table 45-78, and 45.2.1.99.1 through
45.2.1.99.7 as follows:

45.2.1.99 25GAUI C2C and lane 0 CAUI-4 ehip-te-ehipC2C transmitter equalization, transmit

direction;-lane-0 register (Register 1.184)

The assignment of bits in the 25GAUI C2C and lane 0 CAUI-4 ehip-te-ehipC2C transmitter equalization,
transmit direction;1ane-0 register is shown in Table 45-78.

Table 45-78—25GAUI C2C and lane 0 CAUI-4 ehip-te-ehipC2C transmitter equalization,
transmit direction-Hane-8 register bit definitions

45.2.1.99.1 Request flag (1.184.15)

The value of this bit indicates the value of the variable Request flag in the 25GAUI orylane 0 CAUI-4
receiver in the transmit direction (see 83D.3.3.2). This indicates whether the 25GAUL0r \CAUI-4 ehip-to-
ehipC2C device is issuing a request to change the remote transmitter equalization in(the25GAUI or lane 0
CAUI-4 ehip-te-chiptane—0 C2C transmitter in the transmit direction. If a 25GAUI or lane 0 CAUI-4
receiver in the transmit direction is not present in the package, then the value rétarned for this bit should be
Zero.

45.2.1.99.2 Post-cursor request (1.184.14:12)

The value of these bits indicates the value of the variable Requestéd eq cl in the 25GAUI or lane 0 CAUI-
4 receiver in the transmit direction (see 83D.3.3.2). When Regriest flag is equal to 1, this value indicates the
ratio of the post-cursor coefficient c(1), which is requested forthe transmitter equalization in the 25GAUI or
lane 0 CAUI-4 ehip-to-chiptane- C2C transmitter in the\transmit direction.

45.2.1.99.3 Pre-cursor request (1.184.11:10)

The value of these bits indicates the value~of the variable Requested eq cml in the 25GAUI or lane 0
CAUI-4 receiver in the transmit direction“(see 83D.3.3.2). When Request flag is equal to 1, this value
indicates the ratio of the pre-cursor ceefficient c(—1), which is requested for the transmitter equalization in
the 25GAUI or lane 0 CAUI-4 ehip=to-ehiplane0 C2C transmitter in the transmit direction.

45.2.1.99.4 Post-cursor remote setting (1.184.9:7)

The value of these bits\sets the variable Remote_eq cl for the 25GAUI or lane 0 CAUI-4 receiver in the
transmit direction (see 83D.3.3.2). This is used by a 25GAUI or CAUI-4 receiver that implements the
optional transmitter equalization feedback as an indication of the ratio of the post-cursor coefficient c(1)
being used inthe 25GAUI or lane 0 of the CAUI-4 or transmitter in the transmit direction (see 83D.3.1.1). It
may be used to generate values for the request flag and the request bits. If a 25GAUI or lane 0 CAUI-4
receivetin the transmit direction is not present in the package, then these bits have no effect.

45.2.1.99.5 Pre-cursor remote setting (1.184.6:5)

The value of these bits sets the variable Remote_eq cml for the 25GAUI or lane 0 CAUI-4 receiver in the
transmit direction (see 83D.3.3.2). This is used by a 25GAUI or CAUI-4 receiver that implements the
optional transmitter equalization feedback as an indication of the ratio of the pre-cursor coefficient c(—1)
being used in the 25GAUI or lane 0 of the CAUI-4 transmitter in the transmit direction (see 83D.3.1.1). It

TITay e Used to- generate vatues forthe request fragamdthe Tequest bits I 7 25GA T or tame 0 CATT=
receiver in the transmit direction is not present in the package, then these bits have no effect.
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45.2.1.99.6 Post-cursor local setting (1.184.4:2)

The value of these bits sets the variable Local eq cl for the 25GAUI or lane 0 CAUI-4 transmitter in the
transmit direction (see 83D.3.1.1 and Table 83D-3), which controls the weight of the transmitter equaliza-

tion post-cursor coefficient c¢(1). If a 25GAUI or lane 0 CAUI-4 transmitter in the transmit direction is not
present in the package, then these bits have no effect.

45.2.1.99.7 Pre-cursor local setting (1.184.1:0)
The value of these bits sets the variable Local eq c¢ml for the 25GAUI or lane 0 CAUI-4 transmitter in the
transmit direction (see 83D.3.1.1 and Table 83D-2), which controls the weight of the transmitter equaliza-
tion precursor coefficient c(—1). If a 25GAUI or lane 0 CAUI-4 transmitter in the transmit direction_i$ not
present in the package, then these bits have no effect.

45.2.1.101 RS-FEC control register (Register 1.200)

Change row for 1.200.15:2 of Table 45-79 as follows (unchanged rows not shown):

Table 45-79—RS-FEC control register bit definitions

Bit(s) Name Description R/W?
120015:2 Reserved Value always 0 RO
1.200.15:3
1.200.2 25G RS-FEC Enable 1 = The 25GBASE-R Reed-Solomon FEC is enabled R/W

0 = The 25GBASE-R Reed-Solomon FEC is disabled

2R/W = Read/Write, RO = Read only

Insert new subclause 45.2.1.101.a before45.2.1.101.1 as follows:

45.2.1.101.a 25G RS-FEC enable{1.200.2)

Bit 1.200.2 enables the 25GBASE-R Reed-Solomon FEC described in Clause 108. When set to a one, this
bit enables the 25GBASE-R Reed-Solomon FEC. When set to a zero, bit 1.200.2 disables the 25GBASE-R
Reed-Solomon FEC (sée 108.6.3).

45.2.1.101.1 FEC-bypass indication enable (1.200.1)

Change the last sentence as follows:

Writes\to” this bit 1.200.1 are ignored and reads return a zero if the RS-FEC does not have the ability to
bypass indicating decoding errors to the PCS layer (see 91.5.3.3 and 108.5.3.2).

45.2.1.101.2 FEC bypass correction enable (1.200.0)

Change as follows:

When this bit 12000 is set to one the Reed-Solomon decoder PPY“F{\TmQ error detection without error

correction (see 91.5.3.3 and 108.5.3.2). When this bit is set to zero, the decoder also performs error
correction. Writes to this bit are ignored and reads return a zero if the RS-FEC does not have the ability to
bypass correction.
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45.2.1.102 RS-FEC status register (Register 1.201)

45.2.1.102.1 PCS align status (1.201.15)

Change 45.2.1.102.1 as follows:

Bit 1.201.15 indicates the PCS alignment status of the RS-FEC. For the RS-FEC described in Clause 91,
PCS alignment is defined as block lock, alignment marker lock, and deskew of all 20 transmit PCS lanes.
For the RS-FEC described in Clause 108, PCS alignment is defined as block lock of the transmit PCS signal.
When read as a zero, bit 1.201.15 indicates that the RS-FEC has not obtained PCS alignment. When read ag
a one, bit 1.201.15 indicates that the RS-FEC has obtained PCS alignment.

45.2.1.102.2 RS-FEC align status (1.201.14)

Change 45.2.1.102.2 as follows:

Bit 1.201.14 indicates the PMA alignment status of the RS-FEC. Fornthe’RS-FEC described in Clause 91,
PMA alignment is defined as alignment marker lock and deskew of all‘four lanes on the PMA service inter-
face. For the RS-FEC described in Clause 108, PMA alignment 'is”defined as codeword marker lock on the
PMA service interface. When read as a zero, bit 1.201.14 indi¢ates that the RS-FEC has not obtained PMA

alignment. When read as a one, bit 1.201.14 indicates that'th¢-RS-FEC has obtained PMA alignment.

45.2.1.102.7 RS-FEC high SER (1.201:2)

Change the first sentence of 45.2.1.102.7 as follows:

When FEC_bypass_indicatioh. enable is set to one, this bit 1.201.2 is set to one if the number of RS-FEC
symbol errors in a window.of 8192 codewords exceeds the threshold (see 91.5.3.3 and 108.5.3.2) and is set
to zero otherwise.

45.2.1.102.8 FEC bypass indication ability (1.201.1)

Change the.first sentence of 45.2.1.102.8 as follows:

TheReed-Solomon decoder may have the option to perform error detection without error indication (see
9%.513.3 and 108.5.3.2) to reduce the delay contributed by the RS-FEC sublayer.

45.2.1.102.9 FEC bypass correction ability (1.201.0)

Change the first sentence of 45.2.1.102.9 as follows:

TheReed=Sotomonm decoder Tmay - trave the option to perfornT eITor deteCHoIT WItoUt TITOT COITETHOM (STT

91.5.3.3 and 108.5.3.2) to reduce the delay contributed by the RS-FEC sublayer.
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45.2.1.103 RS-FEC corrected codewords counter (Register 1.202, 1.203)

Change the second sentence of 45.2.1.103 as follows:

The assignment of bits in the RS-FEC corrected codewords counter register is shown in Table 45-81. See
91.6.8 and 108.6.7 for a definition of this register.

45.2.1.104 RS-FEC uncorrected codewords counter (Register 1.204, 1.205)
Change the second sentence of 45.2.1.104 as follows:

The assignment of bits in the RS-FEC uncorrected codewords counter register is shown in Table 45-482% See
91.6.9 and 108.6.8 for a definition of this register.

45.2.1.106 RS-FEC symbol error counter lane 0 (Register 1.210, 1.211)

Change the third sentence of 45.2.1.106 as follows:

The assignment of bits in the RS-FEC symbol error counter lane 0 register is shown in Table 45-84. Symbol
errors detected in FEC lane 0 are counted and shown in register 1.210.15:0 andA.211.15:0. See 91.6.11 and
108.6.9 for a definition of this register.

45.2.3 PCS registers

Change the indicated rows of Table 45—119 as follows (unchanged rows not shown):

Table 45-119<PCS registers

Register address Register name Subclause
3.34 through 3.37 10/25GBASE-R PCS test pattern seed A 45.2.3.15
3.38 through 3.41 10/25GBASE-R PCS test pattern seed B 45.2.3.16

45.2.3.1 PCS control 1 register (Register 3.0)

Change the indicated row of Table 45-120 for 25 Gb/s speed selection as follows (unchanged rows not

shown):
Table 45-120—PCS control 1 register bit definitions
Bit(s) Name Description R/W?
370.5:2 Speed selection 5432 R/W

1 x x x = Reserved

011 x=Reserved

010 1 =Reserved25 Gb/s
0100=100Gb/s

001 1=40Gb/s
0010=10/1Gh/s

0001=10PASS-TS/2BASE-TL
0000=10Gb/s

#RO = Read only, R/W = Read/Write, SC = Self-clearing
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45.2.3.2 PCS status 1 register (Register 3.1)

45.2.3.2.7 PCS receive link status (3.1.2)

Change the third sentence of 45.2.3.2.7 as follows:

When a 10/25/40/100GBASE-R, 10GBASE-W, or 10GBASE-T mode of operation is selected for the PCS
using the PCS type selection field (3.7.2:0), this bit is a latching low version of bit 3.32.12.

45.2.3.4 PCS speed ability (Register 3.4)

Change row for 3.4.15:4 of Table 45-122 as follows (unchanged rows not shown):

Table 45-122—PCS speed ability register bit definitions

Bit(s) Name Description R/W?
34154 Reserved for future speeds | Value always 0 RO
34.15:5
34.4 25G capable 1 =PCS is capable of operating’at'25 Gb/s RO

0 =PCS is not capable of opérating at 25 Gb/s

2RO = Read only

Insert new subclause 45.2.3.4.5 after 45.2.3.4.4 as follows:
45.2.3.4.5 25G capable (3.4.4)

When read as a one, bit 3.4.4 indicates that the’PCS is able to operate at a data rate of 25 Gb/s. When read as
a zero, bit 3.4.4 indicates that the PCS is not'able to operate at a data rate of 25 Gb/s.

45.2.3.6 PCS control 2 register\(Register 3.7)

Change the indicated row of Table 45-123 for 25GBASE-R PCS selection as follows (unchanged rows

not shown):
Table 45-123—PCS control 2 register bit definitions
Bit(s) Name Description R/W?
3.7:2:0 PCS type selection R/W

210
111 =Select 25GBASE-R PCS type
1 1 %0 = reserved

101 = Select I00GBASE-R PCS type
1 0 0 = Select 40GBASE-R PCS types
01 1=Select 10GBASE-T PCS type
01 0= Select 10GBASE-W PCS type
00 1 = Select I0GBASE-X PCS type
00 0 = Select I0GBASE-R PCS type

8RO = Read only, R/W = Read/Write
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45.2.3.6.1 PCS type selection (3.7.2:0)

Change the second sentence of 45.2.3.6.1 as follows:

The PCS type abilities of the PCS are advertised in bits 3-8-5:0 3.8.7:0.
45.2.3.7 PCS status 2 register (Register 3.8)

Change the row for 3.8.9:6 of Table 45—124 as follows (unchanged rows not shown):

Table 45-124-PCS status 2 register bit definitions

Bit(s) Name Description R/W?
3896 Reserved Value always 0 RO
3.8.9:8
3.8.7 25GBASE-R capable 1 =PCS is able to support 25GBASE-R PCS type RO

0 = PCS is not able to support 25GBASE<R'PCS type

3.8.6 Reserved Value always 0 RO

2RO = Read only, LH = Latching high

Insert new subclause 45.2.3.7.3a before 45.2.3.7.4 as follows:

45.2.3.7.3a 25GBASE-R capable (3.8.7)

When read as a one, bit 3.8.7 indicates that the PCS'is able to support the 25GBASE-R PCS type. When read
as a zero, bit 3.8.7 indicates that the PCS is not able to support the 25GBASE-R PCS type.

45.2.3.9 EEE control and capability\(Register 3.20)

Change the row for 3.20.11:10 of Table 45-125 as follows (unchanged rows not shown):

Table 45<125—EEE control and capability register bit definitions

Bit(s) Name Description R/W?
3.20.4 25GBASE-R deep sleep 1 = EEE deep sleep is supported for 25GBASE-R RO

0 = EEE deep sleep is not supported for 2SGBASE-R

3.20.10 25GBASE-R fast wake 1 = EEE fast wake is supported for 25SGBASE-R RO
0 = EEE fast wake is not supported for 25GBASE-R

3R/W = Read/Write, RO = Read only
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Insert new subclauses 45.2.3.9.2a and 45.2.3.9.2b before 45.2.3.9.3 as follows:

45.2.3.9.2a 25GBASE-R deep sleep (3.20.11)

If the device supports EEE deep sleep operation for 25SGBASE-R bit 3.20.11 shall be set to a one; otherwise
this bit is set to a zero.

45.2.3.9.2b 25GBASE-R fast wake (3.20.10)

If the device supports EEE fast wake operation for 25GBASE-R bit 3.20.10 shall be set to a one; otherwis¢
this bit is set to a zero.

45.2.3.13 BASE-R and 10GBASE-T PCS status 1 register (Register 3.32)
45.2.3.13.1 BASE-R and 10GBASE-T receive link status (3.32.12)
Change last sentence of 45.2.3.13.1 as follows:

This bit is a reflection of the PCS_status variable defined in 49.2.14.1 for 10/25GBASE-R, in 55.3.6.1 for
10GBASE-T and in 82.3.1 for 40/100GBASE-R.

45.2.3.13.4 BASE-R and 10GBASE-T PCS high BER (3.32.1)
Change third sentence of 45.2.3.13.4 as follows:

This bit is a direct reflection of the state of the hi_ber variable'in the 64B/66B state diagram and is defined in
49.2.13.2.2 for 10/25GBASE-R and in 82.2.19.2.2 for 404l00GBASE-R.

45.2.3.13.5 BASE-R and 10GBASE-T PCS block lock (3.32.0)
Change third sentence of 45.2.3.13.5 as follows:

This bit is a direct reflection of the state of the block lock variable in the 64B/66B state diagram and is
defined in 49.2.13.2.2 for 10/25GBASE-R and in 82.2.19.2.2 for 40/100GBASE-R.

45.2.3.14 BASE-R and 10GBASE-T PCS status 2 register (Register 3.33)

45.2.3.14.1 Latched block lock (3.33.15)

Change 45.2.3.14.1 as follows:

When readhas a one, bit 3.33.15 indicates that the 10/25/40/100GBASE-R or the 10GBASE-T PCS has
achievéd-plock lock. When read as a zero, bit 3.33.15 indicates that the 10/25/40/100GBASE-R or the
10GBASE-T PCS has lost block lock.

The latched block lock bit shall be implemented with latching low behavior.

This bit is a latching low version of the 10/25/40/100GBASE-R and 10GBASE-T PCS block lock status bit
(3.32.0).
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45.2.3.14.2 Latched high BER (3.33.14)

Change 45.2.3.14.2 as follows:

—___Changesecond Sentence from e end of 1ite first paragrapiras fotiows:

When read as a one, bit 3.33.14 indicates that the 10/25/40/100GBASE-R or the 10GBASE-T PCS has
detected a high BER. When read as a zero, bit 3.33.14 indicates that the 10/25/40/100GBASE-R or the
10GBASE-T PCS has not detected a high BER.

The latched high BER bit shall be implemented with latching high behavior.

This bit is a latching high version of the 10/25/40/100GBASE-R and 10GBASE-T PCS high BER status bit
(3.32.1).

45.2.3.14.3 BER (3.33.13:8)
Change first sentence of 45.2.3.14.3 as follows:

The BER counter is a six bit count as defined by the ber count variable in 49,2.44.2 and 82.2.19.2.4 for
10/25/40/100GBASE-R and defined by the Ifer count variable in 55.3.6.2 for I0GBASE-T.

45.2.3.14.4 Errored blocks (3.33.7:0)

Change first sentence of 45.2.3.14.4 as follows:

The errored blocks counter is an eight bit count defined by _the ‘errored block count counter specified in
49.2.14.2 for 10/25GBASE-R, in 82.3.1 for 40/100GBASE-R and defined by the errored block count
variable in 55.3.6.2 for I0GBASE-T.

Change the subclause title, the first and second-sentences of 45.2.3.15, and the title of Table 45-130 as
follows:

45.2.3.15 10/25GBASE-R PCS test pattern seed A (Registers 3.34 through 3.37)

The assignment of bits in the 10/25GBASE-R PCS test pattern seed A registers is shown in Table 45—130.
This register is only required when the I0GBASE-R or 25GBASE-R capability is supported.

Table 45-130—10/25GBASE-R PCS test pattern seed A 0-3 register bit definitions

Change the subclause title, the first and second sentences of 45.2.3.16, and the title of Table 45-131 as
follows:

45.2.3.1610/25GBASE-R PCS test pattern seed B (Registers 3.38 through 3.41)

The(assignment of bits in the 10/25GBASE-R PCS test pattern seed B registers is shown in Table 45-131.
Thigregister is only required when the 10GBASE-R or 25GBASE-R capability is supported.

Table 45-131—10/25GBASE-R PCS test pattern seed B 0-3 register bit definitions

45.2.3.17 BASE-R PCS test-pattern control register (Register 3.42)

Scrambled idle test patterns are defined for 25/40/100GBASE-R PCS only.
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Change the indicated rows of Table 45-132 as follows (unchanged rows not shown):

Table 45-132—BASE-R PCS test-pattern control register bit definitions

Bit(s) Name Description R/W2
3.42.6 | Single Lane PHY ¥0GBASE-R | 1= Enable PRBS9 test-pattern mode on the transmit path R/W
PRBS9 transmit test-pattern 0 = Disable PRBS9 test-pattern mode on the transmit path
enable

3.42.5 | Single Lane PHY ¥0GBASE-R | 1= Enable PRBS31 test-pattern mode on the receive path R/W
PRBS31 receive test-pattern 0 = Disable PRBS31 test-pattern mode on the receive path
enable

3.42.4 | Single Lane PHY ¥0GBASE-R | 1= Enable PRBS31 test-pattern mode on the transmit path~ { R/W
PRBS31 transmit test-pattern 0 = Disable PRBS31 test-pattern mode on the transmif path
enable

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

Change titles of subclauses 45.2.3.17.2 to 45.2.3.17.4 as follows:

45.2.3.17.2 Single Lane PHY 46GBASE-R PRBS9 transmit.test-pattern enable (3.42.6)

45.2.3.17.3 Single Lane PHY 40GBASE-R PRBS31 receive test-pattern enable (3.42.5)

45.2.3.17.4 Single Lane PHY 40GBASE-R PRBS31transmit test-pattern enable (3.42.4)

45.2.7 Auto-Negotiation registers
45.2.7.12 Backplane Ethernet, BASE-Rcopper status (Register 7.48)

Change the row for 7.48.15:12 and 7.48:7 of Table 45-209 as follows (unchanged rows not shown):

Table 45-209—Backplane Ethernet, BASE-R copper status register (Register 7.48)
bit definitions

Bit(s) Name Description RO?
FA8A542 Reserved Value always 0 RO
7.48.15:14
7.48(13 25GBASE-KR or 1 = PMA/PMD is negotiated to perform 25GBASE-KR or RO

25GBASE-CR 25GBASE-CR
0=PMA/PMD is not negotiated to perform 25GBASE-KR or
25GBASE-CR
7.48.12 25GBASE-KR-Sor | 1=PMA/PMD is negotiated to perform 25GBASE-KR-S or RO

25GBASE-CR-S 25GBASE-CR-S
0 =PMA/PMD is not negotiated to perform 25GBASE-KR-S
or 25GBASE-CR-S

B
Y
D
D

R 1 AU 1 o
eservea vargcarways o T

RS-FEC negotiated | 1 =PMA/PMD is negotiated to perform RS-FEC
0=PMA/PMD is not negotiated to perform RS-FEC

i S
%

4RO = Read only
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Insert new subclause 45.2.7.12.1a after 45.2.7.12.1 as follows:

45.2.7.12.1a RS-FEC negotiated (7.48.7)

When the Auto-Negotiation process has completed as indicated by the AN complete bit (7.1.5), bit 7.48.7
indicates that RS-FEC operation has been negotiated. This bit is set only if RS-FEC operation has been
negotiated for a BASE-R PHY supporting negotiation of RS-FEC operation.

Change the title of 45.2.7.12.2 and first sentence as follows:

45.2.7.12.2 Negotiated Port Type (7.48.1, 7.48.2, 7.48.3, 7.48.5, 7.48.6, 7.48.8, 7.48.9, 7.48.10,
7.48.11,7.48.12, 7.48.13)

When the AN process has been completed as 1ndlcated by the AN complete bit, these bits in: reg1ster 7.48

HOGBASE—M—LO@GBA—SE—KR‘!—I—GOGBA—SE-%} indicate the negotlated port type

45.2.7.13 EEE advertisement (Register 7.60)

Change the row for 7.60.15:14 of Table 45-210 as follows (unchanged rows.not shown):

Table 45-210—EEE advertisement register (Register 7.60) bit definitions

Clause reference;

. . 0 a
Bit(s) Name Description Next Page bit number R/W

7.60.1544 | Reserved Value always 0 RO

7.60.14 25GBASE-R EEE | 1= Advertisethatthe 25GBASE-RPHY | 73.7.7.1:U14 R/W

has EEE deep sleep capability
0 = Do notadvertise that the 25GBASE-
R PHY has EEE deep sleep capability

4R/W = Read/Write, RO = Read only

Insert new subclause 45.2.7.13.a before 45.2.7.13.1 as follows:
45.2.7.13.a 25GBASE-R EEE supported (7.60.14)
If set to a one, (bib 7.60.14 indicates that the technologies advertised in bits A9 and A10 of Table 73—4 are

capable of supporting EEE deep sleep operation. If set to a zero, EEE deep sleep operation is not supported
for 25GBASE-R.
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45.2.7.14 EEE link partner ability (Register 7.61)

Change the row for 7.61.15:14 of Table 45-211 as follows (unchanged rows not shown):

Table 45-211—EEE link partner ability (Register 7.61) bit definitions

Clause reference;

Bit(s) Name Description Next Page bit number R/W?
7.61.15:4+4 | Reserved Value always 0 RO
7.61:14 25GBASE-REEE | ] =Link partner is advertising EEE deep | 73.7.7.1:U14 RO

sleep capability for 25GBASE-R

0 = Link partner is not advertising EEE
deep sleep capability for 25GBASE-R

4RO = Read only
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45.5 Protocol implementation conformance statement (PICS) proforma for
Clause 45, Management Data Input/Output (MDIO) interface®

45.5.3 PICS proforma tables for the Management Data Input Output (MDIO) interface

45.5.3.3 PMA/PMD management functions

Change the table in 45.5.3.3 as modified by IEEE Std 802.3bw-2015 adding the row for MM129 at the end
of the table (unchanged rows not shown):

Item Feature Subclause Value/Comment Status Support
MM129 | EEE deep sleep capability 452.1.14 EEE:M Yes
indicated for each port type N/A

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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69. Introduction to Ethernet operation over electrical backplanes

69.1 Overview

69.1.1 Scope
Change the second paragraph of 69.1.1 as follows:

Backplane Ethernet supports the IEEE 802.3 full duplex MAC operating at 1000 Mb/s, 10 Gb/s, 25 Gb/s;
40 Gb/s, or 100 Gb/s providing a bit error ratio (BER) better than or equal to 10712 at the MAC/PLS service
interface. The following Physical Layers are supported:

— 1000BASE-KX for 1 Gb/s operation over a single lane

— 10GBASE-KX4 for 10 Gb/s operation over four lanes

— 10GBASE-KR for 10 Gb/s operation over a single lane

— 25GBASE-KR and 25GBASE-KR-S for 25 Gb/s operation over a single lane
— 40GBASE-KR4 for 40 Gb/s operation over four lanes

— 100GBASE-KR4 and 100GBASE-KP4 for 100 Gb/s operation over fourlahes

69.1.2 Relationship of Backplane Ethernet to the ISO OSI reference model
Change the first paragraph of 69.1.2 as follows and insert Figure.69-1a:

Backplane Ethernet couples the IEEE 802.3 MAC to a family-of Physical Layers defined for operation over
electrical backplanes. The relationships among Backplahe Ethernet, the IEEE 802.3 MAC, and the ISO
Open System Interconnection (OSI) reference model) are shown in Figure 69—1, Figure 69—1la, and
Figure 69-2.
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ETHERNET
LAYERS
HIGHER LAYERS
LLC OR OTHER MAC CLIENT
osl /
REFERENCE / MAC CONTROL (OPTIONAL)
MODEL
LAYERS / MAC
/ RECONCILIATION
APPLICATION [
PRESENTATION| | / 256MIl —
!/ 25GBASE-R PCS
SESSION |
/ FEC!
TRANSPORT | / — ohy
NETWORK |/ / PMD
DATALINK |/ AN
PHYSICAL MDI —»
____________ MEDIUM §
25GBASEKR

25GBASE-KR-S
25GMII = 25 GIGABIT MEDIA INDEPENDENT INTERFACE _PHY-= PHYSICAL LAYER DEVICE

AN = AUTO-NEGOTIATION PMA = PHYSICAL MEDIUM ATTACHMENT
MDI = MEDIUM DEPENDENT INTERFACE PMD = PHYSICAL MEDIUM DEPENDENT
LLC = LOGICAL LINK CONTROL FEC =FORWARD ERROR CORRECTION

PCS = PHYSICAL CODING SUBLAYER
NOTE 1—CONDITIONAL BASED ON PHY TYPE

Figure 69-1a—Architectural positioning of 25 Gb/s Backplane Ethernet

Change the lettered list after Figure'69-2 by inserting a new item f), renumbering remaining list items,
and changing the newly numbered item i) as follows:

It is important to note that{while this specification defines interfaces in terms of bits, octets, and frames,
implementers may cho¢se other data-path widths for implementation convenience. The only exceptions are
as follows:

a) The GMIL which, when implemented at an observable interconnection point, uses an octet-wide
data path-as specified in Clause 35.

b) TheyXGMII, which, when implemented at an observable interconnection point, uses a 4-octet-wide
data path as specified in Clause 46.

¢)_) The management interface, when implemented as the MDIO/MDC (Management Data
Input/Output, Management Data Clock) at an observable interconnection point, uses a bit-wide data
path as specified in Clause 45.

d) The 1000BASE-X PMA service interface, when implemented at an observable interconnection
point (TBI), uses the 10-bit-wide data path as specified in Clause 36.

e) The PMA service interface for 10Gb/s serial, when implemented at an observable interconnection

AVA<l ]l AY |

PU;llt \ \UUL}, Uuos\vo th\.« Y b;t VV;dU data l_l(«lt}l adS Dl.l\ab;f;\/d ;ll C}auov JI.
f) The PMA service interface, which, when physically implemented as 25GAUI (25 Gigabit

Attachment Unit Interface) at an observable interconnection port, uses a serial data path as specified
in Annex 109A.

57
Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved



https://standardsiso.com/api/?name=4f3627ef0f3caf579a165373f2aab08b

ISO/IEC/IEEE 8802-3:2017 /Amd.2:2017(E)

IEEE Std 802.3by-2016
|IEEE Standard for Ethernet—Amendment 2: Media Access Control Parameters,
Physical Layers, and Management Parameters for 25 Gb/s Operation

g) The PMA service interface, which, when physically implemented as XLAUI (40 Gb/s Attachment
Unit Interface) or as CAUI-4 (100 Gb/s four-lane Attachment Unit Interface) at an observable
interconnection port, uses a four-lane data path as specified in Annex 83A or Annex 83D,
respectively.

h) The PMA service interface, which, when physically implemented as CAUI-10 (100 Gb/s ten-lane
Attachment Unit Interface) at an observable interconnection port, uses a ten-lane data path as
specified in Annex 83A.

i)  The MDIs for 1000BASE-KX,-and 10GBASE-KR, 25GBASE-KR, and 25GBASE-KR-S use a
serial data path while the MDIs for 10GBASE-KX4, 40GBASE-KR4, 100GBASE-KR4, and
100GBASE-KP4 use a four-lane data path.

69.2 Summary of Backplane Ethernet Sublayers

69.2.1 Reconciliation sublayer and media independent interfaces

Change 69.2.1 as follows:

The Clause 35 RS and GMII, the Clause 46 RS and XGMII, the Clause 106<RS and 25GMII, and the

Clause 81 RS, XLGMII, and CGMII are employed for the same purpose in\Backplane Ethernet, that being
the interconnection between the MAC sublayer and the PHY.

69.2.3 Physical Layer signaling systems
Insert the following new paragraph after the third paragraph-in 69.2.3:

Backplane Ethernet also specifies 25GBASE-KR and{2$GBASE-KR-S. The 25GBASE-KR embodiment
employs the PCS defined in Clause 107, the BASE*R FEC defined in Clause 74, the RS-FEC defined in
Clause 108, the PMA defined in Clause 109, andthe PMD defined in Clause 111, and specifies 25 Gb/s
operation over one differential path in each direction. The 25GBASE-KR-S embodiment employs the PCS
defined in Clause 107, the BASE-R FEC defined in Clause 74, the PMA defined in Clause 109, and the
PMD defined in Clause 111, and specifies 25 Gb/s operation over one differential path in each direction.

Change the last paragraph in 69.2:3 as follows and insert Table 69-1a after Table 69-1:
Table 69—1, Table 69—1a, and- Table 692 specify the correlation between nomenclature and clauses. A

complete implementatiohconforming to one or more nomenclatures meets the requirements of the
corresponding clauses.
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Table 69-1a—Nomenclature and clause correlation for 25 Gb/s Backplane Ethernet

Physical Layers

Clause
73 74 78 106 107 108 109 109A 111
[
a
8 | £ | 3 z 8
Nomenclature & A~ %) A& < ” R
= _ o
= — =4 & ~ Q N [~
z & = @« = o & & = 2 %
< L & [ &} 72 : 7 > 7 =)
7] a = (7] < o) < b
< o < = @ & =
==} 4 8 % a Qo T
« ] N 7 )
N N wn
o
25GBASE-KR Mm? M o? M M (0] M
25GBASE-KR-S M M (0] M (6] M M M

30 = Optional, M = Mandatory

69.3 Delay constraints
Insert the following paragraph after the third paragraph of 69.3:

For 25GBASE-KR and 25GBASE-KR-S, normatiye delay specifications may be found in 106.1.4, 107.3,
109.5, and 111.4, and also referenced in 105.5.

69.5 Protocol implementation.conformance statement (PICS) proforma
Change the first paragraph of 695 as follows:

The supplier of a protocal.implementation that is claimed to conform to any part of IEEE Std 802.3,
Clause 70 through Cldusg 74, Clause 84, Clause 91, Clause 93, Clause 94, Clause 108, Clause 111, and
related annexes demonstrates compliance by completing a protocol implementation conformance statement
(PICS) proforma.
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73. Auto-Negotiation for backplane and copper cable assembly

73.2 Relationship to the ISO/IEC Open Systems Interconnection (OSI) reference

model

Change Figure 73—1 as follows:

(OR]

REFERENCE ETHERNET
by LAYERS
LAYERS
HIGHER LAYERS
APPLICATION LLC (LOGICAL LINK CONTROL)
/ OR OTHER MAC CLIENT
PRESENTATION
/ | MAC—MEDIA ACCESS CONTROL
SESSION / ) [RECONCILIATION |
TRANSPORT | / y LI < GMII, XGMIJ, 25GMII, XLGMII or CGMII
NETWORK |/ PCS
PMA
DATALINK |/ PHY PMD
AN

PHYSICAL ____ MDI—» \V
MEDIUM

1 Gb/s, 10 Gb/s, 26 Gb/s, 40 Gb/s or 100 Gb/s

25GMII = 25 GIGABIT MEDIA INDEPENDENT INTERFACE _‘PHY = PHYSICAL LAYER DEVICE

AN = AUTO-NEGOTIATION PMA = PHYSICAL MEDIUM ATTACHMENT

CGMII = 100 Gb/s MEDIA INDEPENDENT INTERFACE PMD = PHYSICAL MEDIUM DEPENDENT

GMII = GIGABIT MEDIA INDEPENDENT INTERFACE XGMII = 10 Gb/s MEDIA INDEPENDENT INTERFACE
MDI = MEDIUM DEPENDENT INTERFACE XLGMII = 40 Gb/s MEDIA INDEPENDENT INTERFACE

PCS = PHYSICAL CODING SUBLAYER

Figure 73-1—Location of , Auto-Negotiation function within the ISO/IEC OSI
reference model

73.3 Functional specifications
Change the third paragraph of 73.3 as follows:

These functipns-shall comply with the state diagrams from Figure 73-9 through Figure 73—11. The Auto-
Negotiation, functions shall interact with the technology-dependent PHYs through the Technology-
Dependent-interface (see 73.9). Technology-Dependent PHYs include 1000BASE-KX, 10GBASE-KX4,
10GBASE-KR, 25GBASE-KR, 25GBASE-KR-S, 25GBASE-CR, 25GBASE-CR-S, 40GBASE-KR4,
4Q0GBASE-CR4, 100GBASE-CR10, 100GBASE-KP4, 100GBASE-KR4, and 100GBASE-CR4.
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73.6 Link codeword encoding

Replace Figure 73—6 with the following figure and change the last two sentences of the second paragraph
of 73.6 as follows:

blpoplp]p]p]plp|D|D|D|D|D|D|D|D]|D
ol 1213 lalslel 7l slolwlulnzln|ialis
S| sl|slIsIsIElElElECE clc

ol 123 alolilals]alol 1|2 |RF[AKIN

D D D D D D D D D D D D D b D
16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 2 43 | 44 | 45 J, 467 47
A F iy F F
22 2 3 0 1

Figure 73—-6—Link codeword Base Page

—
—
8~
—
INES

D[4543:21] contains the Technology Ability Field. D[47:4446] contains FEC capability (see 73.6.5).
73.6.4 Technology Ability Field
Change Table 73—4 as follows:

Table 73-4—Technology Ability Field encoding

Bit Technology

A0 1000BASE-KX

Al 10GBASE-KX4

A2 10GBASE-KR

A3 40GBASE-KR4

Ad 40GBASE-CR4

A5 100GBASE-CR10

A6 100GBASE-KP4

A7 100GBASE-KR4

A8 100GBASE-CR4

A9 25GBASE-KR-S or 25GBASE-CR-S

10 25GBASE-KR or 25GBASE-CR

A1l throush A22 Reserved for future technology

Change the third and fourth paragraphs of 73.6.4 adding a new paragraph between them as follows:

For 25 Gb/s operation the same bits are used to advertise backplane and copper cable assembly operation.
For other speeds, a PHY for operation over an electrical backplane (e.g., 1000BASE-KX, 10GBASE-KX4

10GBASE-KR, 40GBASE-KR4, 100GBASE-KP4, 100GBASE-KR4) shall not be advertised
simultaneously with a PHY for operation over a copper cable assembly (e.g., 40GBASE-CR4, 100GBASE-
CR10, 100GBASE-CR4) as-the MPl-andphysical medivm-are-different.
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25GBASE-KR-S abilities are a subset of 2SGBASE-KR abilities, and likewise 25GBASE-CR-S abilities are
a subset of 25GBASE-CR abilities. To allow interoperation between 25GBASE-KR-S and 25GBASE-KR
PHY types, and between 25GBASE-CR-S and 25GBASE-CR PHY types. a device that supports
25GBASE-KR or 25GBASE-CR should advertise both A9 and A 10 ability bits during auto-negotiation.

The fields A[22:11] Af24:97 are reserved for future use. Reserved fields shall be sent as zero and ignored on
receive.

73.6.5 FEC capability
Change the first paragraph of 73.6.5 as follows:

FEC (F2:F3:F0:F1) is encoded in bits D446:D47 of the base link codeword. The four twe FEC bits.are used
as follows:

a) FOis 10 Gb/s per lane FEC ability

b) F1is 10 Gb/s per lane FEC requested
c) F2is 25G RS-FEC requested

d) F3is 25G BASE-R FEC requested

Bits F2 and F3 are used for resolving FEC operation for 25G PHYs. . while bits FO and F1 are used for
10 Gb/s per lane operation. Bits FO and F1 are not used for 25G PHY s\

Insert new subclause 73.6.5.1 before the second paragraph of 73.6.5 as follows:
73.6.5.1 FEC resolution for 25G PHYs
For 25G PHYs if neither PHY requests FEC operation’in bits F2 or F3 then FEC is not enabled.

For 25GBASE-KR and 25GBASE-CR PHYs ifi€ither PHY requests RS-FEC then RS-FEC operation is
enabled, otherwise if either PHY requests BASE-R FEC then BASE-R operation is enabled.

For 25GBASE-KR-S and 25GBASE-€R-S PHYs, if either PHY requests RS-FEC or BASE-R FEC then
BASE-R operation is enabled. This.is*because 25GBASE-KR-S and 25GBASE-CR-S PHY's do not support
RS-FEC operation.

Matke the second and third.paragraphs of 73.6.5 a new subclause 73.6.5.2 and change as follows:

73.6.5.2 FEC resolution for 10 Gb/s per lane PHYs

For 10 Gb/s perlane operation, when the FEC ability bit FO is set to logical one, it indicates that the PHY
has FEC ability (see Clause 74). When the FEC requested F1 bit is set to logical one, it indicates a request to
enable EEC on the link.

Since the local device and the link partner may have set the FEC capability bits differently, the priority
fesolution function is used to enable FEC in the respective PHY's. The FEC function shall be enabled on the
link if 10GBASE-KR, 40GBASE-KR4, 40GBASE-CR4, or l00GBASE-CR10 is the HCD technology (see
73.7.6), both devices advertise FEC ability on the FO bits, and at least one device requests FEC on the F1
bits; otherwise FEC shall not be enabled.

62
Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved



https://standardsiso.com/api/?name=4f3627ef0f3caf579a165373f2aab08b

ISO/IEC/IEEE 8802-3:2017 /Amd.2:2017(E)

IEEE Std 802.3by-2016
|IEEE Standard for Ethernet—Amendment 2: Media Access Control Parameters,
Physical Layers, and Management Parameters for 25 Gb/s Operation

Make fourth and fifth paragraphs of 73.6.5 a new subclause 73.6.5.3 and change as follows:

73.6.5.3 FEC control variables

The variable an_baser_fec_control indicates that BASE-R FEC operation has been negotiated. If the value is
false, then BASE-R FEC has not been negotiated. If the value is true, then BASE-R FEC has been
negotiated. The-mapping-ofthis-variableto-an H red-inTFable73-6

The variable an_rs_fec_control indicates that RS-FEC operation has been negotiated. If the value is false,
then RS-FEC has not been negotiated. If the value is true, then RS-FEC has been negotiated.

The mapping of these variables to MDIO register bits is defined in Table 73-6.

If mr_autoneg_enable (see 73.10.1) is false, the FEC function is controlled by implementatigh-dependent
means.

73.7 Receive function requirements

73.7.1 DME page reception
Change 73.7.1 as follows:

To be able to detect the DME bits, the receiver should have the‘capability to receive DME signals sent with
the electrical specifications of the PHY (1000BASE-KX, 106BASE-KX4, I0GBASE-KR, 25GBASE-KR.
25GBASE-KR-S, 25GBASE-CR, 25GBASE-CR-S, 40GBASE-KR4, 40GBASE-CR4, 100GBASE-CR10,
100GBASE-KP4, 100GBASE-KR4, or 100GBASE-CR4). The DME transmit signal level and receive
sensitivity are specified in 73.5.1.

73.7.6 Priority Resolution function

Change Table 73-5 to include 25GBASE-KR or 25GBASE-CR and 25GBASE-KR-S or 25GBASE-CR-S
and change priority of lower speed PHYs as follows:

Table 73-5—Priority Resolution

Priority Technology Capability
1 HO0GBASE-CR4 100 Gb/s 4 lane, highest priority
2 100GBASE-KR4 100 Gb/s 4 lane
3 100GBASE-KP4 100 Gb/s 4 lane
4 100GBASE-CR10 100 Gb/s 10 lane
5 40GBASE-CR4 40 Gb/s 4 lane
6 40GBASE-KR4 40 Gb/s 4 lane
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Table 73-5—Priority Resolution (continued)

Priority Technology Capability
1 25GBASE-KR or 25GBASE-CR 25 Gb/s 1 lane
8 25GBASE-KR-S or 25GBASE-CR-S | 25 Gb/s 1 lane, short reach
79 10GBASE-KR 10 Gb/s 1 lane
€10 10GBASE-KX4 10 Gb/s 4 lane
911 1000BASE-KX 1 Gb/s 1 lane, lowest priority

73.6 Management register requirements

Insert new row for an_rs_fec control at the bottom of Table 73—6 as follows (unchanged rows not

shown):

Table 73-6—Backplane Ethernet Auto-Negotiation variable to MDIO register mapping

Variable

Description

an_rs_fec_control

7.48.7 RS-FEC negotidted

73.10 State diagrams and variable definitions

73.10.1 State diagram variables

Change the list of variables to include 25GBASE-CR and 25GBASE-KR as follows:

A variable with “ [x]” appended to the end of the variable name indicates a variable or set of variables as
defined by “x”. “x” may be as follows:

all;

represents all specific technology-dependent PMDs supported in the local device.

1GKX; represents the 1000BASE-KX PMD.

10GKR; represents the 1I0GBASE-KR PMD.

10GKX4 represents the 10GBASE-KX4 or I0GBASE-CX4 PMD.

25GR; represents the 25GBASE-KR, 25GBASE-KR-S, 25GBASE-CR, or
25GBASE-CR-S PMD.

40GKR4; represents the 40GBASE-KR4 PMD.

40GCR4; represents the 40GBASE-CR4 PMD.

100GCR10; represents the I00GBASE-CR10 PMD.

100GKP4; represents the 100GBASE-KP4 PMD.

100GKR4;  represents the I00GBASE-KR4 PMD.

TOUGCRA;  rcpresents the T00GBASE-CRA PMD.
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HCD; represents the single technology-dependent PMD chosen by Auto-Negotiation as
the highest common denominator technology through the Priority Resolution or
parallel detection function.

notHCHD- en echnoloav-depnenden PN Ds 1o hosen-bi A o-Neaotiation he
3

presents-al-technology-depende Ds-not-chosen-by-Auto-Negotiation-as-the
highest common denominator technology through the Priority Resolution or parallel
detection function.

PD; represents all of the following that are present: 1000BASE-KX PMD and
10GBASE-KX4 (or I0GBASE-CX4) PMD.

Change single_link_ready as follows:

single link ready
Status indicating that an_receive idle = true and only one the of the
following indications is being received:

1) link_status [1GKX] = OK

2) link_status [10GKX4] = OK

3) link_status [10GKR] = OK

4) link status [25GR] = OK

45) link status [40GKR4] = OK
506) link status [40GCR4] = OK
67) link _status [100GCR10]=OK
78) link _status [100GKP4] = OK
89) link_status [100GKR4] = OK
910) link_status [100GCR4] = OK

Values: false; either zero or more than ofi¢ of the above indications are true or an_receive idle
= false.
true; Exactly one of the above indications is true and an_receive_idle = true.

NOTE—This variable is set by thiswariable definition; it is not set explicitly in the state diagrams.
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74. Forward Error Correction (FEC) sublayer for BASE-R PHYs

74.1 Overview

Change 74.1 as follows:

This clause specifies an—eptienal Forward Error Correction (FEC) sublayer for 1I0GBASE-R and other
BASE-R PHYs. The FEC sublayer can be placed in between the PCS and PMA sublayers of the
10GBASE-R and other BASE-R Physical Layer implementations as shown in Figure 742, Figure 74—2a;
Figure 74-3, and Figure 74-4. For a PHY with a multi-lane BASE-R PCS, the FEC sublayer is instantiated
for each PCS lane and operates autonomously on a per PCS lane basis. The FEC provides coding,gain to
increase the link budget and BER performance.

The 10GBASE-KR and 40GBASE-KR4 PHYSs described in Clause 72, and Clause 84 optionally use the
FEC sublayer to increase the performance on a broader set of backplane channels than“are defined in
Clause 69. The FEC sublayer provides additional margin to account for variationssinCUmanufacturing and
environmental conditions.

The 25GBASE-CR, 25GBASE-CR-S, 25GBASE-KR, and 25GBASE-KR-S.PHY's described in Clause 110
and Clause 111 are required to implement the FEC sublayer and may use if with links with a BER of 108 or
better.

The 40GBASE-CR4 and 100GBASE-CR10 PHYs described in Clatise 85 optionally use the FEC sublayer
to improve the BER performance beyond 10712,
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74.3 Relationship to other sublayers

Replace Figure 74—1 with the following figure:

ETHERNET
osl LAYERS
REFERENCE
VODEL HIGHER LAYERS
LAYERS | LLC (LOGICAL LINK CONTROL) OR OTHER MAC CLIENT
APPLICATION / MAC CONTROL (OPTIONAL)
PRESENTATION // MAC—MEDIA ACCESS CONTROL
SESSION | RECONCILIATION

/
TRANSPORT | / / XGMII, 25GMIl, XLGMII or CGMII—»

NETWORK |/ / BASE-R PCS
/ FEC' K BASE-R
DATA LINK PMA PHY
PMD
PHYSICAL MDT—5[ |
________ | MEDIUM

10GBASE-R, 25GBASE-R, 40GBASE-R or 100GBASE-R

25GMII = 25 GIGABIT MEDIA INDEPENDENT INTERFACE  PMA = PHYSICAL MEDIUM ATTACHMENT

CGMII = 100 Gb/s MEDIA INDEPENDENT INTERFACE PMD =PHYSICAL MEDIUM DEPENDENT

FEC = FORWARD ERROR CORRECTION XGMIl = 10 Gb/s MEDIA INDEPENDENT INTERFACE

MDI = MEDIUM DEPENDENT INTERFACE XLGMII = 40 Gb/s MEDIA INDEPENDENT INTERFACE

PCS = PHYSICAL CODING SUBLAYER

PHY = PHYSICAL LAYER DEVICE NOTE 1—OPTIONAL OR CONDITIONAL BASED ON PHY
TYPE

Figure 74—1—BASE-R FEC relationship to ISO/IEC Open Systems Interconnection (OSlI)
reference model and the IEEE 802.3 Ethernet model

74.4 Inter-sublayer interfaces
Change 74.4 as follows:

An FEC service intetface is provided to allow the FEC sublayer to transfer information to and from the PCS.
An abstract seryice'model is used to define the operation of this interface. For I0GBASE-R, the FEC service
interface diréctly maps to the PMA service interface of the PCS defined in Clause 49 and the lower FEC
sublayer interface maps to the service interface provided by the serial PMA sublayer defined in Clause 51.
For 25GBASE-R, the FEC service interface is an instance of the inter-sublayer service interface defined in
10540as is the PMA service interface defined in 109.2. For 40GBASE-R and 100GBASE-R, the FEC
seryice interface is an instance of the inter-sublayer service interface defined in 80.3 as is the PMA service
interface defined in 83.2.

For 25GBASE-R the FEC service interface can either connect to the PCS as illustrated in Figure 74—1 or the
PMA as illustrated in Figure 109-3 where the FEC and PCS are in separate devices connected by 25GAUI.

For 40GBASE-K and 100GBAMNE-R the FEC service intertace can either connect to the PCS as illustrated in
Figure 74—1 or the PMA as illustrated in Figure 83—2 where the FEC and PCS are in separate devices con-
nected by XLAUI/CAUI-n.
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This standard defines these interfaces in terms of bits, octets, data-group, data units, and signals; however,
implementers may choose other data-path widths and other control mechanisms for implementation conve-
nience, provided that the implementation adheres to the logical model of the service interface.

Insert new subclause 74.4.1a and Figure 74—2a after 74.4.1 as follows:
74.4.1a Functional block diagram for 25GBASE-R PHYs

Figure 74—2a shows the functional block diagram of FEC for 25GBASE-R PHYs and the relationship
between the PCS and PMA sublayers.

25GMII
TXD<31:0> RXD<31:0>
TXC<3:0> RXC<3:03
PCS service interface TX_CLK RX_CLK
PCS
I
FEC:IS_RX_MODE.request
FEC:IS_TX_MODE.request
FEC:IS_UNITDATA request FEC:IS_UNITDATAidication || CC-o— o LPIACTIVE.request
(EEE deep sleep only)
FEC service interface FEC:IS_SIGNAL.indication FEC:IS_ENERGY_DETECT.indication
(EEE deep sleep only)
FEC sublayer
FEC Encoder FEC Decoder
[
PMA:IS_RX_MODE.request
PMA:IS_TX_MODE.request
PMA:IS_UNFDATA request PMA:IS_UNITDATA.indication (EEE deep sleep only)
PMA:IS_ENERGY_DETECT.indication
o PMA:IS_RX_TX_MODE.indication
PMA service interface PMA:IS_SIGNAL.indication (EEE deep sleep only)

PMA ‘'sublayer

Figure 74-2a— Functional block diagram for 25GBASE-R PHY
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74.5 FEC service interface

Change 74.5 as follows:

The FEC service interface is provided to allow the PCS to transfer information to and from the FEC. The
FEC service interface is equivalent to the PMA service interface for I0GBASE-R and an instance of the
inter-sublayer service interface defined in 105.4 for 25GBASE-R, and 80.3 for 40GBASE-R and
100GBASE-R. These services are defined in an abstract manner and do not imply any particular implemen-
tation. The FEC service interface supports exchange of data units between PCS entities on either side of a
link using request and indication primitives. Data units are mapped into FEC blocks by the FEC and passed
to the PMA, and vice versa.

The service primitives are defined differently for I0GBASE-R, and for 2SGBASE-R, and for 40GBASE-R
and 100GBASE-R.

Optional physical instantiations of the PMA service interface have been defined)(see Clause 51,
Annex 109A, Annex 109B, Annex 83A, Annex 83B, Annex 83D, and Annex @3F). There is XSBI
(10 Gigabit Sixteen-Bit Interface) for 10GBASE-R, 25GAUI for 25GBASE-R, XLAUI for 40GBASE-R
and CAUI-n for 100GBASE-R. These physical instantiations, with a PMA if reqited, may also be used for
the FEC service interface.

Insert new subclause 74.5.1a after 74.5.1 as follows:
74.5.1a 25GBASE-R service primitives

The FEC service interface for 2GBASE-R is an instanc€ of the inter-sublayer service interface defined in
105.4. The FEC service interface primitives are summarized as follows:

a) FEC:IS_UNITDATA.request

b) FEC:IS_UNITDATA.indication

c¢) FEC:IS_SIGNAL.indication

d) FEC:IS_TX MODE.request(tx ,mode)

e) FEC:IS_RX MODE.request(fx) mode)

f)  FEC:IS RX TX MODE:indication(rx_tx mode)
g) FEC:IS_LPI ACTIVE.réquest(rx_lpi_active)

h) FEC:IS_ENERGY:indication(energy detect)

Items d), e), f), g), and‘h) are only required for the optional Energy Efficient Ethernet (EEE) capability with
the deep sleep mode.

The 25GBASE-R PCS (or PMA) continuously sends bit streams to the FEC via the tx_bit parameter of the
FEC:IS-UNITDATA . request at a nominal signaling rate of 25.78125 GBd.

The FEC continuously sends bit streams to the 2SGBASE-R PCS (or PMA) via the rx_bit parameter of the
EEC:IS_UNITDATA.indication at a nominal signaling rate of 25.78125 GBd.

The SIGNAL OK parameter of the FEC:IS_SIGNAL.indication primitive can take one of two values: OK
or FAIL. A value of OK denotes that the FEC Receive process is successfully delineating valid payload
information from the incoming data stream received from the PMA sublayer indicated by the fec_signal ok

variable equal to truc, and this payload information is being presented to the PTS (0f PMA) via thc
FEC:IS_UNITDATA.indication primitive. A value of FAIL denotes that errors have been detected by the
Receive process indicated by the fec signal ok variable equal to false that prevent valid data from being
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presented to the PCS, in this case the rx_bit parameter of the FEC:IS UNITDATA.indication primitive is
undefined.

FEC:IS_TX MODE.request is sourced from the PCS and passed through the FEC to the PMA sublayer. The

tx_mode parameter can take the values QUIET, ALERT, or DATA. When tx_mode is QUIET or ALERT,
the FEC encoder logic may deactivate functional blocks to conserve energy. When tx_mode is DATA, the
FEC encoder logic operates normally.

FEC:IS_RX MODE.request is sourced from the PCS and passed through the FEC to the PMA sublayer. The
rx_mode parameter can take the values QUIET or DATA. When rx_mode is QUIET, the FEC decoder logi¢
may deactivate functional blocks to conserve energy. When rx_mode is DATA, the FEC decoder,logic
operates normally.

FEC:IS RX TX MODE.indication communicates the rx tx mode parameter to a PMA gelient layer if
present. This parameter indicates the value of tx_mode that the PMA sublayer has inferred froni the received
signal. Without EEE deep sleep capability, the primitive is never generated and the sublay¢r behaves as if
rx_tx_mode = DATA. The parameter rx_tx_mode is assigned one of the following values: DATA, QUIET,
or ALERT.

The rx_Ipi_active parameter in FEC:IS_LPI ACTIVE.request is a Boolean\variable sent from the PCS that
is set to TRUE when LPI mode is active at the receiver and set to FALSE otherwise. When TRUE,
rx_Ipi_active causes rapid FEC block lock as specified in 74.7.4.8 to.b&used to quickly determine the start
of the FEC block during EEE REFRESH or WAKE.

The energy_detect parameter in FEC:IS_ENERGY .indication.is a Boolean variable that indicates to the PCS

that energy has been detected at the PMD. This signal is passed up through the FEC from the PMA sublayer
to the PCS. It has no effect on FEC operation.

74.6 Delay constraints
Insert a new paragraph after the second paragraph of 74.6 as follows:

The maximum delay contributed by the’25GBASE-R FEC (sum of transmit and receive delays at one end of
the link) shall be no more than 6144 BT (or 12 pause quanta or 245.76 ns).

74.7 FEC principle-of.operation
74.7.4 Functions\within FEC sublayer
74.7.4.1 Reverse gearbox function
Change74.7.4.1.2 as follows:

74.7.4.1.2 Reverse gearbox function for 25GBASE-R, 40GBASE-R, and 100GBASE-R

The reverse gearbox function adapts between the 66-bit width of the 64B/66B blocks and the 1-bit wide lane
of the 25GBASE-R, 40GBASE-R, or 100GBASE-R PCS to FEC interface (or PMA to FEC interface). It
receives the 1-bit stream from the FEC service interface (or PMA service interface) and converts it back to
66-bit encoded blocks for the FEC Encoder to process. The reverse gearbox function, if implemented, shall

operate 1n the same manner as the lane block sync tunction detined 1 82.2.12.

The reverse gearbox function receives data via the 2SGBASE-R FEC:IS_UNITDATA . .request primitive (or
via the PMA:IS UNITDATA.request primitive) or via the 40GBASE-R and 100GBASE-R
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FEC:IS UNITDATA i.request primitive (or via the PMA:IS UNITDATA i.request primitive). It obtains
lock to the 66-bit blocks in each bit stream using the sync headers and outputs 66-bit blocks to the FEC
encoder function (see 74.7.4.4). PCS lane lock is obtained as specified in the PCS lane lock state diagram
shown in Figure 82—12.

The internal data-path width from the PCS or PMA is an implementation choice. Depending on the path
width, the reverse gearbox function may not be necessary.

74.7.4.3 FEC transmission bit ordering
Change Figure 74-5 as follows:

FEC:IS_UNITDATA i.request(tx_bit) for 40GBASE-R and 100GBASE-R
FEC:IS_UNITDATA request(tx_bit) for 25GBASE-R (from PCS/PMA)

A

tx_data-group<0> tx_data-group<15> (from PCS for/10GBASE-R)

P Reverse Gearbox function
Sync header
........................................................
64B/668 output ‘ S1 | S2 | S3 sS4 | S5 | S6 | s7 |
of PCS function 0.......70...1..................|..........................
Transcode bit T=|SH.1 XOR S1 o 64B/66B o 65b Transcoder
P  Transcode bit T = SH.1 XOR S1.0
Output of Transcoder ........................................................
function I‘O 7 S1 | S2 | S3 l S4 ‘ S5 ‘ S6 ‘ S7
L I T A N T N T I e o | LN T | L S T T o |
p| FEC (2112,2080) Encoder
Aggregate 32 65b blocks plus 32b Parity
FEC block o 650Block0 Jo 65bBlock 1 64‘——’0 65bBIock3164H032b Parity,

PN-2112 Scrambler

f %4

tx_data-group<0> tx_data-group<15> (to PMA for 10GBASE-R)

PMA:IS_UNITDATA_j.request(tx_bit) for 40GBASE-R and 100GBASE-R -g—
PMA:IS_UNITDATA request(tx_bit) for 25GBASE-R (to PMA)

Figure 74-5—FEC Transmit bit ordering

71
Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved



https://standardsiso.com/api/?name=4f3627ef0f3caf579a165373f2aab08b

ISO/IEC/IEEE 8802-3:2017 /Amd.2:2017(E)

IEEE Std 802.3by-2016
|IEEE Standard for Ethernet—Amendment 2: Media Access Control Parameters,
Physical Layers, and Management Parameters for 25 Gb/s Operation

74.7.4.4 FEC (2112,2080) encoder

Change Figure 74—6 as follows:.
|

|
tx_bit (from PCS/PMA for 25GBASE-R, 40GBASE-R, and 100GBASE-R)
or tx_data-group<15:0> (from PCS for 10GBASE-R)
|
FEC (2112,2080) Encoder‘

Reverse Gearbox PN-2112
Generator
*648/668 blocks<65:0> )
Compress Sync bits Message or
(64B/66B to 65bit [ |  Parity Selector
blocks)
65b blocks

m(x)
FEC 32g (ti()t Parit:
-bit Parity
Generator P(x)

tx_data-group<45:0> (to PMA for 10GBASE-R) or
tx_bit (to PMA for 266GBASE-R, 40GBASE-R, and 100GBASE-R)

v

Figure 74-6—FEC (2112,2080) encoding

74.7.4.5 FEC decoder
Change third paragraph of 74.7.4.5 as_ follows:

When the decoder for I0GBASE-R or 25GBASE-R is configured to indicate decoding error, the decoder
indicates error to the PCS by means of setting both sync bits to the value 11 in the 1st, 9th, 17th, 25th, and
32nd of the 32 decoded 64B/66B blocks from the corresponding errored FEC block, thus forcing the PCS
sublayer to consider thi§ block as invalid.
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74.7.4.5.1 FEC (2112,2080) decoding

Change Figure 74-8 and item b) as follows:
|

[
rx_bit (from PMA for 25GBASE-R, 40GBASE-R, and 100GBASE-R)
or rx_data-group<15:0> (from PMA for 10GBASE-R)
|
FEC (2112,2080) Decoder

r(x) PN-2112
- Generator

Descrambled data
Control/status variables
FEC Block

(from MDIO registes)| Syne -
(2112,2080) FEC Error,
Decoder > Monitop
+65b blocks
Reconstruct
64B/66B 5
blocks

I
rx_data-group<15:0> (to PCS for 10GBASE-R) or
rx_bit (to PCS/PMA for 25GBASE-R, 40GBASE-R, and 100GBASE-R)

'

Figure 74-8—'FEC (2112,2080) decoding

b) If the variable FEC Enable Error to PCS is set to 1 to indicate error to PCS layer and the received
FEC block has uncorrectable errors then the sync bits for the 1st, 9th, 17th, 25th, and 32nd of the
32 decoded 64B/66B .blocks take a value of {SH.0,SH.1} = 11 for the 10GBASE-R and
25GBASE-R PHY.«For the 40GBASE-R and 100GBASE-R PHYs, sync bits in all thirty-two
64B/66B decoded 64B/66B blocks take a value of {SH.0,SH.1} = 11. The sync bits for all other
64B/66B blocks.tdke a value as described in item a) above.
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74.7.4.6 FEC receive bit ordering

Change Figure 74-9 as follows:.

FECIS_UNITDATA J.requesi(rx_bit) (to PCS/PMA for 40GBASE-R and 100GBASE-R)
FEC:IS_UNITDATA request(rx_bit) (to PCS/PMA for 25GBASE-R)

tx_data-group<0> tx_data-group<15> (to PCS for 10GBASE-R)

Sync header
L e e B B B
64B/668 blocks I S0 ] ‘ 2 ‘ s3 ‘ 4 ‘ S5 | 6 57
to PCS function 0 10 o Tl T s e b b b e
SHO  SH.1

P Reconstruct 65b to 64B/66B blocks

Descrambled Transcode bit T

I ‘OI L ) I7 OI 11 l L1l ‘ 11 ISIZI 11 ‘I 1 ISI?)I 11 ‘ 11 IS|4I 11 ‘ 100 ISISI 11 ’ 11 l 111 I 11 | I 11 |“
- Descramble Transcode-hit
T = Received Transeodebit XOR S1.0

Received Transcode bit S1 ‘0

- FEC (2112,2080) Decoder
and'Error correction (32 65b Blocks)

PN-2112 Descrambler and
|  FEC block Sync

FECbock L esbBiocko 3l @SbBlock1 o[-~ |, 68bBiock31 ||, 32b Parly 31‘4—‘

tx_data-group<0> tx_data-group<15> (from PMA for 10GBASE-R)

—— PMA:IS_UNITDATA _i.request(rx_bit) (from PMA for 40GBASE-R and 100GBASE-R)
PMA:IS_UNITDATA.request(rx_bit) (from PMA for 25GBASE-R)

Figure 74-9—FEC Receive bit ordering

74
Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved



https://standardsiso.com/api/?name=4f3627ef0f3caf579a165373f2aab08b

ISO/IEC/IEEE 8802-3:2017 /Amd.2:2017(E)

IEEE Std 802.3by-2016
|IEEE Standard for Ethernet—Amendment 2: Media Access Control Parameters,
Physical Layers, and Management Parameters for 25 Gb/s Operation

74.7.4.8 FEC rapid block synchronization for EEE (optional)

Change the first paragraph of 74.7.4.8 (and split it into multiple paragraphs) as follows:

If the optional EEE capability is supported then during the wake and refresh states the FEC decoder receives
one of the two types of deterministic blocks to achieve rapid block synchronization. During these states the
reverse gearbox of the remote FEC encoder is receiving unscrambled data from the PCS sublayer via 16-bit
FEC_UNITDATA request primitive.

The A Clause 49 and Clause 107 PCS sublayers encodes /I/ during the wake state and /LI/ during the refresli
state, which produces the two types of deterministic FEC blocks.

If the optional EEE deep sleep capability is supported, then a Clause 82 PCS sublayer also encodesvI/ during
the wake state and /LI/ during the refresh state, but in addition inserts Rapid Alignment Markers'into each of
the PCS Lanes (see 82.2.9). This causes the two types of deterministic FEC blocks to have-anumber of 65-
bit words within the deterministic FEC block replaced with Rapid Alignment Markers,\thus not matching
the two deterministic patterns as shown in Table 74A-5 and Table 74A—6. The loeations of the Rapid
Alignment Markers within the Rapid FEC block are consistent for a given entry_into the wake or refresh
states, but the locations can vary for subsequent entries. This modification to the/two deterministic patterns
needs to be taken into account by the Rapid FEC Lock implementation.
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74.8 FEC MDIO function mapping

Change Table 74—1 as follows:.

Table 74-42—MDIO/FEC variable mapping

MDIO variable PMA/PMD register name Register/bit FEC variable

number
BASE-R FEC ability BASE-R FEC ability register 1.170.0 FEC_ability
BASE-R FEC Error BASE-R FEC ability register 1.170.1 FEC_Error_Indication_ability
Indication ability
FEC Enable BASE-R FEC control register 1.171.0 FEC_Enable
FEC Enable Error BASE-R FEC control register 1.171.1 FEC _EnableyError to PCS
Indication
FEC corrected blocks 10GBASE-R-Single-lane 1.172,1.173 FEC CorreCted_blocks_counter

PHY BASE-R FEC corrected
blocks counter register
FEC uncorrected blocks +0GBASE-R-Single-lane 1.174,1.175 BEC uncorrected blocks counter
PHY BASE-R FEC uncor-
rected blocks counter register
FEC corrected blocks, BASE-R FEC corrected 14300 FEC corrected blocks counter i
lanes 0 through 19 blocks counter register, lanes through
0 through 19 1.339

FEC uncorrected BASE-R FEC uncorrected 1.700 FEC uncorrected blocks counter i
blocks, lanes 0 through blocks counter register, lates through
19 0 through 19 1.739

74.8.1 FEC capability

Change last paragraph of 74.8.1 as follows:

The FEC capability between’the link partners can be n

defined in 73.6.5.

74.9 BASE-R PHY test-pattern mode

Change-74.9 as follows:

egotiated using the Clause 73 Auto-Negotiation as

The’ 10GBASE-R PCS and the 25GBASE-R PCS provides test-pattern functionality and the PCS transmit
channel and receive channel can each operate in normal mode or test-pattern mode (see 49.2.2). When the
10GBASE-R or 25GBASE-R PHY is configured for test-pattern mode, the FEC function may be disabled
by setting the FEC Enable variable to zero, so the test-pattern from the H0GBASE-R PCS can be sent to the
PMA service interface, bypassing the FEC Encode and Decode functions.

The Clause 82 and Clause 107 PCS can also operate in test pattern mode (see 82.2.11 and 107.2.3);
however, the scrambled idle test pattern does not require bypassing FEC encode and decode.

76
Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved



https://standardsiso.com/api/?name=4f3627ef0f3caf579a165373f2aab08b

ISO/IEC/IEEE 8802-3:2017 /Amd.2:2017(E)

IEEE Std 802.3by-2016
|IEEE Standard for Ethernet—Amendment 2: Media Access Control Parameters,
Physical Layers, and Management Parameters for 25 Gb/s Operation

74.11 Protocol implementation conformance statement (PICS) proforma for
Clause 74, Forward Error Correction (FEC) sublayer for BASE-R PHYs*

74.11.3 Major capabilities/options

Change item DC in the table in 74.11.3 as follows:

Item Feature Subclause Value/Comment Status Support

DC FEC Delay Constraints | 74.6 Sum of transmit and receive. No M Yes /]
more than 12 pause quanta for
10GBASE-R and 25GBASE-R,
48 pause_quanta for 40GBASE-R,
and 240 pause_quanta for
100GBASE-R

74.11.5 FEC Requirements

Change item FE4 in the table in 74.11.5 as follows:

Item Feature Subclause Value/Comment Status Support
FE4 Reverse gearbox function for 74.7.4.1.2 | Reverse gearbox function 0] Yes [ ]
25GBASE-R, 40GBASE-R, meéets the requirements of No[]
and 100GBASE-R 82.2.12

4Copyright 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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78. Energy-Efficient Ethernet (EEE)

78.1 Overview

Change the third paragraph of 78.1 as follows:

EEE supports operation over twisted-pair cabling systems, twinax cable, electrical backplanes, optical fiber,
the XGXS for 10 Gb/s PHYSs, the 25GAUI for 25 Gb/s PHYSs, the XLAUI for 40 Gb/s PHYSs, and the
CAUI-10 or CAUI-4 for 100 Gb/s PHYs. Table 78-1 lists the supported PHYs and interfaces and their
associated clauses.

78.1.1 LPI Signaling
Change the fourth and fifth paragraph of 78.1.1 as follows:

The EEE request signals from the PCS control transitions between quiescent and potmal operation. The
Clause 49 PCS, Clause 107 PCS, and Clause 82 PCS also request transmit alert operation to assist the part-
ner device PMD to detect the end of the quiescent state. Additionally the-Clause49-PCS-and-Clause-82 these
PCS types generate the RX LPI_ACTIVE signal, which indicates to the Claus¢ 74 BASE-R FEC that it can
use rapid block lock because the link partner PCS has bypassed scrambling.

Coding defined in 83.5.11 €lause-83 also allows LPI transmit quietand alert requests from the PCS to be
signaled over the 25GAUI, XLAUI, and CAUI-n interfaces. The-25GAUI, XLAUI, and CAUI-n receive
interfaces infer the quiet and alert requests from the data receiyed over the interface and use that to recreate
the transmit or receive direction signaling. (See-83-5-1-15)

78.1.3 Reconciliation sublayer operation
78.1.3.3 PHY LPI operation

78.1.3.3.1 PHY LPI transmit operation
Change the last paragraph of 78.1.3:3.1 as follows:

For PHYs with an operating,speed of 2540 Gb/s or greater that implement the optional EEE capability, two
modes of LPI operation may be supported: deep sleep and fast wake. Deep sleep refers to the mode for
which the transmitter (ceases transmission during Low Power Idle (as shown in Figure 78-3) and is
equivalent to the only mechanism defined for PHY's with an operating speed of 10 Gb/s or below-less-than
40-Gb/s. Deep sleep support is optional for PHYs with an operating speed of 2540 Gb/s or greater that
implement EEE-with the exception of the PHY's noted in Table 78—1 that do not support deep sleep. Fast
wake refers, to-the mode for which the transmitter continues to transmit signals during Low Power Idle so
that the-reeciver can resume operation with a shorter wake time (as shown in Figure 78-4). For transmit,
other-than the PCS encoding LPI, there is no difference between fast wake and normal operation. Fast wake
suppott is mandatory for PHY's with an operating speed of 2546 Gb/s or greater that implement EEE.
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78.1.4 PHY types optionally supporting EEE

Insert new rows into Table 78—1 between 10GBASE-T and XLAUI/CAUI-10 and change the footnote to
include 25GAUI as follows (unchanged rows not shown):

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

PHY or interface type Clause
25GAUI? 109A
25GBASE-KR 74,107,108, 109, 111
25GBASE-KR-S 74,107,109, 111
25GBASE-CR 74,107, 108, 109, 110
25GBASE-CR-S 74,107, 109, 110
25GBASE-SRP 107, 108, 109, 112

225GAUI/XLAUI/CAUI-n shutdown is supported only when deep&leep
is enabled for the associated PHY.
78.2 LPI mode timing parameters description

Insert two rows into Table 78-2 between 10GBASE-T and 40GBASE-KR4 as follows (unchanged rows
not shown):

Table 78-2—Summary of the keyEEE parameters for supported PHYs
or.interfaces

T, T, T,
PHY or interface (1s) (H% (ps)
type

Min Max Min Max Min Max
25GBASE-KR 4.9 5.1 1700 1 800 16.9 17.5
25GBASE-CR
25GBASE-KR-S 4.9 5.1 1700 1 800 16.9 17.5
25GBASE-CR-S

78.5 Communication link access latency

Insert a new paragraph before the last paragraph of 78.5 as follows:

Case-1 of the 25GBASE-CR, 25GBASE-CR-S, 25GBASE-KR, and 25GBASE-KR-S PHYs applies to
PHYs in deep sleep without FEC enabled. Case-2 applies to 25GBASE-R PHYs with the BASE-R FEC in
deep sleep. Case-3 applies to 25GBASE-R PHYs with the RS-FEC in deep sleep.
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Insert new rows into Table 78—4 between 10GBASE-KR and 40GBASE-KR fast wake and change the last
row and footnote to include 25GAUI as follows (unchanged rows not shown):

Table 78—4—Summary of the LPTfiming parameters for supported PHYs
or interfaces

PHY or interface Case Tw_s.ys_tx T, w_.phy T, phy_shrink_tx T, phy_shrink_rx T, w_s?/s_rx

type (min) (min) (max) (max) (min)
(1s) (1s) (1s) (1s) (1s)

25GBASE-R fast 0.34 0.3 0 0 0.25

wake

25GBASE-CR Case-1 15.38 12.25 5 7.5 2.88

25GBASE-CR-S

25GBASE-KR Case-2 17.38 14.25 5 9.5 2.88

25GBASE-KR-S | (ase-3 15.38 12.25 5 7.5 2.88

25GAUI/XLAUL/ 1

CAUI-n?

* Ty sys 1 18 increased by 1 ps for each instance of 25GAUI/XLAUI/CAUTwith shutdown enabled on the transmit
path. The receiver should negotiate an increase for remote Ty, ¢ for’theTink partner of 1 ps for each instance of
25GAUI/XLAUI/CAUI with shutdown enabled on the receive path.

Change 78.5.2 title and text as follows:

78.5.2 25 Gb/s. 40 Gb/s, and 100 Gb/s PHY.extension using 25GAUI, XLAUI, or CAUI-n

40-Gb/sPHYs—maybe-extended—using 20GAUI, XLAUI, and100-Gb/sPHYs—may beextendedusing
CAUI-10, and er CAUI-4 may be used'as a physical instantiation of the inter-sublayer service interface to
separate functions between devices..The LPI signaling can operate across XEABHEAU-# these interfaces
with no change to the PHY timing parameters described in Table 78—4 or the operation of the Data Link
Layer Capabilities negotiation described in 78.4.

If PMA Egress AUI Stap Enable (PEASE, see 83.3; MDIO register bit 1.7.8) is asserted for any of the PMA
sublayers, the PMA may stop signaling on the XEABHCEAB#1 AUI in the transmit direction to conserve
energy. If PEASEuis asserted, the RS defers sending data following deassertion of LPI by an additional time
equal to 7\ oo\ Ty sys rx as shown in Table 78—4 for each PMA with PEASE asserted (see 81.4.2).

If PMA-Ingress AUI Stop Enable (PIASE, see 83.3; MDIO register bit 1.7.9) is asserted for any of the PMA
sublayers; the PMA may stop signaling on the XEATHEABE#® AUI in the receive direction to conserve
energy. The receiver should negotiate an additional time for the remote 7y, gy (equal to Ty s T sys rx
for'the XEABHCEAH#n AUI as shown in Table 78—4) for each PMA with PIASE to be asserted before
setting the PIASE bits.
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90. Ethernet support for time synchronization protocols

90.1 Introduction

Change the second paragraph of 90.1 as follows:

The TSSI is defined for the full-duplex mode of operation only. It supports MAC operation at various data
rates. The MII (Clause 22), GMII (Clause 35), XGMII (Clause 46), 25GMII (Clause 106), XLGMII
(Clause 81) and CGMII (Clause 81) specifications are all compatible with the gRS sublayer defined in 90.5;
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Insert new Clauses 105 to 112 and corresponding new Annexes 109A to 110C as follows:

105. Introduction to 25 Gb/s networks

105.1 Overview
105.1.1 Scope

25 Gigabit Ethernet uses the IEEE 802.3 MAC sublayer, connected through a 25 Gigabit Media Independent
Interface (25GMII) to Physical Layer entities such as 25GBASE-CR, 25GBASE-CR-S, 25GBASE:KR,
25GBASE-KR-S, and 25GBASE-SR.

25 Gb/s Physical Layer entities, such as those specified in Table 1051, provide a frame loss ratio (see
1.4.223) of less than 6.2 % 10710 for 64-octet frames with minimum interpacket gap.

25 Gigabit Ethernet is defined for full duplex operation only.
105.1.2 Relationship of 25 Gigabit Ethernet to the ISO OSI reference model

25 Gigabit Ethernet couples the IEEE 802.3 MAC to a family of 25 Gbs’Physical Layers. The relationships
among 25 Gigabit Ethernet, the IEEE 802.3 MAC, and the ISO Open\ System Interconnection (OSI) refer-
ence model are shown in Figure 105-1.

It is important to note that, while this specification defines ‘interfaces in terms of bits, octets, and frames,
implementations may choose other data-path widths foriplementation convenience. The only exceptions
are as follows:
a) The PMA service interface, which, when\physically implemented as 25GAUI at an observable
interconnection port, uses a single-lane data path as specified in Annex 109A or Annex 109B.
b) The management interface, which,"When physically implemented as the MDIO/MDC (Management
Data Input/Output and Managenmient Data Clock) at an observable interconnection port, uses a bit-
wide data path as specified in@lause 45.
¢) The Media Dependent,. Interface (MDI) as specified in Clause 110 for 25GBASE-CR and
25GBASE-CR-S, in Clause 111 for 25GBASE-KR and 25GBASE-KR-S, or in Clause 112 for
25GBASE-SR uses(a,single-lane data path.

105.1.3 Nomenclature

The prefix 25GBASE in the port type (e.g., 25GBASE-R) represents a family of Physical Layer devices
operating at aspeed of 25 Gb/s.

The torm’ 25GBASE-R refers to a specific family of Physical Layer implementations based upon the
64B/66B data coding method specified in Clause 107. The 25GBASE-R family is composed of
25GBASE-CR, 25GBASE-CR-S, 25GBASE-KR, 25GBASE-KR-S, and 25GBASE-SR.
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Figure 105-1—Architectural positioning of 25 Gigabit Ethernet

Physical Layer devices listed in Table }05-1 are defined for operation at 25 Gb/s.

Table 105-1—25 Gb/s PHYs

Name

Description

25GBASE-CR

25 Gb/s PHY using 25GBASE-R encoding over one lane of twinaxial copper cable
(see 1.4.407 and Clause 110).

25GBASE*CR-S

25 Gb/s PHY equivalent to 25GBASE-CR without support for the RS-FEC sublayer
(see Clause 110).

25GBASE-KR

25 Gb/s PHY using 25GBASE-R encoding over one lane of an electrical backplane
(see Clause 111).

25GBASE-KR-S

25 Gb/s PHY equivalent to 25GBASE-KR without support for the RS-FEC sublayer
(see Clause 111).

25GBASE-SR

25 Gb/s PHY using 25GBASE-R encoding over a duplex multimode fiber
(see Clause 112).
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105.2 Physical Layer signaling systems

This standard specifies a family of Physical Layer implementations. The generic term 25 Gigabit Ethernet
refers to any use of the 25 Gb/s IEEE 802.3 MAC (the 25 Gigabit Ethernet MAC) coupled with any

IEEE 802.3 25GBASE Physical Layer implementation. Table 105-2 specifies the correlation between
nomenclature and clauses. Implementations conforming to one or more nomenclatures shall meet the
requirements of the corresponding clauses.

Table 105-2—Nomenclature and clause correlation, 25GBASE-R

Clause
< an)
O [y 0 [N D D (=) — o
n < o0 S o S ) ) ) = Z a
o~ ~ ~ — — — — — — — — —
O g a
Nomenclature " o % E % E %
g S £V |2 o &
= =4 ~ 2
£ 8 o | RN ACRERERE:
e | K& Sl sl O |\t @ @ (@ @
z | 5 = 2 2 S48 2 2 |2 |2 |2
s 18 | a Z ol d ¢ |s< |84 |4 |d |4 |4
=1 < n Q0 Q Q S Q Q Q Q Q Q Q
= 58 vl vl vl %! ) ) Y] el el Yl
< m 23} ~ ~ ~ ~ ~ ~ IS ~ N ~ ~ ~
25GBASE-CR M? | M o | M (6] M | M M (0] M
25GBASE-CR-S M (@) M (6] M M (0] M
25GBASE-KR M M O M (0] M M M (@) M
25GBASE-KR-S M O M Q M M (@) M
25GBASE-SR (6] M (6] M M M (0] O M

40 = Optional, M = Mandatory

105.3 Summary of 25.Gigabit Ethernet sublayers

105.3.1 Reconciliation Sublayer (RS) and 25 Gigabit Media Independent Interface (25GMII)
The 25GMII((Clause 106) provides a logical interconnection between the Media Access Control (MAC)
sublayer and Physical Layer entities (PHY). The 25GMII supports 25 Gb/s operation through its 32-bit-wide

transmit-and receive data paths.

The)RS provides a mapping between the signals provided at the 25GMII and the MAC/PLS service
definition.

While the 25GMII is an optional interface, it is used extensively in this standard as a basis for functional
specification and provides a common service interface for the 25GBASE-R PCS (Clause 107).
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105.3.2 Physical Coding Sublayer (PCS)

25GBASE-R PHYs use the PCS specified in Clause 107. The 25GBASE-R PCS performs encoding of data
from the 25GMII to 64B/66B code blocks and transfers the encoded data to the PMA and performs decoding

of 64B/66B blocks from the PMA and transfers the decoded data to the 25GMII.
105.3.3 Forward Error Correction (FEC) sublayer

An FEC sublayer is available for all 25GBASE-R PHYs. The FEC sublayer can be placed in between the
PCS and PMA sublayers or between two PMA sublayers.

The BASE-R FEC (see Clause 74) may be used by some 25GBASE-R PHYs.

The RS-FEC (see Clause 108) may be used by some 25GBASE-R PHYs.

The requirement to implement FEC for each Physical Layer implementation is summarized in 105.2.
105.3.4 Physical Medium Attachment (PMA) sublayer

The PMA sublayer provides a medium-independent means for the PCS to support the use of a range of phys-
ical media. The PMA performs the mapping of transmit and receive data,streams between the PCS and PMA
via the PMA service interface and mapping of transmit and receive data Streams between the PMA and PMD
via the PMD service interface.

The 25GBASE-R PMA (see Clause 109) performs retiming of the received data stream when appropriate,
optionally provides data loopback at the PMA or PMD service’interface, and optionally provides test-pattern
generation and checking. The 25GBASE-R PMA also may provide the observable electrical interface for the
25GAUI chip-to-chip (C2C) or chip-to-module (C2M) (see Annex 109A and Annex 109B).

105.3.5 Physical Medium Dependent (PMD) sublayer

The PMD sublayer is responsible for interfacing to the transmission medium.

The MDI connects the PMD to theanédium and is defined in the associated PMD clause.

The 25GBASE-R PMDs and.their corresponding media are specified in Clause 110, Clause 111, and
Clause 112.

105.3.6 Auto-Negotiation (AN)

AN provides(a linked device with the capability to detect the abilities (modes of operation) supported by the
device at the other end of the link, determine common abilities, and configure for joint operation.

Clause, 73 AN is used by the 25GBASE-CR, 25GBASE-CR-S, 25GBASE-KR, and 25GBASE-KR-S PHYs.
105.3.7 Management interface (MDIO/MDC)

The MDIO/MDC management interface (Clause 45) provides an interconnection between MDIO Manage-
able Devices (MMD) and Station Management (STA) entities.

——————————165:3-8-Mamagement

Managed objects, attributes, and actions are defined for all 25 Gigabit Ethernet components. These items are
defined in Clause 30.
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105.4 Service interface specification method and notation

The service interface specification for 25GBASE-R Physical Layers is as per the definition in 1.2.2 and is
based upon the service interface specification in 80.3, but redefined for a single lane.

105.4.1 Inter-sublayer service interface

The inter-sublayer service interface is described in an abstract manner and does not imply any particular
implementation. The inter-sublayer service interface primitives are defined as follows:

IS_UNITDATA request
IS _UNITDATA.indication
IS_SIGNAL.indication

The IS UNITDATA.request primitive is used to define the transfer of a stream of data unitsyffom a sublayer
to the next lower (closer to the medium) sublayer. The IS UNITDATA.indication primjtiveis used to define
the transfer of a stream of data units from a sublayer to the next higher (closer to the"MAC) sublayer. The
IS_SIGNAL.indication primitive is used to define the transfer of signal status from. a sublayer to the next
higher sublayer.

If the optional Energy Efficient Ethernet (EEE) capability with the deep,sleep mode option is supported (see
78.1.3.3.1), then the inter-sublayer service interface includes some\Or“all (depending on sublayer, see
Figure 105-3) of five additional primitives defined as follows:

IS TX MODE.request

IS RX MODE.request
IS_ENERGY_DETECT.indication
IS RX LPI_ACTIVE.request

IS RX TX MODE.indication

The IS TX MODE.request primitive is used\to communicate the state of the PCS LPI transmit function to
other sublayers in the PHY.

The IS RX MODE.request primitive'is used to communicate the state of the PCS LPI receive function to
other sublayers.

The IS RX TX MODE.indication primitive is used to communicate the state of the rx_tx_mode parameter
that reflects the inferred-state of the link partner’s tx_mode parameter from the PMA to other sublayers.

The IS RX LPINACTIVE.request primitive is used to communicate to the BASE-R FEC (see Clause 74)
that the PCS(has detected LPI signaling. This allows the FEC to use rapid block lock; the RS-FEC (see
Clause 108)\does not use this signal.

ThedS ENERGY DETECT.indication primitive is used to communicate that the PMD has detected the
return of energy on the interface following a period of quiescence.

105.4.2 Instances of the Inter-sublayer service interface

The inter-sublayer interface can be instantiated between different sublayers, hence a prefix notation is
defined to identify a specific instance of an inter-sublayer service interface. The following prefixes are

denned:

a) PMD:—for primitives issued on the interface between the PMD sublayer and the PMA sublayer
called the PMD service interface.
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b) PMA:—for primitives issued on the interface between the PMA sublayer and the PCS (or the FEC)
sublayer called the PMA service interface.

c¢) FEC:—for primitives issued on the interface between the FEC sublayer and the PCS (or the PMA)
sublayer called the FEC service interface

Examples of inter-sublayer service interfaces for 25GBASE-R with their corresponding instance names are
illustrated in Figure 105-2 and Figure 105-3. For example, the primitives for one instance of the inter-
sublayer service interface, named the PMD service interface are identified as follows:

PMD:IS_UNITDATA . request

PMD:IS_UNITDATA.indication

PMD:IS_SIGNAL.indication.

Primitives for other instances of inter-sublayer interfaces are represented in a similar mannér-as described
above.

105.4.3 Semantics of inter-sublayer service interface primitives

The semantics of the inter-sublayer service interface primitives for the 25GBASE-R sublayers are described
in 105.4.3.1 through 105.4.3.3.

105.4.3.1 IS_UNITDATA.request

The IS_UNITDATA. request primitive is used to define the transfer’of a stream of data units from a sublayer
to the next lower sublayer.

105.4.3.1.1 Semantics of the service primitive
IS_UNITDATA request(tx_bit)

The data conveyed by IS UNITDATA.request is a continuous stream of encoded bits. The tx_bit parameter
can take one of two values: one or zero.

105.4.3.1.2 When generated

The sublayer continuously sends a bit stream IS UNITDATA.request(tx_bit) to the next lower sublayer, at a
nominal signaling rate of 25.78125 GBd.

105.4.3.1.3 Effect of receipt
The effect ofireceipt of this primitive is defined by the sublayer that receives this primitive.
105.4.322 IS_UNITDATA.indication

The/IS UNITDATA . indication primitive is used to define the transfer of a stream of data units from the sub-
layer to the next higher sublayer.

105.4.3.2.1 Semantics of the service primitive

IS_UNITDATA.indication(rx_bit)

The data conveyed by IS UNITDATA.indication is a continuous stream of encoded bits. The rx_bit
parameters can take one of two values: one or zero.
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PMA

PMD:IS_UNITDATA.request A
PMD:IS_UNITDATA.indication

PMD SERVICE )

INTERFACE
PMB:IS_"SIGNAL.indication
PMD
MDI —»

| MEDIUM

25GBASE-R
25GMII = 25 GIGABIT MEDIAINDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
FEC = FORWARD ERRORCORRECTION PMA = PHYSICAL MEDIUM ATTACHMENT
MAC = MEDIA ACCESS CONTROL PMD = PHYSICAL MEDIUM DEPENDENT

MDI = MEDIUM DEPENDENT INTERFACE
NOTE 1—CONDITIONAL BASED ON PHY TYPE

Figure 105-2—25GBASE-R inter-sublayer service interfaces
105:4.3.2.2 When generated

The sublayer continuously sends a bit stream IS UNITDATA.indication(rx_bit) to the next higher sublayer,
at a nominal signaling rate of 25.78125 GBd.

105.4.3.2.3 Effect of receipt

The effect of receipt of this primitive is defined by the sublayer that receives this primitive.
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MAC AND HIGHER LAYERS

| RECONCILIATION SUBLAYER \

25GMIl —» T
\ 4

| 25GBASE-R PCS |

[T 1
PMA:IS_RX_MODE.request + e
PMA:IS_ENERGY_DETECT.indication

PMA SERVICE PMA:IS_TX_MODE.request
INTERFACE PMA:IS_RX_LPI_ACTIVE.request
PMA
[T T
FEC:IS_RX_MODE.request ] 4 + e XA/
FEC SERVICE FEC:'S_TX_MODE.reqUeSt FEC.|S_ENERGY_DETECT.lndICatIOn
INTERFACE FEC:IS_RX_LPI_ACTIVE.request FEC:IS_RX_TX_MOBE.indication
FEC!
I
PMA:IS_RX_MODE. t
PMA SERVICE 7 reques PMA:IS_ENERGY_DETECT.indication
INTERFACE —> PMA:IS_TX_MODE.request o
¢ ¢ PMA:IS_RX_TX_MODE.indication
| PMA |
|
PMD:IS_RX_MODE.request
PMD SERVICE —
INTERFACE —> PMD:IS_TX_MODE.requeSt
\ A
| PMD |
MDI_ ——»
Note: This diagram illustrates only
the service interfaces associated with ‘ MEDIUM
the optional EEE deep sleep function. . )
25GBASE-R
25GMII = 25 GIGABIT MEDIA INDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
FEC = FORWARD ERROR CQRRECTION PMA = PHYSICAL MEDIUM ATTACHMENT
MAC = MEDIA ACCESS GONTROL PMD = PHYSICAL MEDIUM DEPENDENT

MDI = MEDIUM DEPENDENT INTERFACE
NOTE 1—CONDITIONAL BASED ON PHY TYPE

Figure 105=3—Optional inter-sublayer service interfaces for EEE deep sleep support

105.4.3:3 IS_SIGNAL.indication

The/IS_SIGNAL.indication primitive is generated by the sublayer to the next higher sublayer to indicate the
status of the receive process. This primitive is generated by the receive process to propagate the detection of
severe error conditions (e.g., no valid signal being received by the sublayer that generates this primitive) to
the next higher sublayer.

105.4.3.3.1 Semantics of the service primitive

IS _SIGNAL.indication(SIGNAL OK)
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The SIGNAL_ OK parameter can take on one of two values: OK or FAIL. A value of FAIL denotes that
invalid data is being presented (rx_bit parameters undefined) by the sublayer to the next higher sublayer. A
value of OK does not guarantee valid data is being presented by the sublayer to the next higher sublayer.

105.4.3.3.2 When generated

The sublayer generates the IS_SIGNAL.indication primitive to the next higher sublayer whenever there is
change in the value of the SIGNAL OK parameter.

105.4.3.3.3 Effect of receipt
The effect of receipt of this primitive is defined by the sublayer that receives this primitive.
105.4.3.4 IS_TX_MODE.request
The IS_TX MODE.request primitive communicates the tx_mode parameter generated by the PCS Transmit
Process for EEE capability to invoke the appropriate PMA, FEC, and PMD transmit-EEE states. Without
EEE deep sleep mode capability, the primitive is never invoked and the{sublayers behave as if
tx_mode = DATA.
105.4.3.4.1 Semantics of the service primitive

IS_TX MODE.request(tx_mode)
The tx_mode parameter takes on one of up to three values: DATA, QUIET, or ALERT.
105.4.3.4.2 When generated
This primitive is generated to indicate the low power mode of the transmit path.
105.4.3.4.3 Effect of receipt
The specific effect of receipt of this, pritnitive is defined by the sublayer that receives this primitive. In gen-
eral, when tx_mode is DATA, the-sublayer operates normally and when tx_mode is QUIET, the sublayer
may go into a low power mode,

105.4.3.5 IS_RX_MODE.request

The IS RX MODE.request primitive communicates the rx_mode parameter generated by the PCS LPI
receive functionto-other sublayers.

Without EEE deep sleep mode capability, the primitive is never invoked and the sublayers behave as if
rx_modes DATA.

105)4.3.5.1 Semantics of the service primitive
IS RX MODE.request(rx_mode)

The rx_mode parameter takes on one of two values: DATA or QUIET.

1054:3-5:2- Whenmgenerated

This primitive is generated to indicate the state of the PCS LPI receive function.
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105.4.3.5.3 Effect of receipt

The specific effect of receipt of this primitive is defined by the sublayer that receives this primitive. In gen-
eral, when rx_mode is DATA, the sublayer operates normally and when rx_mode is QUIET, the sublayer

may go into a low power mode.

105.4.3.6 IS_RX_LPI_ACTIVE.request
The IS RX LPI_ACTIVE.request primitive communicates to the FEC that the PCS LPI receive function is
active. This primitive may be passed through a PMA sublayer but has no effect on that sublayer. Thi§
primitive is only used for a PMA sublayer that is between the PCS and a Clause 74 FEC sublayer; in ‘all
other cases the primitive is never invoked and has no effect. Without EEE deep sleep mode capability, the
primitive is never invoked and has no effect.
105.4.3.6.1 Semantics of the service primitive

IS RX LPI_ACTIVE.request(rx_lpi_active)
The parameter rx_lpi_active is Boolean.

105.4.3.6.2 When generated

This primitive is generated to indicate the state of the PCS LPI receive function. It is FALSE when in the
RX_ACTIVE state and TRUE in all other states.

105.4.3.6.3 Effect of receipt
The specific effect of receipt of this primitive is defined by the FEC sublayer that receives this primitive.
When rx_Ipi_active is true, the FEC sublayer uses.rapid block lock to reestablish FEC operation following a
period of quiescence.
105.4.3.7 IS_ENERGY_DETECT.indication
The IS ENERGY DETECT.indication primitive is used to communicate that the PMD has detected the
return of energy on the interface following a period of quiescence. Without EEE deep sleep mode capability,
the primitive is never invoked-and has no effect.
105.4.3.7.1 Semantics’of the service primitive

IS ENERGY DETECT.indication(energy detect)
The paranteter energy_detect is Boolean.

105(4-3.7.2 When generated

This primitive is generated by the PMA, reflecting the state of the signal _detect parameter received from the
PMD.

105.4.3.7.3 Effect of receipt

Thespecificeffectof Teceiptof thisprimitive sdefimed by the PCS subtayerthat teceives this primitive:

This parameter is used to indicate that activity has returned on the interface following a period of
quiescence.
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105.4.3.8 IS_RX_TX_MODE.indication

The IS RX TX MODE.indication primitive communicates the rx_tx mode parameter. This parameter
indicates the value of tx_mode that the PMA sublayer has inferred from the received signal. Without EEE

deep sleep capability, the primitive is never generated and the sublayers behave as if rx_tx_mode = DATA.
105.4.3.8.1 Semantics of the service primitive

IS RX TX MODE.indication(rx_tx_mode)
The parameter rx_tx_mode is assigned one of the following values: DATA, QUIET, or ALERT.
105.4.3.8.2 When generated
This primitive is generated whenever there is change in the value of the rx_tx_mode parameter.
105.4.3.8.3 Effect of receipt

The specific effect of receipt of this primitive is defined by the sublayer that receiyes it.

105.5 Delay constraints

Predictable operation of the MAC Control PAUSE operation (Clause”3 1, Annex 31B) demands that there be
an upper bound on the propagation delays through the network: This implies that MAC, MAC Control
sublayer, and PHY implementers must conform to certain délay maxima, and that network planners and
administrators conform to constraints regarding the-'¢able topology and concatenation of devices.
Table 105-3 contains the values of maximum sublayep delay (sum of transmit and receive delays at one end
of the link) in bit times as specified in 1.4 and pause’ quanta as specified in 31B.2. If a PHY contains an
Auto-Negotiation sublayer, the delay of the Aute-Negotiation sublayer is included within the delay of the
PMD and medium.

Equation (105-1) specifies the calculation of bit time per meter of fiber or electrical cable based upon the
parameter n, which represents the ratio-of the speed of electromagnetic propagation in the fiber or electrical
cable to the speed of light in a vaguum. The value of #n should be available from the fiber or electrical cable
manufacturer, but if no value is'known then a conservative delay estimate can be calculated using a default
value of n = 0.66. The speed of light in a vacuum is ¢ = 3 X 108 m/s. Table 44-3 can be used to convert fiber
or electrical cable delay values specified relative to the speed of light or in nanoseconds per meter.

Cable delay &

9
25 cho BT/m (105-1)

See 31B;3+7 for PAUSE reaction timing constraints for stations at operating speeds of 25 Gb/s.

105.6 State diagrams
State diagrams take precedence over text.

The conventions of 1.2 are adopted, along with the extensions listed in 21.5.
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Table 105-3—Sublayer delay constraints

Sublayer X?Xi.mun; Maximum b Maximum Notes®
it time) (pause guanta) (ns)

25G RS, MAC, and MAC | 8192 16 327.68 See 106.1.4.
Control
25GBASE-R PCS 3584 7 143.36 See 107.3.
25G BASE-R FEC 6144 12 245.76 See 74.6.
25GBASE-R RS-FEC 24576 48 983.04 See 108.4.
25GBASE-R PMAY 4096 8 163.84 See 109.5¢
25GBASE-CR PMD 512 1 20.48 See 110.4.
25GBASE-CR-S PMD 512 1 20.48 See’110.4.
25GBASE-KR PMD 512 1 20.48 See 111.4.
25GBASE-KR-S PMD 512 1 20.48 See 111.4.
25GBASE-SR PMD 512 1 20.48 See 112.3.

a1 bit time (BT) is equal to 40 ps. (See 1.4.117 for the definition of bit time.)
1 pause_quantum is equal to 20.48 ns. (See 31B.2 for the definition of papse,\quanta.)
“Should there be a discrepancy between this table and the delay requirentents’of the relevant sublayer clause, the
sublayer clause prevails.
dCumulative round-trip delay contributed by up to four PMA stages-inva PHY.

Multiple states of a function that have a transitiondo a common state utilizing different qualifiers (for
example, multiple exit conditions to an IDLE or WAIT state) may be indicated by a shared arrow. An exit
transition arrow must connect to the shared arrow, and the qualifier must be met prior to termination of the
transition arrow on the shared arrow. The shared arrow has no qualifier.

105.7 Protocol implementation conformance statement (PICS) proforma

The supplier of a protocol.implementation that is claimed to conform to any part of IEEE Std 802.3,
Clause 45, Clause 73, Clause)74, Clause 106 through Clause 112, and related annexes demonstrates compli-
ance by completing a ptotocol implementation conformance statement (PICS) proforma.

A completed PICS-proforma is the PICS for the implementation in question. The PICS is a statement of
which capabilities'and options of the protocol have been implemented. A PICS is included at the end of each
clause as appropriate. Each of the 25 Gigabit Ethernet PICS conforms to the same notation and conventions
used in2 N6
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106. Reconciliation Sublayer (RS) and Media Independent Interface (25GMII)
for 25 Gb/s operation

100.17 Overview

This clause defines the characteristics for the Reconciliation Sublayer (RS) and the 25 Gigabit Media
Independent Interface (25GMII) between the Ethernet MAC and PHY. Figure 106—1 shows the relationship
of the RS and 25GMII to the ISO/IEC (IEEE) OSI reference model. The 25 Gb/s RS has identical logical
functionality to the 10 Gb/s RS defined in Clause 46. A physical implementation and associated electrical
characteristics for the 25GMII are not defined.

ETHERNET
LAYERS
| HIGHER LAYERS
osl / LLC OR OTHER MAC CLIENT
REFERENCE
MODEL / MAC CONTROL (OPTIONAL)
LAYERS / MAC
PRESENTATION /7 25GMIl —»
/
SESSION ey 25GBASE-R PCS
/ FeC!
TRANSPORT | /
S PMA PHY
NETWORK |/ oD
DATALINK |/ AN’
/
PHYSICAL MDI —»
___________ ‘ MEDIUM
25GBASE-R

25GMII = 25 GIGABIT MEDIA INDEPENDENT INTERFACE  PHY = PHYSICAL LAYER DEVICE
AN = AUTO-NEGOTIATION PMA = PHYSICAL MEDIUM ATTACHMENT
FEC = FORWARD ERROR-CORRECTION PMD = PHYSICAL MEDIUM DEPENDENT
LLC = LOGICAL LINK:-CONTROL
MAC = MEDIA AGCESS CONTROL NOTE 1—CONDITIONAL BASED ON PHY TYPE

MDI = MEDIUM DEPENDENT INTERFACE
PCS = PHYSIEAL CODING SUBLAYER

Figure 106—-1—RS and 25GMII relationship to the ISO/IEC Open Systems Interconnection
(OSI) reference model and the IEEE 802.3 Ethernet model

The 25GMII is an optional logical interface between the MAC sublayer and the Physical Layer.
The RS adapts the bit serial protocols of the MAC to the parallel format of the PCS service interface.

Though the 25GMII is an optional interface, it is used extensively in this standard as a basis for
specification. The 25 Gb/s Physical Coding Sublayer (PCS) is specified to the 25GMII, so if not

implemented, a conforming implementation behaves functionally as if the RS and 25GMII were
implemented.
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The 25GMII has the following characteristics:
a) Itis capable of supporting 25 Gb/s operation.

b) Data and delimiters are synchronous to clock reference.

c) It provides independent 32-bit-wide transmit and receive data paths.
d) It provides for full duplex operation only.

106.1.1 Summary of major concepts

The following are the major concepts of 25GMII:

a) The 25GMII is functionally similar to other media independent interfaces that have been definéd\for
other speeds, as they all define an interface allowing independent development of MAC and PHY
logic.

b) The RS converts between the MAC serial data stream and the parallel data paths of the. 25GMII.

¢) The RS maps the signal set provided at the 25GMII to the PLS service primitives ‘provided at the
MAC.

d) Each direction of data transfer is independent and serviced by data, control/and clock signals.

e) The RS generates continuous data or control characters on the transmitpath and expects continuous
data or control characters on the receive path.

f)  The RS participates in link fault detection and reporting by nfonitoring the receive path for status
reports that indicate an unreliable link and generating status\reports on the transmit path to report
detected link faults to the DTE on the remote end of the ¢onnecting link.

g) The 25GMII may also support Low Power Idle (LPI)<signaling for PHY types supporting Energy-
Efficient Ethernet (EEE) (see Clause 78).

106.1.2 Application

This logical interface is used to provide media independence so that an identical MAC may be used with all
25GBASE PHY types.

106.1.3 Rate of operation
The 25GMII is specified to suppoOit 25 Gb/s operation.
106.1.4 Delay constraints

The maximum cumulative MAC Control, MAC, and RS round-trip (sum of transmit and receive) delay shall
meet the values-specified in Table 106—1. Bit time is defined in 1.4, and pause_quanta is defined in 31B.2.

Table 106—1—Round-trip delay constraints

Sublaver Maximum Maximum
y (bit time) (pause_quanta)
MAC, RS, and MAC Control 8192 16
95

Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved



https://standardsiso.com/api/?name=4f3627ef0f3caf579a165373f2aab08b

ISO/IEC/IEEE 8802-3:2017 /Amd.2:2017(E)

IEEE Std 802.3by-2016
|IEEE Standard for Ethernet—Amendment 2: Media Access Control Parameters,
Physical Layers, and Management Parameters for 25 Gb/s Operation

106.1.5 Allocation of functions

The allocation of functions at the 25GMII balances the need for media independence with interface simplic-
ity. The 25GMII maximizes media independence by separating the Data Link and Physical Layers of the

OSI seven-layer reference model.

106.1.6 25GMII structure
The 25GMII structure is identical to the XGMII structure specified in 46.1.6.
106.1.7 Mapping of 25GMIl signals to PLS service primitives

The Reconciliation Sublayer (RS) shall map the signals provided at the 25GMII to the PLS)service
primitives defined in Clause 6. The PLS service primitives provided by the RS and described here'behave in
exactly the same manner as defined in Clause 6. Full duplex operation only is implemented at 25 Gb/s;
therefore, PLS service primitives supporting CSMA/CD operation are not mapped through the RS to the
25GMII. The mapping is changed if EEE capability is supported (see 78.3). This behavior and restrictions
are the same as described in 22.7, with the details of the signaling described in 1063, LPI REQUEST shall
not be set to ASSERT unless the attached link has been operational for\ar least one second (i.e.,
link_status = OK, according to the underlying PCS/PMA).

EEE capability requires the use of the MAC defined in Annex 4A forsifuplified full duplex operation (with
carrier sense deferral). This provides full duplex operation but(uses the carrier sense signal to defer
transmission when the PHY is in its low power state.
Mappings for the following primitives are defined for 25 Gb/s’operation:

PLS DATA request

PLS DATA.indication

PLS_CARRIER.indication

PLS SIGNAL.indication

PLS DATA VALID.indication
106.1.7.1 Mapping of PLS_DATA.request

The RS maps the primitive/PLS DATA.request to the 25GMII signals TXD<31:0>, TXC<3:0>, and
TX CLK in the same way:as’for the XGMII as specified in 46.1.7.1.

106.1.7.2 Mapping of PLS_DATA.indication

The RS maps the primitive PLS DATA.indication to the 25GMII signals RXD<31:0>, RXC<3:0> and
RX CLKrin the same way as for the XGMII as specified in 46.1.7.2.

106{1-7.3 Mapping of PLS_CARRIER.indication

25Gb/s operation supports full duplex operation only. The RS never generates the
PLS_CARRIER.indication primitive for PHYs that do not support EEE or Link Interruption.

For PHY s that support EEE capability, CARRIER _STATUS is set in the same way as specified in 46.1.7.3.

————————166-+-7-4 Mappingof PLS—SteNAtmdication

25 Gb/s operation supports full duplex operation only. The RS never generates the PLS SIGNAL.indication
primitive.
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106.1.7.5 Mapping of PLS_DATA_VALID.indication

The RS maps the primitive PLS DATA VALID.indication to the 25GMII signals RXC<3:0> and
RXD<31:0> in the same way as for the XGMII as specified in 46.1.7.5.

106.2 25GMII data stream

The 25GMII data stream has the same characteristics as the XGMII data stream described in 46.2.

106.3 25GMII functional specifications

The 25GMII functions identically to the XGMII specified in 46.3 with the exception that the TX) €LK and
RX CLK frequency shall be 390.625 MHz £100 ppm (also one-sixty-fourth of the MAC transmit.data rate).

106.4 LPI Assertion and Detection
25 Gb/s PHY's may support Clause 78 Energy-Efficient Ethernet (see Table 105£2):
LPI signaling by the 25 Gb/s RS is identical to that defined for XGMII in@6,4.

The operation of LPI in the PHY requires that the MAC does notssend valid data for a time after LPI has
been de-asserted as governed by resolved Transmit 7,,, ;¢ defined-sr78.4.2.3.

This wake-up time is enforced by the transmit LPI state diagram using CARRIER SENSE.indication in an
identical manner to that defined in 46.4.
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106.5 Protocol implementation conformance statement (PICS) proforma for
Clause 106 Reconciliation Sublayer (RS) and Media Independent Interface (25GMil)
for 25 Gb/s operation®

106.5.1 Introduction
The supplier of a protocol implementation that is claimed to conform to Clause 106, Reconciliation Sublayer
(RS) and Media Independent Interface (25GMII) for 25 Gb/s operation, shall complete the following proto-

col implementation conformance statement (PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing\the
PICS proforma, can be found in Clause 21.

106.5.2 Identification

106.5.2.1 Implementation identification

Supplier1

Contact point for inquiries about the PICS!

Implementation Name(s) and Version(s)l’ 3

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systems; System Narne(s)2

NOTE 1—Required for all implementations.
NOTE 2—May be completed as appropriate in meeting the requirements for the identification.

NOTE 3—The terms Name and Version should, be ‘interpreted appropriately to correspond with a supplier’s
terminology (e.g., Type, Series, Model).

106.5.2.2 Protocol summary

Identification of protocol stafidard IEEE Std 802.3by-2016, Clause 106, Reconciliation
Sublayer (RS) and Media Independent Interface
(25GMII) for 25 Gb/s operation

Identification of-amendments and corrigenda to this
PICS proforma'‘that have been completed as part of this
PICS

Have any) Exception items been required? No [ ] Yes [ ]
(See.Clause 21; the answer Yes means that the implementation does not conform to IEEE Std 802.3by-2016.)

Date of Statement

3 Copyright 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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106.5.2.3 Major capabilities/options

Hem Feature——————Subelause—————— Value/Comment Status Suppert
*PHY PHY support of 25GMII 106.2, O Yes [ ]
106.3 No[]
*RS Reconciliation Sublayer 106.2, (0] Yes [ ]
support of 25GMII 106.3 No[]
*LPI Implementation of LPI 106.1.7 (¢} Yes [
NoT\]

106.5.3 PICS proforma Tables for Reconciliation Sublayer and 25 Gigabit Media
Independent Interface

106.5.3.1 General

Item Feature Subclause Value/Comment Status Support
Gl PHY support of MAC data rate | 106.1.3 Support MAC data rate of PHY:M Yes [ ]
25 Gb/s N/AT]
G2 Cumulative MAC Control, 106.1.4 Per Table 106-1 RS:M Yes [ ]
MAC and RS round-trip delay N/AT[]

106.5.3.2 Mapping of PLS service primitives

Item Feature Subclause Value/Comment Status Support
PL1 Mapping to Clause 6 106.1.7 RS implements mapping to RS:M Yes [ ]
Clause 6 PLS service N/A[]
primitives

106.5.3.3 25GMll'signal functional specifications.

Item Feature Subclause Value/Comment Status Support

BSI TX CLK active edges 106.3 TXD and TXC sampled on RS:M Yes [ ]
both edges of TX CLK N/AT[]
FS2 TX CLK frequency 106.3 390.625 MHz + 100 ppm RS:M Yes [ ]
N/AT]
FS3 RX CLK active edges 106.3 RXD and RXC sampled on RS:M Yes [ ]
both edges of RX_CLK N/AT]
FS4 RX CLK frequency 106.3 390.625 MHz £ 100 ppm when | RS:M Yes [ ]
received data rate is within N/AT]

tolerance
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107. Physical Coding Sublayer (PCS) for 64B/66B, type 25GBASE-R

107.1 Overview

107.1.1 Scope

This clause specifies the Physical Coding Sublayer (PCS) that is common to a family of 25 Gb/s Physical
Layer implementations known as 25GBASE-R. The 25GBASE-R PCS is a sublayer of the 25 Gb/s PHY's
listed in Table 105—1. The term 25GBASE-R is used when referring generally to Physical Layers using the
PCS defined in this clause.

107.1.2 Relationship of 25GBASE-R to other standards

Figure 107—1 depicts the relationships among the 25GBASE-R sublayers, the Ethernet’ MAC and
reconciliation layers, and the higher layers.

The 25GBASE-R PCS is identical to the I0GBASE-R PCS specified in Clause 494yith’three exceptions:
1) It has a single-bit interface to the Physical Medium Attachment (PMA)/sublayer rather than the
16-bit interface described in Clause 49.
2) It has the ability to generate the scrambled idle test pattern.

3)  hi_beris asserted if ber_cnt reaches 97 in a 2 ms period. This-differs from the definition in 49.2.13.3,
which defines hi_ber as occurring if ber_cnt reaches 16 ina-J25 us period.

107.1.3 Summary of 25GBASE-R sublayers

Figure 107—1 shows the relationship of the 25GBASE=R.PCS sublayer with other sublayers to the ISO Open
System Interconnection (OSI) reference model.

107.1.3.1 Physical Coding Sublayer (PCS)

The PCS service interface is the 25GMH, which is defined in Clause 106. The 25GMII is identical to the
XGMII, which is the service interface’ of the 10GBASE-R PCS, but operates with 390.625 MHz clocks
rather than 156.25 MHz clocks. The 25GMII provides a uniform interface to the Reconciliation Sublayer for
all 25 Gb/s PHY implementatjons:

The 25GBASE-R PCS provides all services required by the 25GMII.
107.1.4 Inter-sublayer interfaces

The upper interface of the PCS may connect to the Reconciliation Sublayer through the 25GMII. The lower
interface ‘of the PCS connects to the PMA sublayer to support a PMD. If an FEC sublayer is implemented
and the eptional physical instantiation of 25GAUI is not implemented directly below the PCS sublayer, then
the-lower PCS interface connects to the FEC sublayer. The 25GBASE-R PCS has a nominal rate at the PMA
(orFEC) service interface of 25.78125 Gb/s, which provides capacity for the MAC data rate of 25 Gb/s.

It is important to note that, while this specification defines interfaces in terms of bits, octets, and frames,
implementations may choose other data-path widths for implementation convenience.
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ETHERNET
LAYERS
I HIGHFR | AYERS
osl / LLC OR OTHER MAC CLIENT
REFERENCE
MODEL / MAC CONTROL (OPTIONAL)
LAYERS / MAC
PRESENTATION /[ 256MI —»
/] /7
SESSION N 25GBASE-R PCS
/ FEC!
TRANSPORT /
/ PMA PHY
NETWORK |/ / oD
DATA LINK / AN
PHYSICAL VDI ——p
___________ ‘ MEDIUM
25GBASER
25GMIl = 25 GIGABIT MEDIA INDEPENDENT INTERFACE  PHY = PHYSICAL CAYER DEVICE
AN = AUTO-NEGOTIATION PMA = PHYSIGAL MEDIUM ATTACHMENT
FEC = FORWARD ERROR CORRECTION PMD = PHYSICAL MEDIUM DEPENDENT
LLC = LOGICAL LINK CONTROL
MAC = MEDIA ACCESS CONTROL NOTE 1--CONDITIONAL BASED ON PHY TYPE

MDI = MEDIUM DEPENDENT INTERFACE
PCS = PHYSICAL CODING SUBLAYER

Figure 107-1—25GBASE-R PCS relationship to the ISO/IEC Open Systems
Interconnection (OSI) reference model and IEEE 802.3 Ethernet model

107.1.4.1 PCS service interface(25GMII)

The PCS service interface allows the 25GBASE-R PCS to transfer information to and from a PCS client.
The PCS client is the Reconciliation Sublayer. The PCS service interface is defined as the 25GMII in
Clause 106.

107.1.4.2 Physical Medium Attachment (PMA) service interface

The PMA (orEEC) service interface for the PCS is described in an abstract manner and does not imply any
particular\implementation. The PMA (or FEC) Service Interface supports the exchange of encoded data

between-the PCS and PMA (or FEC) sublayer. The PMA (or FEC) service interface is single-bit and defined
inA409:2 and is an instance of the inter-sublayer service interface definition in 105.4.

107.2 Functions within the PCS

The 25GBASE-R PCS shall have all the functionality of the 10GBASE-R PCS specified in Clause 49. In
addition, the PCS has the ability to generate the scrambled idle test-pattern generator specified in 107.2.3.

The BER monitor state diagram shown in Figure 4915 still applies but it shall use a 2 ms timer instead of a
125 ps timer and ber cnt is tested for a value of 97 rather than 16 in the exit conditions from state
BER BAD_ SH. So:
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1)  The definition of “125us_timer” in 49.2.13.2.5 is replaced with “Timer that is triggered every 2 ms
+1%, —25%”.

2)  The definition of “ber_cnt” in 49.2.13.2.4 is replaced with “Count up to a maximum of 97 of the
number of invalid sync headers within the current 2 ms period”

3)  The definition of “hi_ber” in 49.2.13.2.2 is replaced with “Boolean variable that is asserted true
when the ber_cnt reaches 97 indicating a bit error ratio >10~4”

The PCS encodes data and control information into 66-bit blocks. The relationship of block bit positions to
the 25GMII, PMA, and other PCS constructs is illustrated in Figure 107-2 for transmit and Figure 1073 for

receive.
First transfer Second transfer
TXD<\0> TXD<31> TXD<0> TXD<31>
25GM|| ’|||||||’|||||||‘|||||||||||||| ||||ll|III|IIIII‘Ifllllllllll
Sync header x / / / /
output Of encoder E TT T 1 rrr ‘ TTrrrrr ’ TTT | TTT I TT | TTT TTT 1T T1T1T oTT | TTT TT17T | T I TTr T 1171
funCtiOn O|||D|0|||7|||D|1||| |||||||l|||||| ||||||||||||||||||||||||||||
. Scrambler:
Output of scrambler B o o o L 5 L o B s s O
function 0 SO 7‘ | S2 | S3 ‘ S4 ‘ S5 ‘ S6 | S7
Sync header l l
Transmlt bIOCk \ T TT T 1 rrr TTrrrrrr TTrrrrrro TTrr1rroT rrrrrrr Trrrorrr rrr1rorrrT
0 S0 7‘ S1 S2 l S3 l S4 l S5 | S6 | S7 |
» /
Txg<0> TXB<65>

P> instIS_UNITDATA request
PMA/FEC service interface

Figure 107-2—PCS Transmit bit ordering
107.2.1 Notation-conventions
Values represented in binary are shown with the first transmitted bit (the LSB) on the left.

Two~consecutive 25GMII transfers provide eight characters that are encoded into one 66-bit transmission
block:

107.2.2 Transmission order

Block bit transmission order is illustrated in Figure 107-2 and Figure 107-3. Note that these figures show
the mapping from 25GMII to 64B/66B block for a block containing eight data characters.
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First transfer Second transfer

RXD<0> RXD<31> RXD<0> RXD<31>

N

2oGMII

LT

Input to decoder

function 0|||D|0|||7‘|||D|1|||’||||||||||||||||||||||||||||||||||||||||||
Descrambler
Input to descrambler L e
function 0 SO 7‘ S1 ’ S2 ‘ S3 ’ S4 ‘ S5 ’ S6 , 87
Sync header T T T T T T T T
Receiveb|00k \ LI L N N N O O | TITTr 1 rrrrrrrrrr TT T T T 1T 1T [ T T TrTrir [ prrrrrJrrrrrrr
s s e s [ sk s
RxB<0> RxB<65>
Block Sync

inst:IS_UNITDATA.indication
PMA/FEC service interface

Figure 107-3—PCS Receive bit ordering
107.2.3 Test-pattern generator

In addition to those patterns specified in 49.2.8, the PCS shall have the ability to generate a scrambled idle
test pattern. This test pattern is suitablefor receiver tests and for certain transmitter tests.

When enabled, the scrambled idleytest pattern is generated by the scrambler. The input to the scrambler is a
control block (block type=0x1E) with all idles as defined in Figure 49-7. Sync headers are added to the

scrambled data output.

If a Clause 45 MDIO is implemented, then control of the test-pattern generation is from the BASE-R PCS
test-pattern controlregister (3.42).

107.3 LPI

IftheZ25GBASE-R PCS is part of a PHY configured for EEE deep sleep operation, the PCS shall follow the
State diagrams specified in Figure 49-12 and Figure 49-13.

The LPI functions shall use the timer values in Table 107-1 and Table 107-2 for EEE deep sleep operation.

If the 25GBASE-R PCS is part of a PHY configured for EEE fast wake operation, the PCS shall encode and
decode LPI when indicated but the state diagrams specified in Figure 49-12 and Figure 49-13 do not apply.

Management functions may use MDIO register bit LPI FW 3.20.0 to select fast wake operation (see
45.2.3.9.11).
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Table 107-1—Transmitter LPI timing parameters

Parameter Description Min | Max | Units

Tgp Local Sleep Time from entering the TX SLEEP state to when tx_mode is 4.9 5.1 us
set to QUIET

ToL Local Quiet Time from when tx_mode is set to QUIET to entry into the 1.7 1.8 ms
TX_ALERT state

TwL Time spent in the TX_WAKE state 109 | 11.1 us

Ty Time spent in the TX_ALERT and TX_SCR_BYPASS states 1.1 1.3 us

Table 107-2—Receiver LPI timing parameters

Parameter Description Min',“Max | Units

Tor The time the receiver waits for energy _detect to be set to TRUE while in the 2 3 ms
RX SLEEP and RX_ QUIET states before asserting receive fault

Twr Time the receiver waits in the RX_ WAKE state before indicating a waké — 11.5 us
time fault (when scr_bypass_enable = FALSE)

Twr Time the receiver waits in the RX_WAKE state before indicatiiig’ a wake — 13.7 us
time fault (when scr_bypass_enable = TRUE)

Twrr Wake time fault recovery time — 10 ms

107.3 Delay constraints

The maximum delay contributed by the 25SGBASE=R PCS (sum of transmit and receive delays at one end of
the link) shall be no more than 3584 BT (7 pause_quanta or 143.36 ns). A description of overall system
delay constraints can be found in 105.5.

107.4 Support for Auto-Negotiation

A PCS used with a 25GBASE-KR PMD, 25GBASE-KR-S PMD, 25GBASE-CR PMD, or 25GBASE-CR-S
PMD has the same requirements to support auto-negotiation as a PCS used with a 10GBASE-KR PMD.
These are specified in 49.2+16.
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107.5 Protocol implementation conformance statement (PICS) proforma for
Clause 107, Physical Coding Sublayer (PCS) for 64B/66B, type 25GBASE-R®

107.5.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 107, Physical Coding
Sublayer (PCS) for 64B/66B, type 25GBASE-R, shall complete the following protocol implementation
conformance statement (PICS) proforma. A detailed description of the symbols used in the PICS proforma,
along with instructions for completing the PICS proforma, can be found in Clause 21.

107.5.2 Identification

107.5.2.1 Implementation identification

Supplier1

Contact point for inquiries about the PICS!

Implementation Name(s) and Version(s)l’ 3

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systems; System Name(s)2

NOTE 1—Required for all implementations.
NOTE 2—May be completed as appropriate in meeting the requirements for the identification.

NOTE 3—The terms Name and Version should be interpteted appropriately to correspond with a supplier’s
terminology (e.g., Type, Series, Model).

107.5.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3by-2016, Clause 107, Physical Coding
Sublayer (PCS) for 64B/66B, type 25GBASE-R

Identification of amendments‘ahd corrigenda to this
PICS proforma that have been.completed as part of this
PICS

Have any Exceptioniterns been required?  No [ ] Yes [ ]
(See Clause 21ythesanswer Yes means that the implementation does not conform to IEEE Std 802.3by-2016.)

Date of Statement

6Copyright 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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107.5.3 Major capabilities/options

Hem Feature—————Subelause—————— Value/Comment Status Suppert
25GE 25GMII compatibility 106 Compatibility interface is o Yes [ ]
interface supported No[]
MD MDIO 45,49.2.14 | Registers and interface o Yes [ ]
supported No[]
*LPI Implementation of LPI 107.3 o Yes [ |
NoTY

107.5.4 25G PCS

107.5.4.1 Clause 49 functionality

Item Feature Subclause Value/Comment Status Support
PCS1 Supports Clause 49 107.2 M Yes [ ]
functionality No[]
PCS2 BER monitor runs over a 107.2 M Yes [ ]
longer window than specified No[]
in Clause 49

107.5.4.2 Test-pattern generator

Item Feature Subclause Value/Comment Status Support
TP1 Scrambled idle test-pattern 107.2.3 M Yes [ ]
ability No[]
107.5.4.3 LPI
Item Feature Subclause Value/Comment Status Support
LP1 EEE deep sleep 107.3, 49 PHY configured for deep sleep | LPI:O Yes [ ]
operation No[]
N/A[ ]
LP2 Use the correct timer values 107.3 Uses values from Table 107-1 LPI:O Yes [ ]
and Table 1072 No[]
N/A[ ]
LP3 EEE fast wake 107.3 Fast wake operation LPI:M Yes [ ]
Nol]
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107.5.4.4 Delay Constraints

Hem Feature—————Subelause—————— Value/Comment Status Suppert
TIM1 PCS Delay Constraint 107.3 No more than 3584 BT forsum | M Yes [ ]
of transmit and receive path No[]
delays
107
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108. Reed-Solomon Forward Error Correction (RS-FEC) sublayer for
25GBASE-R PHYs

108.7T Overview
108.1.1 Scope

This clause specifies a Reed-Solomon Forward Error Correction (RS-FEC) sublayer for 25GBASE-R PHYs.
The specification is closely related to that of the RS-FEC sublayer for I00GBASE-R PHYs, specified in
Clause 91. Annex 91A provides examples of RS-FEC codewords constructed with the method specifiedvin
this clause.

108.1.2 Position of RS-FEC in the 25GBASE-R PHY sublayers

Figure 108—1 shows the relationship of the 25GBASE-R RS-FEC sublayer to the ISO/IEC Open System
Interconnection (OSI) reference model.

ETHERNET
LAYERS
| HIGHER LAYERS
oSl / LLC OR OTHER\MAC CLIENT
RE,\F/I%FE)EE'\II_CE / MAC CONTROL (OPTIONAL)
LAYERS / MAC
APPLICATION / / RECONCILIATION
PRESENTATION I 25GMIl —»
/7
SESSION S 25GBASE-R PCS
TRANSPORT | / /
/ / PMA PHY
NETWORK / VD
DATALINK |/ AN’
PHYSICAL MDI —>»
__________ MEDIUM
25GMII = 25 GIGABIT MEDIA INDEPENDENT PMA = PHYSICAL MEDIUM ATTACHMENT
INTERFACE PMD = PHYSICAL MEDIUM DEPENDENT
AN = AUTO:NEGOTATION RS-FEC = REED-SOLOMON FORWARD ERROR
LLC = LOGIGAL LINK CONTROL CORRECTION
MAC = MEDIA ACCESS CONTROL
MDI = MEDIUM DEPENDENT INTERFACE NOTE 1—CONDITIONAL BASED ON PHY TYPE

PCS'= PHYSICAL CODING SUBLAYER
PHY = PHYSICAL LAYER DEVICE

Figure 108-1—25GBASE-R RS-FEC relationship to the ISO/IEC Open Systems
Interconnection (OSI) reference model and the IEEE 802.3 Ethernet model

108.2 FEC service interface

This subclause specifies the services provided by the 25GBASE-R RS-FEC sublayer. The service interface
is described in an abstract manner and does not imply any particular implementation.
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The FEC service interface is provided to allow the PCS to transfer information to and from the 25GBASE-R
RS-FEC. The PCS may be connected to the 25GBASE-R RS-FEC using an optional 25GAUI chip-to-chip
(C2C) instantiation of the PMA service interface (see Annex 109A), in which case a PMA is the client of the
FEC service interface.

The FEC service interface is an instance of the inter-sublayer service interface defined in 105.4. The FEC
service interface primitives are summarized as follows:

FEC:IS_UNITDATA. request(tx_bit)
FEC:IS_UNITDATA.indication(rx_bit)
FEC:IS_SIGNAL.indication

The PCS (or PMA) continuously sends a bit stream to the 25GBASE-R RS-FEC ~using the
FEC:IS_UNITDATA.request(tx_bit) primitive, at a nominal signaling rate of 25.78125 GBd.

The 25GBASE-R RS-FEC continuously sends a bit stream to the PCS (or,\PMA) using the
FEC:IS_UNITDATA.indication(rx_bit) primitive, at a nominal signaling rate of 25.78125 GBd. The actual
signaling rate is equal to the underlying PMD signaling rate.

The SIGNAL_OK parameter of the FEC:IS_SIGNAL.indication primitive ¢afvtake one of two values: OK
or FAIL. The value is set to OK when the RS-FEC receive function has identified codeword boundaries as
indicated by FEC align_status equal to true. That value is set to FAIL:whéen the RS-FEC receive function is
unable to reliably establish codeword boundaries as indicated by FEC) ‘align_status equal to false.

If the optional EEE deep sleep capability is supported, thén the FEC service interface includes four
additional primitives as follows:

FEC:IS_TX MODE.request
FEC:IS_RX MODE.request

FEC:IS_RX TX MODE.indication
FEC:IS_ENERGY_ DETECT.indication

When the tx_mode parameter of the FEC:IS_TX MODE.request primitive is QUIET or ALERT, the RS-
FEC sublayer may disable transmit\functional blocks to conserve energy. Otherwise the RS-FEC transmit
function operates normally. . The value of tx mode is passed to the client sublayer via the
PMA:IS TX MODE.request/primitive.

When the rx_mode parameter of the FEC:IS RX MODE.request primitive is QUIET, the RS-FEC sublayer
may disable receive.functional blocks to conserve energy. Otherwise the RS-FEC receive function operates
normally. The valie of rx_mode is passed to the client sublayer via the PMA:IS RX MODE.request
primitive.

The rx (x) mode parameter of the FEC:IS RX TX MODE.indication primitive is used to communicate the
link(pattner’s value of tx_mode as inferred by the PMA. It is assigned the value that is received via the
PMA:IS RX TX MODE.indication primitive.

The energy_detect parameter of the FEC:IS_ ENERGY_DETECT.indication primitive is used to communi-
cate that the PMD has detected the return of energy on the interface following a period of quiescence. It is
assigned the value that is received via the PMA:IS ENERGY_ DETECT.indication primitive.

108.3 PMA compatibility

The 25GBASE-R RS-FEC sublayer is a client of the 25GBASE-R PMA sublayer defined in Clause 109.
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When 25GAUI C2C is used between a device that includes a PCS and a device that includes the RS-FEC,
the 25GBASE-R PMA sublayer is the client of the 25GBASE-R RS-FEC sublayer.

—108-4-Belay-constraints

The maximum delay contributed by the 25GBASE-R RS-FEC sublayer (sum of transmit and receive delays
at one end of the link) shall be no more than 24576 bit times (48 pause_quanta or 983.04 ns). A description
of overall system delay constraints and the definitions for bit times and pause_quanta can be found in 105.5.

108.5 Functions within the 25GBASE-R RS-FEC sublayer

108.5.1 Functional block diagram

A functional block diagram of the 25GBASE-R RS-FEC sublayer is shown in Figure 108-2)
108.5.2 Transmit function

108.5.2.1 Block synchronization

The RS-FEC transmit function uses the bit stream provided by the FEC:ISJUNITDATA. .request primitive.
It obtains lock to the 66-bit blocks in the bit stream using the sync headérs and outputs 66-bit blocks. Block
lock is obtained as specified in the lock state diagram shown in Figre 49-14.

108.5.2.2 Rate compensation for codeword markers-in the transmit direction

The RS-FEC transmit process periodically inserts codéword markers into the transcoded block stream (see
108.5.2.4). In order to maintain the same bit rate after codeword marker insertion, the RS-FEC transmit
process shall perform the rate compensation function described below, or its functional equivalent:

a) Decode the PCS blocks received byrdescrambling (see 49.2.10) and applying the PCS receive
process (see 49.2.11) to obtain the:25GMII character stream.

b) Delete Idle control characters~{{1/), Low Power Idle control characters (/LI/), and ordered sets,
according to the rules in 49:2:4.7 and 49.2.4.10, to create room as necessary for the periodically
occurring codeword markers.

¢) Re-encode the data.stream obtained, by applying the PCS transmit process (see 49.2.5) and
scrambler (see 49.2:6) to obtain 64B/66B blocks.

If the optional EEExdeep sleep capability is supported, when rapid codeword markers are sent, characters are
deleted more frequently in item b) as necessary to maintain a constant bit rate.

NOTE—When, fapid codeword markers are sent, the PCS LPI transmit state diagram (Figure 49-12) is in the
TX WAKE-state, so the data encoded by the PCS comprises one of two control characters, either /I/ or /LI/. Both types
of control-Characters can be deleted for rate compensation. See 78.1.3.1 and 78.1.3.3.1 for more details about LPI wake
cycles:

108.5.2.3 64B/66B to 256B/257B transcoder

The transcoder constructs a 257-bit block, tx scrambled<256:0>, from a group of four 66-bit blocks,
tx_coded j<65:0> where j=0 to 3. For each group of four 66-bit blocks, /=3 corresponds to the most recently
received block. Bit 0 in each 66-bit block is the first bit received and corresponds to the first bit of the

synchronization header.
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Figure 108—2—Functional block diagram

The construction of the transcoded block shall be according to the process described in 91.5.2.5. For each
257-bit block, bit 0 shall be the first bit transmitted.
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108.5.2.4 Codeword marker insertion

In order to support codeword alignment in the receive direction, the 25GBASE-R RS-FEC shall periodically
insert codeword markers into the stream of transcoded blocks as the first 257 bits of every 1024th RS-FEC

codeword (see 108.5.2.5). The distance between the beginning of successive codeword markers is therefore
20480 257-bit transcoded blocks, equivalent to 81920 64B/66B blocks.

Room for codeword markers is created by the rate compensation for codeword markers in the transmit direc-
tion process (see 108.5.2.2) such that the bit rates at the input and the output of the 25GBASE-R RS-FEC
sublayer are equal.

The transmitted codeword marker is a 257-bit block, tx_cwm, constructed of four alignment markers: fol-
lowed by a zero bit. Each alignment marker is built from eight octets My, M, M,, BIP;, My, Mgy Mg, and
BIP; with the bit order shown in Figure 82-9. The BIPj5 field is set to the constant value 0x33yand the BIP,
field is set to the constant value 0xCC.

tx_cwm is constructed as follows:
a) tx_cwm<63:0> are set to bits <65:2> of the alignment marker of PCS lané\0,defined in Table 82-2.
b) tx _cwm<127:64> are set to bits <65:2> of the alignment marker of PCSAatie 1 defined in Table 82-3.

c) tx_cwm<l91:128> are set to bits <65:2> of the alignment marker of PCS lane 2 defined in
Table 82-3.
d) tx_cwm<255:192> are set to bits <65:2> of the alignnient' marker of PCS lane 3 defined in
Table 82-3.
e) tx_cwm<256>is set to 0.
For the optional EEE deep sleep capability, a rapid-method of codeword alignment is used following a
transition of tx_mode from ALERT to DATA, by trafismitting rapid codeword markers. When the value of
tx_down_count is nonzero, rapid codeword markers are sent at the beginning of each codeword. Rapid
codeword markers are identical to regular codeword markers, with the exception that BIPj is set to the value

of tx_down_count instead of the constant,0x33 and BIP5 is set to the bit-wise inversion of tx_down_count
instead of the constant 0xCC.

108.5.2.5 Reed-Solomon encoder

The 25GBASE-R RS-FEC-sublayer employs the Reed-Solomon code RS(528,514) operating over the
Galois Field GF(210) where the symbol size is 10 bits. The encoder described in 91.5.2.7 shall be used.

108.5.2.6 Codeword serialization

Once the data jhas been Reed-Solomon encoded, it shall be serialized and sent to the PMA using the
PMA:IS (UNITDATA request primitive with the transmit bit ordering illustrated in Figure 108-3.

108:5,2.7 RS-FEC encoding for rapid codeword lock (EEE deep sleep)

If the optional EEE deep sleep capability is supported, the RS-FEC transmit function changes its signaling
during LPI refresh and wake periods, as described in this subclause.
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The transition of the PCS LPI transmit state diagram (Figure 49—12) to TX WAKE state is detected by the
change of the tx_mode parameter of the FEC:IS_TX MODE.request primitive from ALERT to DATA. Fol-
lowing this transition, the transmit function behaves as follows:

a) Settx down countto 40, This causes the codeword marker insertion function (108.5.2.4) to insert a

rapid codeword marker in the beginning of each of the following 40 codewords. The value of
tx_down_count is encoded in each rapid codeword marker and is decremented after the rapid
codeword marker is sent.

b) The rapid codeword marker with down_ count=1 sets the location of the subsequent regular
codeword markers, such that a codeword marker is inserted at the beginning of the 1024th codeword
after it. Figure 108—4 depicts the codeword marker locations during this transition.

rapid rapid rapid
codeword codeword codeword normal
marker marker marker codeword
marker

<

I I <5 I

~ :4_ 1024 codewords between last rapid codewofd marker and _>:
~ first normal codeword markér

~ ' '

~
~
~

T
|
|
|
| ~
|
|

3
! 1
| 1

one codeword between
4— rapid codeword markers —

Figure 108—4—Transition from. rapid to normal codeword markers

108.5.3 Receive function
108.5.3.1 Codeword marker lock

The 25GBASE-R RS-FEC shall implement the codeword marker lock process as described in this
subclause.

The RS-FEC receive ,function forms a bit stream by concatenating the bits from the
PMA:IS UNITDATA.indication primitive in the order they are received. This process obtains lock to the
codeword markers-as shown in FEC synchronization state diagram (Figure 108—6). The status of the code-
word marker lock/process is reflected by the state variable FEC align_status.

108.5.3.2 Reed-Solomon decoder

The\Reed-Solomon decoder extracts the message symbols from the codeword, corrects them as necessary,
and’discards the parity symbols. The message symbols correspond to a codeword comprising 20 transcoded
blocks rx_scrambled.

The 25GBASE-R RS-FEC sublayer shall be capable of correcting any combination of up to 7 symbol errors
in a codeword. The 25GBASE-R RS-FEC sublayer shall also be capable of indicating when a codeword
contains errors that were not corrected, The probability that the decoder fails to indicate a codeword with

8 or more symbol errors as uncorrected is expected to be lower than 1076,
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The Reed-Solomon decoder may provide the option to perform error detection without error correction to
reduce the delay contributed by the 25GBASE-R RS-FEC sublayer. The presence of this option is indicated
by the assertion of the FEC_bypass_correction_ability variable (see 108.6.4). When the option is provided,
it is enabled by the assertion of the FEC bypass_correction enable variable (see 108.6.1). This option shall

not be used when the 25GBASE-R RS-FEC sublayer is used to form part of a 25GBASE-SR PHY.

NOTE 1—The PHY may rely on the error correction capability of the 25GBASE-R RS-FEC sublayer to achieve its
performance objectives. It is recommended that acceptable performance of the underlying link is verified before error
correction is bypassed.

The Reed-Solomon decoder shall indicate errors to the PCS sublayer by intentionally corrupting 66-bit
block synchronization headers. When the decoder determines that a codeword contains errors (when the
bypass correction feature is enabled) or contains errors that were not corrected (when the bypass correction
feature is not supported or not enabled), it ensures that, for every other 257-bit block within the,eodeword
starting with the first (1st, 3rd, 5th, etc.), the synchronization header for the first 66-bit block atyjth¢’output of
the 256B/257B to 64B/66B transcoder, rx coded 0<1:0>, is set to 11. In additionsyit “ensures that
rx_coded_0<1:0> corresponding to the second 257-bit block and rx_coded_3<1:0> corresponding to the last
(20th) 257-bit block in the codeword are set to 11.

NOTE 2—Setting rx_coded_0<1:0> to 11 as described causes the PCS to assign R_BLQCK/TYPE=E to the block and
decode its content as EBLOCK R (see 49.2.13.2.1 and 49.2.13.2.3). This will cause all.fraimes 64 bytes and larger that
are fully or partially within the codeword to be discarded.

The Reed-Solomon decoder may optionally provide the ability to bypass the error indication feature to
reduce the delay contributed by the 2SGBASE-R RS-FEC sublayer. The presence of this option is indicated
by the assertion of the FEC bypass_indication_ability variable ($€©108.6.5). When the option is provided it
is enabled by the assertion of the FEC _bypass_indication_enable variable (see 108.6.2).

When FEC_bypass_correction_enable is asserted, the d€coder shall not bypass error indication and the value
of FEC bypass_indication_enable has no effect.

When FEC bypass indication_enable is assertéd, additional error monitoring is performed by the
25GBASE-R RS-FEC sublayer to reduce thedikelihood that errors in a packet are not detected. The Reed-
Solomon decoder counts the number of\symbol errors detected in consecutive non-overlapping blocks of
8192 codewords. When the number,of5symbol errors in a block of 8192 codewords exceeds 417, the Reed-
Solomon decoder shall cause synchronization header rx_coded<1:0> of each subsequent 66-bit block that is
delivered to the PCS to be assigried a value of 00 or 11 for a period of 60 ms to 75 ms.

NOTE 3—This setting of rx, ¢oded<1:0> marks the 64B/66B block as bad and inhibits processing of received packets
by the PCS. The BER moniter state diagram (Figure 49-15) sets hi_ber to true and the PCS block lock is set to false.
When AN is supported and-enabled, this event causes AN to restart.

For the optienal EEE deep sleep capability, the error monitor employed when
FEC_bypass(indication_enable is asserted shall be disabled when rx_Ipi_active is true. The next block of
8192 codewords considered by the error monitor begins on the codeword boundary following the transition
of rx_lpi~active from true to false.

108)5.3.3 Codeword monitor

After codeword marker lock has been achieved, this process continuously checks codeword validity as
indicated by the codeword monitor state diagram (Figure 108—7). When three consecutive uncorrected
codewords are detected, the codeword monitor shall restart the codeword marker lock process. In such
event, it is likely that multiple blocks are marked as bad until codeword marker alignment is found.

NOTE—Marking multiple 64B/66B blocks as bad causes the PCS to assert hi_ber and lose its block lock. When AN is
supported and enabled, this event causes AN to restart.
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108.5.3.4 Codeword marker removal

The first 257 message bits in every 1024th codeword is the vector rx_cwm<256:0> where bit 0 is the first bit
received. The specific codewords that include this vector are indicated by the codeword marker lock

function (108.5.3.1).

For the optional EEE deep sleep capability, when FEC align_status is true and rx_down_count is nonzero,
rx_cwm<256:0> is set to the first 257 message bits in every codeword.

The vector rx_cwm shall be removed prior to transcoding.
108.5.3.5 256B/257B to 64B/66B transcoder

The transcoder extracts a group of four 66-bit blocks, rx_coded j<65:0> where j=0 to 3, from each 257-bit
block rx_scrambled<256:0>. Bit 0 of the 257-bit block is the first bit received.

The transcoder described in 91.5.3.5 shall be used, with the exception that in step f2))h<3:0> is derived by
cross-referencing to g<3:0> using Figure 49-7 instead of Figure 82-5, to account for the block types used by
the 25GBASE-R PCS.

The transcoder creates a stream of 66-bit vectors rx_coded<65:0>, from the groups of four blocks
rx_coded j<65:0> where j=0 to 3. rx_coded 0 is the first block transmitted out of each group.

108.5.3.6 Rate compensation for codeword markers in the receive direction

After the codeword markers have been discarded from transcoding and the stream of rx_coded<65:0> vec-
tors has been obtained, to compensate for the deleted ¢odeword markers, the RS-FEC receive process shall
perform the rate compensation function described belew, or its functional equivalent:

a) Decode the stream of rx_coded vectors by descrambling (see 49.2.10) and applying the PCS receive
process (see 49.2.11) to obtain the 25GMII character stream.

b) Insert /I/ or /LI/, according to the rules in 49.2.4.7, to fill in as necessary for any deleted codeword
markers or rapid codeword markers.

c¢) Re-encode the data stream _obtained, by applying the PCS transmit process (see 49.2.5) and scram-
bling (see 49.2.6) to obtain 64B/66B blocks rx_coded out<65:0>.

If rx_coded<1:0> is eithér)'00 or 11, the process in list item c) shall set rx coded out<1:0> to
rx_coded<1:0> and the process in list item b) shall not insert idle characters at the next block after

rx_coded_out.

If the optional EEE deep sleep capability is supported, this function sets rx_Ipi_active according to the RX
LPI state diagram (Figure 49—13).

108:5.3:7 Rapid codeword lock for EEE deep sleep

If-the optional EEE deep sleep capability is supported, the RS-FEC receive function performs rapid code-
word lock during LPI refresh and wake periods, as described in this subclause.

When rx_mode (or rx_tx_mode if appropriate) transitions from QUIET to DATA:
a)  Start timer hold off timer.

b) Enable the RS-FEC rapid codeword lock mechanism, which attempts to detect rapid codeword
markers sent by the remote RS-FEC transmit function (see 108.5.2.7). When two rapid codeword
markers that are one codeword distance apart are detected (causing entry to state WAKE GOOD in

116
Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved



https://standardsiso.com/api/?name=4f3627ef0f3caf579a165373f2aab08b

ISO/IEC/IEEE 8802-3:2017 /Amd.2:2017(E)

IEEE Std 802.3by-2016
|IEEE Standard for Ethernet—Amendment 2: Media Access Control Parameters,
Physical Layers, and Management Parameters for 25 Gb/s Operation

the FEC synchronization state diagram, Figure 108-6), the start location of the RS-FEC codeword is
set to the start location of the rapid codeword markers. The next codeword marker position is set to
1024 codewords following the rapid codeword marker with down_count=1.

NOTE Tha rons
™o THe-Fa

When the start location is found, FEC_align_status is set to true and test_cw is asserted for each subsequent
codeword, enabling aligned codeword decoding. Assuming the rapid codeword lock has determined the
correct start of codeword location, the RS-FEC codeword monitor state diagram (Figure 108—7) reaches the
CW_GOOD state, and then the decoding in item a) of 108.5.3.6 results in one of two deterministic blocks,
composed of either /I/ or /LI/ control characters.

The RS-FEC sublayer shall hold off asserting SIGNAL_OK until one of the following two events eccurs:
1)  The RS-FEC codeword monitor state diagram (Figure 108—7) reaches the CW_GOOD state.
2) hold off timer done = true.

108.5.3.8 Receive bit ordering

The receive bit ordering shall be as illustrated in Figure 108-5.
108.5.4 Detailed functions and state diagrams
108.5.4.1 State diagram conventions

The body of this subclause is composed of state diagrams, including the associated definitions of variables,
functions, and counters. Should there be a discrepancy between a state diagram and descriptive text, the state
diagram prevails.

The notation used in the state diagrams follows the conventions of 21.5. State diagram timers follow the
conventions of 14.2.3.2. The notation ++ after a.counter or integer variable indicates that its value is to be
incremented.

108.5.4.2 State variables

cw_bad
Boolean variable that is set to true if the Reed-Solomon decoder (see 108.5.3.2) detects any
errors in the current codeword and does not correct them, and is set to false otherwise.

cwm_counter_done
Boolean variable that indicates that cwm_counter has reached its terminal count.

cwm_valid
Boelean variable that is set to true if the received block rx_cwm<256:0> (as defined in
108.5.3.4) is a valid codeword marker. Codeword marker validity is tested by comparing bits
23:0 and 55:32 of rx_cwm<256:0>, on a nibble-wise basis (12 comparisons), against their
respective values in tx_cwm<256:0> (as defined in 108.5.2.4). If nine or more nibbles in the
candidate block match the corresponding known nibbles in the codeword marker, the candi-
date block is considered a valid codeword marker.

FEC align_status
Boolean variable that is set to true when the receiver has found the alignment of the codeword
marker on the PMA service interface.

reset
£ 41 ASCDRASE D RO L Ll )

Beolean—variable—that-eontrol—theresettine ol the 23 GRASERRSHEC sublaver—tis—trae
whenever a reset is necessary including when reset is initiated from the MDIO, during power
on, and when the MDIO has put the 25GBASE-R RS-FEC sublayer into low-power mode.
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restart lock
Boolean variable that is set by the codeword monitor process to reset the synchronization pro-
cess. It is set to true after 3 consecutive uncorrected codewords are received (3_BAD state) and
set to false upon entry into the LOSS OF ALIGNMENT state.

signal ok
Boolean variable that is set based on the most recently received value of
PMA:IS SIGNAL.indication(SIGNAL OK). It is true if the value was OK and false if the
value was FAIL.

slip_done
Boolean variable that is set to true when the SLIP requested by the synchronization state dias
gram has been completed indicating that the next candidate 257-bit block position cah ‘be
tested.

test_ cwm
Boolean variable that is set to true when a candidate block position is available fot t€sting and
is set to false according to the FEC synchronization state diagram in Figure 10846.

test_cw
Boolean variable that is set to true when a new FEC codeword is availablefor decoding and is
set to false according to the codeword monitor state diagram in Figure/108—7.

The following variables are only used for the optional EEE deep sleep capability. If this capability is not
supported, Ipi_rapid_align, rx_lpi_active, and rcwm_counter_done are sgt'to)false, and rx_down_count is set
to 0.
lpi_rapid align
Boolean variable that is set according to the FEC synchronization state diagram in Figure 108—6.
Set to false when reset is true.
rx_Ipi_active
Boolean variable that is set to true when(the'rate compensation for codeword markers in the
receive direction function (108.5.3.6) ififers that the Low Power Idle is being received from the
link partner, and is set to false otherwise.
rewm_counter done
Boolean variable that indicates-that rewm_counter has reached its terminal count.
rx_down_count
The countdown value of,rapid codeword markers inferred by the receiver from rx cwm.
Transmitted rapid codéword markers contain four copies of tx_down_count and four copies of
its bitwise-inverse,from which this value may be extracted.

108.5.4.3 Functions

SLIP
Causes the next candidate block position to be tested. The precise method for determining the
next candidate block position is not specified and is implementation dependent. However, an
implementation shall ensure that all possible block positions are evaluated.

108.5:4.4 Counters

cwm_counter
This counter counts the received codewords that separate the ends of two consecutive code-
word markers. An RS-FEC codeword is 5280 bits. The terminal count of this counter is equal
to the codeword offset between transmitted codeword markers, 1024.

cw_bad count

Countsthe T ber of TOMSTCUtive UICOITeCted COaeWOTds. 1 TS COUMter 15 Setto Zero wienma
codeword is received and cw_bad is false for that codeword.
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The following counters are only used for the optional EEE deep sleep capability:

tx_down_count
A counter that is used when transmitting rapid codeword markers and is decremented each

time a rapid codeword marker is sent. The counter initial value is set to 40 when the tx_mode
parameter of the FEC:IS_TX MODE.request primitive changes from ALERT to DATA. The
terminal count is zero.

rcwm_counter
This counter counts the received codewords that separate the ends of two consecutive rapid
codeword markers. An RS-FEC codeword is 5280 bits. The terminal count of this counter i§
equal to one, which is the codeword offset between transmitted rapid codeword markers,

108.5.4.5 Timers
The following timer is only used for the optional EEE deep sleep capability.

hold_off timer
This timer is started when rx_mode (or rx_tx_mode if appropriate) ttansitions from QUIET to
DATA. The timer terminal count is 11.5 ps. The timer is stoppeddvhen the terminal count is
reached or when the FEC synchronization state diagram entersnthé 2 GOOD state. When the
timer reaches the terminal count, it sets hold_off timer dong = true.
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108.5.4.6 State diagrams
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Figure 108-6—FEC synchronization state diagram
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Figure 108-7—Codeword monitor state diagram

108.6 25GBASE-R RS-FEC MDIO function mapping

The optidnal ‘MDIO capability described in Clause 45 defines several registers that provide control and
status«information for and about the RS-FEC. If MDIO is implemented, it shall map MDIO control bits to
RS-FEC control variables as shown in Table 108—1 and MDIO status bits to RS-FEC status variables as
shewn in Table 108-2. If a separated PMA (see 45.2.1) is connected to the FEC service interface, the MDIO
shall map additional MDIO status bits to additional RS-FEC status variables as shown in Table 108-3.
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Table 108-1—MDIO/RS-FEC control variable mapping

MDIO control variable PMA/PMD register name Rflglj;tl:)lzl?it FEC variable
FEC bypass correction enable RS-FEC control register 1.200.0 FEC _bypass_correction_enable
FEC bypass indication enable RS-FEC control register 1.200.1 FEC bypass_indication_enable
25G RS-FEC enable RS-FEC control register 1.200.2 FEC_Enable

Table 108-2—MDIO/RS-FEC status variable mapping

MDIO control variable PMA/PMD register name Register/bit FEC variable
number

FEC bypass correction ability RS-FEC status register 1.201.0 REC bypass_correction_ability
FEC bypass indication ability RS-FEC status register 1.201.1 FEC bypass_indication_ability
RS-FEC high SER RS-FEC status register 1.2012 FEC_high ser
RS-FEC align status RS-FEC status register 1°204.14 FEC align_status
RS-FEC corrected codewords RS-FEC corrected 1.202,1.203 | FEC corrected cw_counter
counter codewords counter register
RS-FEC uncorrected RS-FEC uncorrected 1.204, 1.205 | FEC uncorrected cw_counter
codewords counter codewords counter register
RS-FEC symbol error counter, RS-FEC symbol] error 1.210, 1.211 FEC_symbol_error_counter_0
lane 0 counter lané 0 register

Table 108-3—MDIO/RS-FEC status variable mapping for separated PMA

MDIO control variable PMA/PMD register name Register/bit FEC variable
number
PCS align status RS-FEC status register 1.201.15 align_status

The following subclauses define variables that are not otherwise defined, e.g., for use by state diagrams.

108.6.1 FEC_bypass_correction_enable

When this variable is set to one, the Reed-Solomon decoder performs error detection without error
correction (see 108.5.3.2). When this variable is set to zero, the decoder also performs error correction. The
default value of the variable is zero. This variable is mapped to the bit defined in 45.2.1.101 (1.200.0).

108.6.2 FEC | indicati ble

This variable is set to one to bypass the error indication function (see 108.5.3.2) when this ability is
supported. When this variable is set to zero, the decoder indicates errors to the PCS sublayer. This variable
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has no effect (the decoder does not bypass error indication) if FEC bypass correction enable (1.200.0) is set
to one. The default value of this variable is zero. This variable is mapped to the bit defined in 45.2.1.101
(1.200.1).

108.6.3 25G RS-FEC Enable

The RS-FEC sublayer shall have capability to enable or disable the FEC function. An MDIO interface or an
equivalent management interface shall be provided to access the variable FEC_Enable for the RS-FEC sub-
layer. When FEC_Enable variable is set to a one, the RS-FEC performs the transmit function as specified in
108.5.2 and the receive function as specified in 108.5.3. When the variable is set to zero, the transmit and
receive functions are disabled, and the RS-FEC sublayer is bypassed, effectively connecting its service inter-
face to the service interface of its underlying sublayer. Implementation of this bypass function should cause
a minimal delay in the transmit and receive paths. This variable is mapped to the bit defined in 45:2)1.101.a
(1.200.2).

108.6.4 FEC_bypass_correction_ability

The Reed-Solomon decoder may have the option to perform error detection witheut error correction (see
108.5.3.2) to reduce the delay contributed by the 2SGBASE-R RS-FEC sublaye¢rThis variable is set to one
to indicate that the decoder has the ability to bypass error correction. The variablg is set to zero if this ability
is not supported. This variable is mapped to the bit defined in 45.2.1.102 (1.201.0).

108.6.5 FEC_bypass_indication_ability

The Reed-Solomon decoder may have the option to bypass thie error indication function (see 108.5.3.2) to
reduce the delay contributed by the 25GBASE-R RS-FEC sublayer. This variable is set to one to indicate
that the decoder has the ability to bypass error indication: The variable is set to zero if this ability is not
supported. This variable is mapped to the bit definedyin 45.2.1.102 (1.201.1).

108.6.6 FEC_high_ser

This variable is defined when the FEC bypass indication ability variable is set to one. When
FEC bypass_indication_enable is set-f0*one, this variable is set to one if the number of RS-FEC symbol
errors in a window of 8192 codewords exceeds the threshold 417 (see 108.5.3.2) and is set to zero otherwise.
This variable is mapped to the bit defined in 45.2.1.102 (1.201.2).

108.6.7 FEC_corrected.ew_counter

A corrected FEC cadeword is a codeword that contained errors that were corrected.

FEC correctéd,cw_counter is a 32-bit counter that counts once for each corrected FEC codeword processed
when FECalign_status is true. This variable is mapped to the registers defined in 45.2.1.103 (1.202, 1.203).

108(6:8 FEC_uncorrected_cw_counter
An uncorrected FEC codeword is a codeword that contains errors (when the bypass correction feature is
supported and enabled) or contains errors that were not corrected (when the bypass correction feature is not

supported or not enabled).

FEC uncorrected cw_counter is a 32-bit counter that counts once for each uncorrected FEC codeword pro-

Tessed witer FEC atign status 15 true.- T s variabie TS Tmapped to - the Tegisters defimed 45211041204,

1.205).
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108.6.9 FEC_symbol_error_counter_0

FEC_symbol error counter 0, as defined in 91.6.11, is a 32-bit counter that counts once for each 10-bit
symbol corrected in lane 0 when FEC align_status is true. This variable is mapped to the registers defined in

45.2.1.106 (1.210, 1.211). For the RS-FEC defined in this clause, all symbols are assigned to lane 0 and all
symbol errors are counted by this counter.

108.6.10 align_status

This variable is assigned the value of rx_block lock as defined by the PCS lock state diagram (Figure 49—14)
used in the block synchronization function (108.5.2.1). This variable is mapped to the bit defined \in
45.2.1.102.1 (1.201.15).
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108.7 Protocol implementation conformance statement (PICS) proforma for
Clause 108, Reed-Solomon Forward Error Correction (RS-FEC) sublayer for
25GBASE-R PHYs’

108.7.1 Introduction
The supplier of a protocol implementation that is claimed to conform to Clause 108, Reed-Solomon Forward
Error Correction (RS-FEC) sublayer for 25GBASE-R PHYs, shall complete the following protocol

implementation conformance statement (PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing\the
PICS proforma, can be found in Clause 21.

108.7.2 Identification

108.7.2.1 Implementation identification

Supplier1

Contact point for inquiries about the PICS!

Implementation Name(s) and Version(s)l’ 3

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systems; System Narne(s)2

NOTE 1— Required for all implementations.
NOTE 2— May be completed as appropriate in meeting the requirements for the identification.

NOTE 3—The terms Name and Version should be dnterpreted appropriately to correspond with a supplier’s
terminology (e.g., Type, Series, Model).

108.7.2.2 Protocol summary

Identification of protocol stafidard IEEE Std 802.3by-2016, Clause 108, Reed-Solomon
Forward Error Correction (RS-FEC) sublayer for
25GBASE-R PHYs

Identification of-amendments and corrigenda to this
PICS proforma'‘that have been completed as part of this
PICS

Have any, Exception items been required?  No [ ] Yes [ ]
(See.Clause 21; the answer Yes means that the implementation does not conform to IEEE Std 802.3by-2016.)

Date of Statement

7Copyright 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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Item Feature Subclause Value/Comment Status Support
*KR 25GBASE-KR Used to form a complete o Yes [ ]
25GBASE-KR PHY No[]
*CR 25GBASE-CR Used to form a complete o Yes [ ]
25GBASE-CR PHY No[]
*SR 25GBASE-SR Used to form a complete o Yes [ ]
25GBASE-SR PHY No /]
DC Delay constraints 108.4 Conforms to delay M Yes [ ]
constraints specified
EF 25G RS-FEC enable 108.6.3 Has the capability to enable M Yes [ ]
and disable the 25G RS-FEC
function
*MD MDIO capability 108.6 Registers and interface o Yes [ ]
supported No[]
*BEC Bypass error correction 108.5.3.2 Capability is supported O Yes [ ]
No[]
*BEI Bypass error indication 108.5.3.2 Capability iS supported o Yes [ ]
No[]
*AUI 25GAUI C2C 108.3 25GAUI C2C used to connect | O Yes [ ]
t0,a PCS No[]
*EEE EEE deep sleep capability Capability is supported O Yes [ ]
No[]

108.7.4 PICS proforma tables for Reed-Solomon Forward Error Correction (RS-FEC)
sublayer for 25GBASE-R PHYs

108.7.4.1 Transmit function

Copyright © 2016 IEEE. All rights reserved.
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Item Keature Subclause Value/Comment Status Support
TF1 Rate eompensation for code- 108.5.2.2 Performs the rate compensa- M Yes [ ]
word ‘markers tion function described
TF2 64B/66B to 256B/257B 108.5.2.3 tx_xcoded<256:0> M Yes [ ]
transcoder constructed per 91.5.2.5
TF3 257-bit block transmission 108.5.2.3 First bit transmitted is bit 0 M Yes [ ]
order
TF4 Codeword marker insertion 108.5.2.4 First 257 message bits to be M Yes [ ]
transmitted from every 1024th
codeword
TF5 Reed-Solomon encoder 108.5.2.5 As specified in 91.5.2.7 M Yes [ ]
1O Codeword serialization 108.5.2.6 Iransmit bit ordering as in M Yes | |
Figure 108-3
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108.7.4.2 Receive function

Item Feature Subclause Value/Comment Status Support
RF1 Codeword marker lock 108.5.3.1 Implemented as described M Yes [ ]
RF2 Reed-Solomon decoder 108.5.3.2 Capable of correcting any M Yes [ ]

combination of up to 7 symbol
errors in a codeword

RF3 Error correction not bypassed | 108.5.3.2 Error correction is not bypassed BEC*SR: | Yes[|]
for 25GBASE-SR M N/A T

RF4 Uncorrected error indication 108.5.3.2 Capable of indicating when a M Yes | ]
codeword contains errors that
were not corrected

RF5 Error indication function 108.5.3.2 Corrupts 66-bit block M Yes [ ]
synchronization headers as
specified
RF6 Error indication when error 108.5.3.2 Error indication is not bypassed BEC*BEIL: | Yes|[]
correction is bypassed when error correction is bypassed | M N/A[]
RF7 Error monitoring while error 108.5.3.2 When the number of §ymbols BEI:M Yes [ ]
indication is bypassed errors in a block of' N/A[]

8192 codewords exceeds 417,
corrupt 66-bitblock
synchroniZation headers for a
period,of'60 ms to 75 ms

RF8 Error monitor while 108.5.3.2 Disabled BEI*EEE: | Yes| ]
rx_lpi_active is true M N/AT]
RF9 Codeword monitor 108.5.3.3 Restarts the codeword marker M Yes [ ]

lock when 3 consecutive uncor-
rected codewords are detected

RF10 | Alignment marker removal 108.5.3.4 rx_cwm removed prior to M Yes [ ]
transcoding
RF11 | 256B/257B to 64B/66B 108.5.3.5 rx_coded j<65:0>, =0 to 3 M Yes [ ]
transcoder constructed per 91.5.3.5 with
cross-referencing to g<3:0> using
Figure 49-7
RF12 | Codewordmarker bit rate 108.5.3.6 Performs the rate compensation M Yes [ ]
compensation function described
RF13 | Codeword marker bit rate 108.5.3.6 Content of blocks with invalid M Yes [ ]
compensation block type replaced by eight /E/
characters
REI4/| Codeword marker bit rate 108.5.3.6 Corrupted sync headers passed M Yes [ ]
compensation through and no idle characters

inserted after them

RF15 | Receive bit ordering 108.5.3.8 As illustrated in Figure 108-5 M Yes [ ]
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Item Feature Subclause Value/Comment Status Support
SD1 SLIP function 108.5.4.3 Ensure that all possible block | M Yes [ ]
positions are evaluated
108.7.4.4 MDIO function mapping
Item Feature Subclause Value/Comment Status Support
MD1 MDIO control and status bit 108.6 Mapped according to MD:M Yes [ ]
mapping Table 108—1 and Table 108-2 N/A[]
MD2 Additional MDIO control and | 108.6 Mapped according to MD*AU | Yes[ ]
status bit mapping Table 108-3 M N/A[]
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109. Physical Medium Attachment (PMA) sublayer, type 25GBASE-R

109.1 Overview

109.1.1 Scope

This clause specifies the Physical Medium Attachment sublayer (PMA) that is common to a family of
25 Gb/s Physical Layer implementations, known as 25GBASE-R. The PMA allows the PCS (specified in
Clause 107) to connect in a media-independent way with a range of physical media. 25GBASE-R can be
extended to support any full duplex medium requiring only that the PMD be compliant with the PMA
interface.

The PMA service interface is defined in an abstract manner and does not imply any |particular
implementation. Electrical interfaces connecting PMA sublayers, known as 25GAUL. are’ defined in
Annex 109A and Annex 109B.

109.1.2 Position of the PMA in the 25GBASE-R sublayers

Figure 109—1 shows the relationship of the PMA sublayer (shown shaded) withrother sublayers to the ISO
Open System Interconnection (OSI) reference model.

ETHERNEF
LAYERS
HIGHER LAYERS
osl
REFERENCE LLC (LOGICALALINK/CONTROL) OR OTHER MAC CLIENT
MODEL /
LAYERS / MAC CONTROL (OPTIONAL)
APPLICATION / MAC—MEDIA ACCESS CONTROL
PRESENTATION / / | RECONCILIATION
/ 25GMII —
SESSION / /
/
TRANSPORT | / / 25GBASE-R PCS
/ FEC'
NETWORK /
PMA PHY
DATA LINK / PMD
AN’
PHYSERY | MDI
25GBASE-R
25GMII = 25 GIGABIT MEDIA INDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
AN = AUTO-NEGOTIATION PHY = PHYSICAL LAYER DEVICE
FEC = FORWARD ERROR CORRECTION PMA = PHYSICAL MEDIUM ATTACHMENT
LLC = LOGICAL LINK CONTROL PMD = PHYSICAL MEDIUM DEPENDENT

MDI = MEDIUM DEPENDENT INTERFACE
NOTE 1—CONDITIONAL BASED ON PHY TYPE

Figure 109-1—25GBASE-R PMA relationship to the ISO/IEC Open Systems

Liad.
LLRLY T
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109.1.3 Summary of functions

The following is a summary of the principal functions implemented (when required) by the PMA in both the
transmit and receive directions:

a) Provide clock and data recovery.

b)  Provide signal drivers.

c) Optionally provide local loopback to/from the PMA service interface.
d)  Optionally provide remote loopback to/from the PMD service interface.

e) Optionally provide test-pattern generation and detection.

The functional block diagram in Figure 109—2 shows the inputs, outputs, test-pattern checking and
generation, loopbacks, and Signal Indication Logic (SIL, see 109.2).

input output
PMA:IS_UNITDATA. request PMA:IS_UNITDATA.indication|  PMA:IS/SIGNAL .indication
Vtest pattern detect® © nfést pattern generate?® ©
local loopbackd
|
PMA Tx PMA Rx

g
remote loopback®
: signal detect|’ _A _________ g EYN
Vtest pattern generate® ! test pattern detect? © *
inst:1S_UNHDATA.request inst:IS_UNITDATA.indication inst:1S_SIGNAL.indication
output input

inst¥'PMD, PMA, or FEC, depending on which sublayer is below this PMA
SIL"= Signal Indication Logic

2 |f 25GAUI immediately above this PMA.

b |f 25GAUI or PMD service interface immediately below this PMA.
¢ Optional.

d Conditional (see 109.4.2)

Figure 109-2—PMA Functional Block Diagram
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109.1.4 PMA sublayer positioning

An implementation may use one or more PMA sublayers to provide an interface with a physical electrical
interface, 25GAUI, between devices. The number of PMA sublayers required depends on the partitioning of

functionality for a particular implementation. An example is illustrated in Figure 109-3. This example
illustrates the partitioning that might arise from implementing an FEC sublayer in a device that is separate
from the PCS. Additional examples are illustrated in Annex 109C.

MAC AND HIGHER LAYERS
RECONCILIATION
25GMII —»

-RPCS

25GAUI —»

MMD 8 PMA

PMD SERVICE INTERFACE —»p

MMD 1 | PMD |

MDI —»

‘ MEDIUM

\W_/

25GBASE-R

25GAUI = 25 GIGABIT ATTACHMENT UNIEINTERFACE MMD = MDIO MANAGEABLE DEVICE
25GMII = 25 GIGABIT MEDIA INDEPENBENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
FEC = FORWARD ERROR CORRECTION PMA = PHYSICAL MEDIUM ATTACHMENT
MAC = MEDIA ACCESS CONTROL PMD = PHYSICAL MEDIUM DEPENDENT
MDI = MEDIUM DEPENDENT.INTERFACE

Eigure 109-3—Example 25GBASE-R PMA layering

Management Data Input/Output (MDIO) Manageable Device (MMD) addresses 1, 8, 9, 10, and 11 are
available for'addressing multiple instances of PMA sublayers (see Table 45—1 for MMD device addresses).
If the PMA sublayer that is closest to the PMD is packaged with the PMD, it shares MMD 1 with the PMD.
More ‘addressable instances of PMA sublayers, each one separated from lower addressable instances by
chip-te-chip interfaces, may be implemented and addressed allocating MMD addresses to PMAs in
ihcreasing numerical order going from the PMD toward the PCS. The example shown in Figure 109-3 could
be implemented with four addressable instances: MMD 8 addressing the lowest PMA sublayer (note that
this cannot share MMD 1 with the PMD as they are not packaged together in this example), MMD 9
addressing the PMA sublayer above the 25GAUI below the FEC, MMD 10 addressing the PMA sublayer
below the 25GAUI above the FEC, and MMD 11 addressing the PMA sublayer closest to the PCS.

The following guidelines apply to the partitioning of PMAs:

a) The inter-sublayer service interface, defined in 105.4, is used for the PMA, FEC, and PMD service
interfaces supporting a flexible architecture with optional FEC and multiple PMA sublayers.
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b) 25GAUI is a 25.78125 GBd serial physical instantiation of the connection between two adjacent
PMA sublayers. As a physical instantiation, it defines electrical and timing specification as well as
requiring a receive re-timing function.

¢)  Opportunities for optional test-pattern eeneration, optional test-pattern detection, optional local

loopback and optional remote loopback are dependent upon the location of the PMA sublayer in the
implementation. See Figure 109-2.

d) A minimum of one PMA sublayer is required in a PHY.
e) A maximum of four PMA sublayers are addressable as MDIO MMDs.

109.2 PMA service interface

This subclause specifies the services provided by the 25GBASE-R PMA. The service interface for this PMA
is described in an abstract manner and does not imply any particular implementation. The' PMA service
interface supports the exchange of encoded data. The PMA translates the encoded data to‘and from signals
suitable for the medium.

The PMA service interface is an instance of the inter-sublayer service interface defined in 105.4. The PMA
service interface primitives are summarized as follows:

PMA:IS_UNITDATA request
PMA:IS_UNITDATA.indication
PMA:IS_SIGNAL.indication

The PMA continuously sends a bit stream to the PMA client (e.g., PCS) at a nominal signaling rate of
25.78125 GBd. Likewise the PMA client continuously seqids a bit stream to the PMA.

In the Tx direction, if data from a PMA:IS_UNITDATA.request primitive is received over a 25GAUI, clock
and data are recovered on the lane to recover data one bit at a time. Each recovered bit is sent to the sublayer
below using the inst:IS_UNITDATA.request primitive.

In the Rx direction, when data s\ received from the sublayer below the PMA wusing the
inst:IS_ UNITDATA.request primitiv¢, each received bit is sent to the PMA client using the
PMA:IS UNITDATA.indication primitive.

PMA:IS_SIGNAL.indication(SIGNAL OK) is generated based on receipt of
inst:IS_SIGNAL.indication(SIGNAL OK) from the sublayer below and status of the input signal as
determined by the signal detect function (see Figure 109-2). When
inst:1IS_SIGNAL.indication(SIGNAL _OK) has the value FAIL or the signal detect function detects an
invalid signal{ PMA:IS SIGNAL.indication(SIGNAL OK) shall have the value FAIL, otherwise
PMA:IS_SIGNAL.indication(SIGNAL OK) shall have the value OK. The operation of the signal detect
function is beyond the scope of this standard.

If theloptional Energy Efficient Ethernet (EEE) capability with the deep sleep mode option is supported (see
Clause 78, 78.1.3.3.1) then the inter-sublayer service interface includes four additional primitives defined as
follows:

PMA:IS_TX MODE.request
PMA:IS RX MODE.request
PMA:IS ENERGY DETECT.indication

PMA:IS RX TX MODE.indication
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A physically instantiated service interface with the optional Energy Efficient Ethernet (EEE) capability with
the deep sleep mode option (see 78.1.3.3.1) may enter a low power state to conserve energy during periods
of low link utilization. The ability to support transition to a low power state in the ingress direction is indi-
cated by register 1.1.9 (PMA Ingress AUI Stop Ability, PIASA). The ability to support transition to a low

power state in the egress direction is indicated by register 1.1.8 (PMA Egress AUI Stop Ability, PEASA).
Transition to the low power state in the ingress direction is enabled by register 1.7.9 (PMA Ingress AUI Stop
Enable, PIASE). Transition to the low power state in the egress direction is enabled by register 1.7.8 (PMA
Egress AUI Stop Enable, PEASE). The system shall not assert the enable bit for an interface unless the cor-
responding ability bit at the other side of the interface is also asserted. If the PIASE bit is TRUE, then the
PMA may disable transmitters on the physical instantiation of the ingress AUI when aui tx mode_i§
QUIET. If the PEASE bit is TRUE, then the PMA may disable transmitters on the physical instantiation\of
the egress AUI when tx_mode is QUIET.

109.3 Service interface below PMA

Since the architecture supports multiple PMA sublayers, there are several different(suiblayers that may
appear below a PMA, including FEC, the PMD, or another PMA. The variable inst‘represents whichever
sublayer appears below the PMA.

The sublayer below the PMA utilizes the inter-sublayer service interface \defined in 105.4. The service
interface primitives provided to the PMA are summarized as follows:

inst:IS UNITDATA. request(tx_bit)
inst:IS_UNITDATA.indication(rx_bit)
inst:1IS_SIGNAL.indication(SIGNAL OK)

Note that electrical and timing specifications of the sefviee interface are defined if the interface is physically
instantiated (e.g., 25GAUI), otherwise the servieg.interface is specified abstractly. The service interface
below the PMA has an input and output for data‘transfer and a status input indicating a good signal sent by
the sublayer below the PMA (see Figure 109-2).

In the Tx direction, data received via thetPMA:IS UNITDATA request primitive from the PMA client at the
PMA service interface is sent to the’sublayer below the PMA via the inst:IS UNITDATA.indication
primitive.

In the Rx direction, if the bityis received over a physically instantiated interface (e.g., 25GAUI), clock and
data are recovered on tlie [ane receiving the bit. The bit is routed through the PMA to an output lane toward
the PMA client, sending the bit to the PMA client using the PMA:IS UNITDATA .indication primitive at
the PMA service interface.

If the optional-Energy Efficient Ethernet (EEE) capability with the deep sleep mode option is supported (see
Clause 78,.78.1.3.3.1) then inter-sublayer service interface for the sublayer below the PMA includes four
additional primitives defined as follows:

inst:IS_TX MODE.request
inst:.1IS RX MODE.request

inst:1IS_ ENERGY_DETECT.indication
inst:1IS_ RX_TX MODE.indication
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109.4 Functions within the PMA

109.4.1 Signal drivers

For cases where the interface between the PMA client and the PMA, or between the PMA and the sublayer
below the PMA represent a physically instantiated interface, the PMA provides electrical signal drivers for
that interface.

The electrical and jitter/timing interface requirements for the 25GAUI chip-to-chip (C2C) are specified in
Annex 109A.

The electrical and jitter/timing interface requirements for the 25GAUI chip-to-module (C2M) are specified
in Annex 109B.

109.4.2 PMA local loopback mode

PMA local loopback shall be provided by the PMA adjacent to the PMDXfor 25GBASE-CR,
25GBASE-CR-S, 25GBASE-KR, and 25GBASE-KR-S. PMA local loopback moede is optional for other
PMDs or for PMAs not adjacent to the PMD. If it is implemented, it shall be as described in this subclause.

The PMA local loopback function involves looping back the input to the output. Each bit received from the
PMA:IS_UNITDATA. request(tx_bit) primitive is looped back in the/direction of the PCS using the
PMA:IS UNITDATA.indication(rx_bit) primitive.

Ability to perform the local loopback function is indicated by-the Local loopback ability status variable. A
device is placed in local loopback mode when the Local doopback enable control variable is set to one, and
removed from local loopback mode when this variableds set to zero.

If the optional Clause 45 MDIO is implemented, the' PMA receive process maps the Local loopback_ability
and Local loopback enable variables to the registers and bits defined in 109.6.

109.4.3 PMA remote loopback mode

PMA remote loopback mode is optional. If implemented, it shall be as described in this subclause.

When remote loopback isk-enabled, each bit from the service interface below the PMA via
inst:IS_UNITDATA .indieation is looped back toward the PMD via inst:IS UNITDATA request. Note that
the service interface belew the PMA can be provided by the FEC or PMD.

The ability to petform this function is indicated by the Remote loopback ability status variable. A device is
placed in remot€ loopback mode when the Remote loopback enable control variable is set to one, and

removed from remote loopback mode when this variable is set to zero.

If the-optional Clause 45 MDIO is implemented, the PMA receive process maps the Remote loopback ability
and Remote loopback enable variables to the registers and bits defined in 109.6.

109.4.4 PMA test patterns

Where the output of the PMA appears on a physically instantiated interface 25GAUI or the PMD service
interface, the PMA may optionally generate and detect test patterns. These test patterns are used to test

adjacent layer interiaces for an individual PV sublayer of 10 perform testing between a physically
instantiated interface of a PMA sublayer and external testing equipment.
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109.4.4.1 Transmit PRBS31 test-pattern generation

The ability to generate PRBS31 test patterns in the transmit direction is indicated by the
PRBS31 Tx_ generator ability status variable. If supported, transmit PRBS31 test-pattern generation is

enabled by the PRBS31_enable and PRBS_Tx_gen enable control variables. When transmit PRBS31 test-
pattern generation is enabled, the PMA shall generate a PRBS31 pattern as defined in 49.2.8 toward the
service interface below the PMA via the inst:IS_ UNITDATA. .request primitive.

If the optional Clause45 MDIO is implemented, the PMA transmit process maps the
PRBS31 Tx_checker ability, PRBS31 Rx_checker ability, PRBS31 enable, and PRBS Tx gen enabl¢
variables to the registers and bits defined in 109.6.

To avoid correlated crosstalk between this link and other locally implemented links, ity'is) highly
recommended that the PRBS31 patterns generated on each link use independent, random seeds of ensure a
minimum offset of 20 000 UI between the PRBS31 sequence on any two links.

109.4.4.2 Receive PRBS31 test-pattern generation

The ability to generate PRBS31 test patterns in the receive direetionr is indicated by the
PRBS31 Rx generator ability status variable. If supported, receive PRBS31” test-pattern generation is
enabled by the PRBS31 enable and PRBS Rx_gen enable control varidbles. When receive PRBS31 test-
pattern generation is enabled, the PMA shall generate a PRBS31 pattérr as defined in 49.2.8 toward the
PMA client via the PMA:IS_UNITDATA.indication primitive. Whilg ‘this test pattern is enabled, the PMA
also generates PMA:IS_SIGNAL.indication(SIGNAL_OK) indicating a valid signal (SIGNAL OK=0K)
toward the PMA client independent of the status at the service interface below the PMA. When receive
PRBS31 test-pattern generation is disabled, the PMA returns t0 normal operation.

If the optional Clause45 MDIO is implemented, the PMA receive process maps the
PRBS31 Rx_generator_ability, PRBS31 enable,-and PRBS Rx_gen enable variables to the registers and
bits defined in 109.6.

To avoid correlated crosstalk between this link and other locally implemented links, it is highly
recommended that the PRBS31 patterns*generated on each link use independent, random seeds or ensure a
minimum offset of 20 000 UI between the PRBS31 sequence on any two links.

109.4.4.3 Transmit PRBS31 test-pattern checking

The ability to check.) PRBS31 test patterns in the transmit direction is indicated by the
PRBS31 Tx_checker ability status variable. If supported, the transmit PRBS31 test-pattern checking is
enabled by the/PRBS31 enable and PRBS Tx check enable control variables. When transmit PRBS31
test-pattern che¢king is enabled, the PMA shall check for the PRBS31 pattern received from the PMA client
via the PMA:IS UNITDATA .request primitive. The checker shall increment the test-pattern error counter
by onelforeach incoming bit error in the PRBS31 pattern for isolated single-bit errors. Implementations
shouldybe capable of counting at least one error whenever one or more errors occur in a sliding 1000-bit
window. The transmit test-pattern error count is indicated by the Ln0 PRBS Tx test err_counter status
Variable. When transmit PRBS31 test-pattern checking is disabled, the PMA returns to normal operation.

If the optional Clause45 MDIO is implemented, the PMA transmit process maps the
PRBS31 Tx checker ability, PRBS31 enable, PRBS Tx check enable, and
Ln0 PRBS Tx test err counter variables to the registers and bits defined in 109.6.
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109.4.4.4 Receive PRBS31 test-pattern checking

The ability to check PRBS31 test patterns in the receive direction is indicated by the
PRBS31 Rx checker ability status variable. If supported, receive PRBS31 test-pattern checking is enabled

by the PRBS31 _enable and PRBS_Rx_check enable control variables. When receive PRBS31 test-pattern
checking is enabled, the PMA shall check for the PRBS31 pattern received from the service interface below
the PMA via the inst:IS_ UNITDATA.indication primitive. The receive test-pattern error count is indicated
by the Ln0 PRBS Rx test err counter status variable. While the receive PRBS31 test-pattern mode is
enabled, the PMA:IS SIGNAL.indication(SIGNAL OK) primitive does not indicate a valid signal
(SIGNAL_OK=FAIL). When receive PRBS31 test-pattern checking is disabled, the PMA returns to normal
operation.

If the optional Clause45 MDIO is implemented, the PMA receive process Anaps the
PRBS31 Rx checker ability, PRBS31 enable, PRBS Rx_check enabley and
Ln0 PRBS Rx test err counter variables to the registers and bits defined in 109.6.

109.4.4.5 Transmit PRBS9 test-pattern generation

The ability to generate the PRBS9 test patterns in the transmit direction is indicated by the
PRBS9 Tx generator ability status variable. If supported, transmit PRBS9” test-pattern generation is
enabled by the PRBS9 enable and PRBS Tx gen enable control variables) When transmit PRBS9 pattern
generation is enabled, the PMA shall generate a PRBS9 pattern as defineéd in Table 68—6 toward the service
interface below the PMA via the inst:IS_ UNITDATA.request primitiye. When transmit PRBS9 test-pattern
generation is disabled, the PMA returns to normal operation.

If the optional Clause45 MDIO is implemented, ~“the PMA transmit process maps the
PRBS9 Tx_ generator ability, PRBS9 enable, and PRBS, ‘Tx gen_enable variables to the registers and bits
defined in 109.6.

Note that the transmit PRBSO test pattern is intended to be checked by external test gear and no PRBS9
checking function is provided within the PMA:-

109.4.4.6 Receive PRBS9 test-paftern generation

The ability to generate the.(PRBS9 test patterns in the receive direction is indicated by the
PRBS9 Rx generator abilityistatus variable. If supported, receive PRBS9 test-pattern generation is enabled
by the PRBS9 enable aud-PRBS Rx gen enable control variables. When receive PRBSO test-pattern
generation is enabled, the’PMA shall generate a PRBS9 pattern as defined in Table 68—6 toward the PMA
client via the W PMA:IS UNITDATA. indication primitive. The PMA will also generate
PMA:IS_SIGNAL:indication(SIGNAL OK) toward the PMA client independent of the status at the service
interface below,the PMA. When receive PRBS9 test-pattern generation is disabled, the PMA returns to
normal operation.

If ¢he™ optional Clause45 MDIO 1is implemented, the PMA receive process maps the
PRBS9_Rx_generator_ability, PRBS9 enable and PRBS Rx_gen enable variables to the registers and bits
defined in 109.6.

Note that the receive PRBS9 test pattern is intended to be checked by external test gear and no PRBS9
checking function is provided within the PMA.

109447 Tramsmit square wave test=pattermgeneration

The optional transmit square wave test-pattern generation applies to the PMA transmit direction towards a
physically instantiated 25GAUI or towards the PMD service interface.
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The ability to generate the square wave test pattern in the transmit direction is indicated by the
Square_wave_ability status variable. If supported, transmit square wave test-pattern generation is enabled
by the Square wave enable 0 control variable. When transmit square wave test-pattern generation is
enabled, the PMA shall generate a square wave test pattern composed of 8 ones followed by 8 zeros toward

the service interface below the PMA via the inst:IS_UNITDATA request primitive. When transmit square
wave test-pattern generation is disabled, the PMA returns to normal operation.

If the optional Clause 45 MDIO is implemented, the PMA transmit process maps the Square_wave_ability
and Square_wave_enable 0 variable to the registers and bits defined in 109.6.

109.4.5 Energy Efficient Ethernet for 25GAUI

When the optional Energy Efficient Ethernet (EEE) deep sleep capability is supported and the PMA)service
interface is physically instantiated as 25GAUI, the additional functions listed in 83.5.11 are required. These
functions enable the communication of service interface parameters that are essential to thevop&ration of the
EEE deep sleep capability. The timing parameters for EEE operation are shown in Table'\8342.

PMA EEE operation for 25GAUI is specified in 83.5.11 with respect to lane 0 only.,Considerations related
to multiple lanes do not apply.

109.5 Delay constraints
The maximum cumulative delay contributed by up to four PMA.stages in a PHY (sum of transmit and

receive delays at one end of the link) shall meet the values specified in Table 109—1. A description of overall
system delay constraints and the definitions for bit-times andpause_quanta can be found in 105.5.

Table 109-1—=Delay constraints

Maximum Maximum Maximum
(bit time) (pause_quanta) (ns)
4096 8 163.84

109.6 PMA MDIO function mapping

The optional MDI@, capability described in Clause 45 describes several variables that provide control and
status informatjon for and about the PMA. Since a given implementation may employ more than one PMA
sublayer, the(PMA control and status information is organized into multiple addressable instances, one for
each posgible PMA sublayer. See 45.2.1 and 109.1.4 for the allocation of MMD addresses to PMA
sublayérs; Control and status registers for MMD 8, 9, 10, and 11 will use the Extended PMA control and
statds-tegisters at identical locations to those for MMD 1.

Mapping of MDIO control variables to PMA control variables is shown in Table 109—-2. Mapping of MDIO
status variables to PMA status variables is shown in Table 109-3. Mapping of MDIO counter to PMA
counters is shown in Table 109—4. These tables provide the register and bit numbers for the PMA addressed
as MMD 1. For implementations with multiple PMA sublayers, additional PMA sublayers use the
corresponding register and bit numbers in MMDs 8, 9, 10, and 11 as necessary.
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Table 109-2—MDIO/PMA control variable mapping

MDIO variable PMA/PMD register name hﬁig;s':lel:zr PMA control variable
PMA remote loopback PMA/PMD control 1 1.0.1 Remote loopback enable
PMA local loopback PMA/PMD control 1 1.0.0 Local _loopback enable
PRBS31 pattern enable PRBS pattern testing control | 1.1501.7 PRBS31 enable
PRBS9 pattern enable PRBS pattern testing control | 1.1501.6 PRBS9 enable
Tx generator enable PRBS pattern testing control | 1.1501.3 PRBS Tx gen enable
Tx checker enable PRBS pattern testing control | 1.1501.2 PRBS Tx check enabl¢
Rx generator enable PRBS pattern testing control | 1.1501.1 PRBS Rx gen enable
Rx checker enable PRBS pattern testing control | 1.1501.0 PRBS_Rx_chéék-enable
Lane 0 SW enable Square wave testing control 1.1510.0 Square_wave enable 0
PIASE PMA/PMD control 2 1.7.9 PIASE
PEASE PMA/PMD control 2 1.7.8 PEASE

Table 109-3—MDIO/PMA status variable mapping
MDIO status variable PMA/PMD register name Rzgl::;;r:?it PMA status variable

PMA remote loopback 40G/100G PMA/PMD) 1.13.15 Remote_loopback_ability
ability extended ability
PMA local loopback ability | PMA/PMD stafus 2 1.8.0 Local loopback ability
PRBS9 Tx generator ability | Test-pattern ability 1.1500.5 PRBS9 Tx generator_ability
PRBS9 Rx generator ability | Test-pattern ability 1.1500.4 PRBS9 Rx_generator ability
PRBS31 Tx generator Test-pattern ability 1.1500.3 PRBS31 Tx_generator ability
ability
PRBS31 Tx checker ability | Test-pattern ability 1.1500.2 PRBS31 Tx checker ability
PRBS31 Rx gengtator Test-pattern ability 1.1500.1 PRBS31 Rx generator_ability
ability
PRBS31Rx checker ability | Test-pattern ability 1.1500.0 PRBS31_Rx_checker_ability
Squdre wave test ability Test-pattern ability 1.1500.12 Square_wave_ability
PIASA PMA/PMD status 1 1.1.9 PIASA
PEASA PMA/PMD status 1 1.1.8 PEASA

© IEEE 2016 - All rights reserved
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Table 109-4—MDIO/PMA counters mapping

error counter, lane 0

MDIO variable PMA/PMD register name Rf‘gl:fﬁ:}_nt PMA status variable
Error counter Tx, lane 0 PRBS Tx pattern testing 1.1600 Ln0 PRBS Tx test err counter
error counter, lane 0
Error counter Rx, lane 0 PRBS Rx pattern testing 1.1700 Ln0 PRBS Rx test err counter
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109.7 Protocol implementation conformance statement (PICS) proforma for
Clause 109, Physical Medium Attachment (PMA) sublayer, type 25GBASE-R®

109.7.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 109, Physical Medium
Attachment (PMA) sublayer, type 25GBASE-R, shall complete the following protocol implementation con-
formance statement (PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing the
PICS proforma, can be found in Clause 21.

109.7.2 Identification

109.7.2.1 Implementation identification

Supplier1

Contact point for inquiries about the pICS!

Implementation Name(s) and Version(s)l’ 3

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systems; System Name(s)2

NOTE 1—Required for all implementations.
NOTE 2—May be completed as appropriate in meeting the'tequirements for the identification.

NOTE 3—The terms Name and Version should be interpreted appropriately to correspond with a supplier’s
terminology (e.g., Type, Series, Model).

109.7.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3by-2016, Clause 109, Physical Medium
Attachment (PMA) sublayer, type 25GBASE-R

Identification of amendments and corrigenda to this
PICS proforma thatshave been completed as part of
this PICS

Have any ExXception items been required? No [ ] Yes [ ]
(See Clapse, 21; the answer Yes means that the implementation does not conform to IEEE Std 802.3by-2016.)

Date of Statement

8Copyright 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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109.7.3 PICS proforma tables for the 25GBASE-R PMA Sublayer

109.7.4 Major capabilities/options

Item Feature Subclause Value/Comment Status Support
MD MDIO 109.6 Registers and interface o Yes [ ]
supported No []
*PIA Physically instantiated 109.4.1 (¢} Yes [ ]
25GAUI above (toward No [}
PCS)
*PIB Physically instantiated 109.4.1 (¢} Yes [ ]
25GAUI below (toward No[]
PMD)
*PMB PMD below 109.3 (¢} Yes [ ]
No[]
*LPI Implementation of LPI 109.4.5 O Yes [ ]
with the deep sleep mode No[]
option
*KRCR PMA adjacent to the 109.4.2 (0] Yes [ ]
PMD for 25GBASE-KR, No[]
25GBASE-KR-S,
25GBASE-CR, or
25GBASE-CR-S.
*LBL Supports PMA local 109.4.2 KRCR:M Yes [ ]
loopback IKRCR:O No[]
N/A T[]
*LBR Supports PMA remote 109.43 O Yes [ ]
loopback No[]
N/A[]
109.7.4.1 PMA functions
Item Feature Subclause Value/Comment Status Support
PF1 PMA(local loopback 109.4.2 Meets the requirements of | LBL:M Yes [ ]
109.4.2. No []
PF2 PMA remote loopback 109.4.3 Meets the requirements of | LBR:M Yes [ ]
109.4.3. No []
PF3 Transmit PRBS31 generation 109.4.4.1 Meets the requirements of | PMB:O Yes [ ]
109.4.4.1. No []
PF4 Receive PRBS31 generation 109.4.4.2 Meets the requirements of | PIA:O Yes [ ]
109.4.4.2. No []
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Item Feature Subclause Value/Comment Status Support

PF5 Transmit PRBS31 checking 109.4.4.3 Meets the requirements of | PIA:O Yes [ ]
109.4.4.3. No []

PF6 Receive PRBS31 checking 109.4.4.4 Meets the requirements of | PMB:O Yes [ ]
109.4.4.4. No []

PF7 Transmit PRBS9 generation 109.4.4.5 Meets the requirements of | PMB:O Yes [ ]
109.4.4.5. No []

PF8 Receiver PRBS9 generation 109.4.4.6 Meets the requirements of | PIA:O Yes [ ]
109.4.4.6. No [}

PF9 Transmit square wave 109.4.4.7 Meets the requirements of | PMB:O Yesy |
generation 109.4.4.7. No 11

109.7.4.2 PMA characteristics

Item Feature Subclause Value/Comment Status Support
PC1 Cumulative round-trip delay 109.5 No more than 4096 BT or | M Yes [ ]
contributed by up to four PMA 8 pause quanta No []
stages in a PHY.
PC2 Electrical and timing 109.4.1 PIA:M Yes [ ]
requirements of Annex 109A or No []
Annex 109B as appropriate met
by upstream 25GAUI
PC3 Electrical and timing 109.4.1 PIB:M Yes [ ]
requirements of Annex 109A or No []
Annex 109B as appropriate met
by downstream 25GAUI
PC4 25GAUI deep sleep Rx directiony109.4.5 Meets the requirements of | LPI*PIA:M | Yes [ ]
109.4.5. LPI*PIB:M |No[ ]
PC5 25GAUI deep sleep Txedirection | 109.4.5 Meets the requirements of | LPI*PIA:M | Yes [ ]
109.4.5. LPI*PIB:M  |No[]
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110. Physical Medium Dependent (PMD) sublayer and baseband medium,
type 25GBASE-CR and 25GBASE-CR-S

110.7 Overview

This clause specifies the 25SGBASE-CR PMD, the 25GBASE-CR-S PMD, and the baseband medium. The
specifications are closely related to those of 100GBASE-CR4 (Clause 92), but with a single lane instead of
four lanes. There are three associated annexes. Annex 110A provides information on parameters with test
points that may not be testable in an implemented system, Annex 110B specifies test fixtures, and
Annex 110C describes 25GBASE-CR and 25GBASE-CR-S host and cable assembly form factors.

When forming a complete Physical Layer, the PMD shall be connected as illustrated in Figure 1101, to the
appropriate PMA as shown in Table 110-1, to the medium through the MDI, and to theymanagement
functions that are optionally accessible through the management interface defined in ~Clause 45, or

equivalent.

Table 110-1—Physical Layer clauses associated with the 25§GBASE-CR and
25GBASE-CR-S PMDs

Associated clause 25GBASE-CR 25GBASE-CR-S
106—RS Required Required
106—25GMII* Optional Optional
107—PCS Required Required
74—BASE-R FECP Required Required
108—RS-FECP Required N/A
109—PMA Required Required
109A—25GAUI C2C Optional Optional
73—Auto-Negotiation Required Required
78—Energy Efficient Ethernet Optional Optional

#The 25GMI is an'optional interface. However, if the 25GMII is not implemented, a conform-
ing implementation must behave functionally as though the RS and 25GMII were present.
bFEC sublayers can be enabled or disabled according to the FEC mode (see 110.6).

A 25GBASE-CR PHY operates over cable assemblies of types CA-25G-N, CA-25G-S and CA-25G-L (see
110.10)~A 25GBASE-CR-S PHY operates over cable assemblies of types CA-25G-N and CA-25G-S. A
25GBASE-CR-S PHY interoperates with a 25GBASE-CR PHY. Table 110-2 summarizes the cable

assembly types supported by each of the

PHY types.

Table 110-2—Cable assembly types supported by each PHY type

PHY type CA-25G-N CA-25G-S CA-25G-L
25GBASE-CR Yes Yes Yes
25GBASE-CR-S Yes Yes No
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When forming a complete 25GBASE-CR or 25GBASE-CR-S Physical Layer, the link BER requirements
depend on the FEC mode (see 110.6) according to the following guidelines:

a) If a PHY operates in the RS-FEC mode, and the RS-FEC decoder does not bypass error correction
(see 10853 2) the link is required to operate with 2 BER of 107> or better

b) Ifa PHY operates in the BASE-R FEC mode, the link is required to operate with a BER of 1078 or
better.

c) IfaPHY operates in the no-FEC mode, or in the RS-FEC mode with error correction bypassed, the
link is required to operate with a BER of 1072 or better.

In this context, a link consists of a compliant PMD transmitter, a compliant PMD receiver, and a compliant
cable assembly.

For a complete Physical Layer, this specification is considered to be satisfied by a frame lossiratio (see
1.4.223) less than 6.2 x 10719 for 64-octet frames with minimum interpacket gap.

25GBASE-CR and 25GBASE-CR-S PHYs with the optional Energy-Efficient Ethernet (EEE) capability
may optionally enter the Low Power Idle (LPI) mode to conserve energy duringperiods of low link
utilization.

Figure 110-1 shows the relationship of the 25GBASE-CR and 25GBASE¢CR-S PMD sublayers and MDI to
the ISO/IEC Open System Interconnection (OSI) reference model.

110.2 PMD service interface

This subclause specifies the services provided by the 25§GBASE-CR and 25GBASE-CR-S PMDs. The
service interface for these PMDs is described in apsabstract manner and does not imply any particular
implementation. The PMD service interface supports the exchange of encoded data. The PMD translates the
encoded data to and from signals suitable for thehedium.

The PMD service interface is an instance of.the inter-sublayer service interface defined in 105.4. The PMD
service interface primitives are summarized as follows:

PMD:IS UNITDATA.request
PMD:IS UNITDATAtindication
PMD:IS SIGNALcndication

The PMA (or the PMD)Continuously sends a bit stream to the PMD (or the PMA) at a nominal signaling
rate of 25.78125 GBd.

The SIGNAL_OK parameter of the PMD:IS SIGNAL.indication primitive corresponds to the variable
Global PMD' signal detect as defined in 110.7.4. When Global PMD signal detect is one, SIGNAL OK
shall be7assigned the value OK. When Global PMD signal detect is zero, SIGNAL OK shall be assigned
the-value FAIL. When SIGNAL OK is FAIL, the PMD:IS UNITDATA.indication parameter is undefined.

If the optional EEE deep sleep capability is supported, then the PMD service interface includes two
additional primitives as follows:

PMD:IS TX MODE.request
PMD:IS RX MODE.request
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FEC = FORWARD ERROR CORRECTION PMA = PHYSICAL MEDIUM ATTACHMENT

LLC = LOGICAL LINK CONTROL PMD = PHYSICAL MEDIUM DEPENDENT

MAC = MEDIA ACCESS CONTROL

MDI = MEDIUM DEPENDENT INTERFACE NOTE 1—CONDITIONAL BASED ON PHY TYPE

Figure 110-1—25GBASE-CR and-25GBASE-CR-S relationship to the ISO/IEC Open
Systems Interconnection (OSl) reference model and the IEEE 802.3 Ethernet model

110.3 PCS requirements for Auto-Negotiation (AN) service interface

The PCS associated (with this PMD is required to support the AN service interface primitive
AN_LINK.indication-defined in 73.9. (See 107.4.)

25GBASE-CR ‘and 25GBASE-CR-S PHYs may be extended using a 25GAUI chip-to-chip (C2C) as a phys-
ical instantiation of the inter-sublayer service interface between devices. If 25GAUI C2C is instantiated, the
AN_LINK(Jink status).indication is relayed from the device with the PCS sublayer to the device with the
AN sublayer by means at the discretion of the implementer. As examples, the implementer may employ use
ofpervasive management or employ a dedicated electrical signal to relay the state of link_status as indicated
by.the PCS sublayer on one device to the AN sublayer on the other device.

110.4 Delay constraints

The sum of the transmit and the receive delays at one end of the link contributed by the PMD and AN shall

be no more than 512 bit times (1 pause_quantum or 20.48 ns). It 1S assumed that the one way delay through
the medium is no more than 1500 bit times (60 ns).
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A description of overall system delay constraints and the definitions for bit times and pause quanta can be
found in 105.5.

110-5-PMB-MBIO-funeti .

The optional MDIO capability described in Clause 45 defines several registers that provide control and sta-
tus information for and about the PMD. If MDIO is implemented, it shall map MDIO control bits to PMD
control variables as shown in Table 110-3, and MDIO status bits to PMD status variables as shown in
Table 110-4.

Table 110-3—MDIO/PMD control variable mapping

MDIO control variable PMA/PMD register name R?lgui:[tlgzrit PMD control variable
Reset PMA/PMD control 1 1.0.15 PMD, reset
Global PMD transmit disable PMD transmit disable 1.9.0 Global” PMD _transmit_disable
Restart training BASE-R PMD control 1.150.0 mr_restart training
Training enable BASE-R PMD control 1.150.1 mr_training_enable
Polynomial identifier 0 PMD training pattern lane 0 1.1450.12:11 | identifier 0
Seed 0 PMD training pattern lane 0 1.1450.10:0 seed 0

Table 110-4—MDIO/PMD/status variable mapping

MDIO status variable PMA/PMD.régister name Rzggf;;l;/?it PMD status variable
Fault PMA/BMD status 1 1.1.7 PMD _fault
Transmit fault PMA/PMD status 2 1.8.11 PMD _transmit_fault
Receive fault PMA/PMD status 2 1.8.10 PMD receive_fault
Global PMD receive signal PMD receive signal detect 1.10.0 Global PMD signal detect
detect
Receiver status 0 BASE-R PMD status 1.151.0 rx_trained
Frame lock 0, BASE-R PMD status 1.151.1 frame lock
Start-up pretocol status 0 BASE-R PMD status 1.151.2 training
Traifling failure 0 BASE-R PMD status 1.151.3 training_failure

110.6 FEC modes

A 25GBASE-CR PHY implements the BASE-R FEC sublayer (Clause 74) and the 25GBASE-R RS-FEC

sublayer (Clause 108). A 25GBASE-CR-S PHY implements the BASE-R FEC sublayer (Clause 74). Each

FEC sublayer can be either enabled or disabled, according to AN resolution or management control.

© IEEE 2016 - All rights reserved
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Three FEC modes are supported:

a)  When the 25GBASE-R RS-FEC sublayer is enabled, the PHY is defined to operate in the RS-FEC

mode.

QY AV.VAN tha RACSTD D DO Ll Lblad tbha DLINZ o

RACSD D DD

O WOt e o7 T TT-ICT DT SUoTa y O 15— CIraoTcas

mode.

dafy st 4+lo
tHC—T T ISt Ca—o ul.n.uuu D7y I=T

¢)  When no FEC sublayer is enabled, the PHY is defined to operate in the no-FEC mode.

A 25GBASE-CR PHY can operate in RS-FEC, BASE-R FEC, or no-FEC mode. A 25GBASE-CR-S PHY

can operate in either BASE-R FEC or no-FEC mode.

The cable assembly types (CA-25G-N, CA-25G-S, or CA-25G-L, see 110.10) that the PHY supports,and the

required PMD receiver characteristics (110.8.4) depend on the FEC mode.

The FEC mode is determined using AN (Clause 73) if AN is enabled, or by management.control if AN is
disabled, and is used in both transmit direction and receive direction. It is recommended to configure the AN
FEC advertisement such that only modes that are compatible with the type of the cable assembly attached to

the MDI are selected.

110.7 PMD functional specifications

110.7.1 Link block diagram

One direction of a 25GBASE-CR or 25GBASE-CR-S link is shown in Figure 110-2.

PMD PMD
service service
interface @ MDI MDI @ interface
I I I I
| ™) ) Py | () |
| | | |
| | | |
| SL<p> | Signal<p> | DL<p> | |
| PMD SL<n> > | Signal<n> | DL<n> PMD |

> transmit i —t+>

function - — o | | _Signalshield | i frecetl've
| AT I=~— —~ Ao aneton |
| __ 4L|'LL Clinkshied | JJ' ] |
| | | |
| < < >
| :TX PCB | : : RX PCB: :
| Channel |

| ¢ t f g |
| I | | ! |
| PMD | Cable assembly | PMD
< pie pie
I I

PMD:IS_UNITDATA.request

»|
»
|

PMD:IS_UNITDATA.indication

Figure 110-2—25GBASE-CR or 25GBASE-CR-S link (one direction is illustrated)

Note that the source lane (SL) signals SL<p> and SL<n> are the positive and negative sides of the
transmitter’s differential signal pair and the destination lane (DL) signals DL<p> and DL<n> are the

positive and negative sides of the receiver’s differential signal pair.
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For purposes of system conformance, the PMD sublayer is standardized at the test points described in this
subclause.

The electrical transmit signal is defined at TP2. Unless specified otherwise, all transmitter measurements

and tests defined in 110.8.3 are made at TP2 utilizing the test fixture specified in 110B.1.1.

The electrical receive signal is defined at TP3. Unless specified otherwise, all receiver measurements and
tests defined in 110.8.4 are performed at TP3 utilizing the test fixture specified in 110B.1.1.

A mated connector pair has been included in both the transmitter and receiver specifications defined in
110.8.3 and 110.8.4. The recommended maximum insertion loss from TPO to TP2 or TP3 to TP5 including
the test fixture is provided in 92.8.3.6. Annex 110A provides information on parameters associated with test
points TPO and TPS that may not be testable in an implemented system.

The channel (see 110.9) is defined between the transmitter (TPO) and receiver (TP5) blogks/to include the
transmitter and receiver differential controlled impedance printed circuit board insertion.loss and the cable
assembly insertion loss, as illustrated in Figure 110-2. All cable assembly measuréments are to be made
between TP1 and TP4 as illustrated in Figure 110-2. The cable assembly test fixture of 110B.1.2, or its
equivalent, is required for measuring the cable assembly specifications in 110,10 at TP1 and TP4. Two
mated connector pairs and the cable assembly test fixture have been ideluded in the cable assembly
specifications defined in 110.10. Transmitter and receiver differential controlled impedance printed circuit
board insertion losses defined between TPO and the MDI and between'th¢ MDI and TPS, respectively, are
provided informatively in 92A.4.

Table 110-5 describes the defined test points illustrated in Figare 110-2.

Table 110-5—-Test points

Test points Description

TPO to TPS | The channel including the transmitter and receiver differential controlled impedance printed
circuit board insertion logsand the cable assembly insertion loss.

TP1to TP4 | All cable assembly measurements are to be made between TP1 and TP4 as illustrated in
Figure 110-2. The table assembly test fixture of 110B.1.2, or its equivalent, is required for
measuring thecable assembly specifications in 110.10 at TP1 and TP4.

TPOto TP2 | A matedConnector pair has been included in both the transmitter and receiver specifications defined
TP3to TPS | in 110.8.3*dnd 110.8.4. The recommended maximum insertion loss from TPO to TP2 or from TP3 to
TPS%including the test fixture is provided in 92.8.3.6.

TP2 Unless specified otherwise, all transmitter measurements defined in 110.8.3 are made at TP2 utilizing
the test fixture specified in 110B.1.1.

Unless specified otherwise, all receiver measurements and tests defined in 110.8.4 are made at TP3

TP utilizing the test fixture specified in 110B.1.1.

110.7.2 PMD transmit function

The PMD transmit function shall convert the bit stream requested by the PMD service interface message
PMD:IS UNITDATA.request(tx_bit) into an electrical signal. The electrical signal shall then be delivered

to—the MDT,accordimg ot tramsmit ctectricat specifications 10783 A positive differemtiaioutput
voltage (SL<p> minus SL<n>) shall correspond to tx_bit = one.
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If the optional EEE deep sleep capability is supported, the following requirements apply. When the PMD
service interface message PMD:IS_TX MODE.request(tx_mode) is received with tx_mode = ALERT, the
PMD transmit function shall transmit a periodic sequence, where each period of the sequence consists of
8 ones followed by 8 zeros, with the transmit equalizer coefficients set to the preset values (see

72.6.10.2.3.1). This sequence is transmitted regardless of the value of tx_bit presented by the
PMD:IS UNITDATA. request primitive. When tx _mode is not set to ALERT, the transmit equalizer
coefficients are set to the values determined via the start-up protocol (see 110.7.10).

110.7.3 PMD receive function

The PMD receive function shall convert the electrical signal from the MDI into a bit stream for delivetyto
the PMD service interface using the messages PMD:IS UNITDATA.indication(rx_bit). A positive
differential input voltage (DL<p> minus DL<n>) shall correspond to rx_bit = one.

110.7.4 Global PMD signal detect function

The Global PMD signal detect function is used by the PMD to indicate the successful'completion of the
start-up protocol by the PMD control function (see 110.7.10). Global PMD_signal detect is set to zero
when the value of the variable signal detect is set to false by the Training state\diagram (see Figure 72-5).
Global PMD signal detect is set to one when the value of signal detect is settd true.

If training is disabled by the management variable \mptraining enable (see 110.5),
Global PMD signal detect shall be set to one.

If the optional EEE deep sleep capability is supported, thefollowing requirements apply. The value of
Global PMD signal detect is set to zero when “~the PMD service interface message
PMD:IS RX MODE.request(rx_mode) is initially rec€ived with rx_mode = QUIET. While rx_mode is set
to QUIET, Global PMD signal detect shall be set t@ one within 500 ns of the application of the ALERT
pattern defined in 110.7.2, with peak-to-peak differential voltage of 720 mV measured at TP2, to the
differential pair at the input of the cable assembly that connects the transmitter to the receiver. While
rx_mode is set to QUIET, Global PMD _signal detect shall not be set to one when the voltage input to the
differential pair of the cable assembly that'connects the transmitter to the receiver is less than or equal to
70 mV peak-to-peak differential.

When the MDIO is implemented, this function maps the variables to registers and bits as defined in 110.5.
110.7.5 Global PMD transmit disable function

The Global PMD transmit disable function is mandatory if EEE deep sleep capability is supported and is
otherwise optionalkWhen Global PMD _transmit disable variable is set to one, this function shall turn off
the transmittér such that it drives a constant level (i.e., no transitions) and does not exceed the differential
peak-to-peak output voltage (max.) with Tx disabled in Table 92—6.

If a BMD fault (110.7.7) is detected, then the PMD may set Global PMD _transmit_disable to one.
Loopback, as defined in 110.7.6, shall not be affected by Global PMD _transmit_disable.

The following additional requirements apply when the optional EEE deep sleep capability is supported:

a) The Global PMD transmit disable function shall turn off the transmitter as specified in 92.8.3.1
when tx_mode transitions to QUIET from any other value.

b)  The Global PMD transmit disable function shall turn on the transmitter as specified in 92.8.3.1 when
tx_mode transitions from QUIET to any other value.
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110.7.6 Loopback mode

Local loopback mode is provided by the adjacent PMA (see Clause 109) as a test function. When loopback
mode is enabled, transmission requests passed to the transmitter are sent directly to the receiver, overriding

any signal detected by the receiver on its attached link. Note that loopback mode does not affect the state of
the transmitter, which continues to send data (unless disabled).

Control of the loopback function is specified in 109.4.2.

NOTE 1—The signal path that is exercised in the loopback mode is implementation specific, but it is recommended that
this signal path encompass as much of the circuitry as is practical. The intention of providing this loopback mode-of.
operation is to permit diagnostic or self-test functions to test the transmit and receive data paths using actual data,Other
loopback signal paths may also be enabled independently using loopback controls within other devices or sublayers.

NOTE 2—Placing a network port into loopback mode can be disruptive to a network.

110.7.7 PMD fault function

PMD _fault is the logical OR of PMD_receive fault, PMD_transmit fault, and any-other implementation
specific fault. If the MDIO interface is implemented, then PMD _fault shall be,mapped to the fault bit as
specified in 45.2.1.2.3.

110.7.8 PMD transmit fault function

The PMD transmit fault function is optional. The faults detectéd )by this function are implementation
specific, but the assertion of Global PMD _transmit_disable is not.considered a transmit fault.

If PMD_transmit_fault is set to one, then Global PMD _transmit disable should also be set to one.

If the MDIO interface is implemented, then PMD _transmit_fault shall be mapped to the Transmit fault bit as
specified in 45.2.1.7.4.

110.7.9 PMD receive fault function

The PMD receive fault function is optional. The faults detected by this function are implementation specific.
A fault is indicated by setting the vatiable PMD receive fault to one.

If the MDIO interface is implemented, then PMD_receive fault shall be mapped to the Receive fault bit as
specified in 45.2.1.7.5.

110.7.10 PMD control function

25GBASE-CR yand 25GBASE-CR-S PMDs shall use the same control function as lane 0 of
100GBASE:CR4, as defined in 92.7.12.

The'variables seed 0 and polynomial 0 control the training pattern. It is recommended that implementations
with multiple PMDs use distinct values of polynomial 0 for PMDs that are coupled by crosstalk.

110.8 Electrical characteristics

110.8.1 Signal levels

The MDI (see 110.11) is a low-swing AC-coupled differential interface. AC-coupling within the plug con-
nectors, as defined in 110.11.1, allows for interoperability between components operating from different
supply voltages.
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110.8.2 Signal paths

The MDI transmit and receive paths are point-to-point connections. Each path comprises two complemen-
tary signals, which form a balanced differential pair. There is one differential path in each direction for a

total of two pairs, or four connections.
110.8.3 Transmitter characteristics

Transmitter electrical characteristics at TP2 for 25GBASE-CR and 25GBASE-CR-S PHYs shall be the
same as those of a single lane of 100GBASE-CR4, as summarized in Table 92-6 and detailed in 92.8.3.1
through 92.8.3.9, with the exception that the value of linear fit pulse peak (min.) is 0.49 x v The transmitter
specifications at TPO are provided informatively in 110A.2.

110.8.4 Receiver characteristics

Receiver electrical characteristics are specified at TP3. The receiver shall meet the returh lo§s requirements
specified in 92.8.4.2 and 92.8.4.3. In addition, the requirements in 110.8.4.1, 110-8:4.2, 110.8.4.3 and
110.8.4.4 apply.

The receiver specifications at TP5 are provided informatively in 110A.3.
110.8.4.1 Receiver input amplitude tolerance

When a 25GBASE-CR or 25GBASE-CR-S PMD receiver is eomnected to a compliant transmitter whose
peak-to-peak differential output voltage, as defined by 92:8.3.1 using preset equalizer coefficients, is
1200 mV, using a compliant cable assembly with the minimum insertion loss specified in 110.10.2, the
following BER requirements apply.

a)  When the RS-FEC mode is used, the PMD.reéeiver shall operate at a BER better than 107>,

b) When the BASE-R FEC mode is used, the PMD receiver shall operate at a BER better than 1075

¢)  When the no-FEC mode is used, the.PMD receiver shall operate at a BER better than 10712,

The receiver is allowed to control theltransmitter equalizer coefficients, using the protocol defined in
92.7.12 or an equivalent process, to theet these requirements.

110.8.4.2 Receiver interference tolerance test

Receiver interference folerance is measured according to the requirements listed in 110.8.4.2.1 through
110.8.4.2.5.

A 25GBASE-CR/PHY shall comply with the receiver interference tolerance test requirements for the RS-
FEC, BASE-R FEC, and no-FEC modes. A 25GBASE-CR-S PHY shall comply with the receiver
interference’tolerance test requirements for the BASE-R FEC and no-FEC modes.

Tavo, tests are defined for each FEC mode. Test 1 includes a low-loss channel, identical for all FEC modes.
Test 2 includes a high-loss channel, which is different for each FEC mode. The cable assembly used in the
test channel (see 110.8.4.2.2) shall meet the cable assembly Channel Operating Margin (COM) as specified
in 110.10.7, with CA-25G-L COM parameter values being used for RS-FEC mode test, CA-25G-S COM
parameter values being used for BASE-R FEC mode test, and CA-25G-N COM parameter values being
used for no-FEC mode test.

The test requirements for the RS-FEC mode are provided in Table 110-6. The test requirements for the
BASE-R FEC mode are provided in Table 110-7. The test requirements for the no-FEC mode are provided
in Table 110-8.
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Table 110-6—25GBASE-CR interference tolerance parameters,

RS-FEC mode

Test 1 (low loss) Test 2 (high loss)
Parameter Units

Min Max Min Max

Test pattern Scrambled idle encoded by RS-FEC

RS-FEC symbol error ratio required? <107

Test channel insertion loss at 12.8906 GHz" 14.3 14.8 29.44 29.94 dB

Cable assembly insertion loss at 12.8906 GHz 8 10 20.48 22.48 dB

COM 3 8 dB

bmax used in COM calculation 1

DER used in COM calculation 107

aThe RS-FEC symbol error ratio is measured using the RS-FEC symbol error cotnter (see 108.6.9).
Insertion loss between the two test references (see Figure 110-3b).

Table 110-7—25GBASE-CR and 25GBASE-CR-S’interference tolerance parameters,
BASE-R FEC’'mode

Test 1 (low loss) Test 2 (high loss)
Parameter Units

Min Max Min Max

Test pattern Scrambled idle encoded by BASE-R FEC

BASE-R FEC corrected block ratio requireda"b <2.1x107

Test channel insertion loss at 12.8906 GHz* 14.3 14.8 23.44 23.94 dB

Cable assembly insertion loss-at 12.8906 GHz 8 10 14.48 16.48 dB

COM 3 3 dB

bmax used in COM.calculation 0.5

DER used in COM calculation 1078

aThe BASE-R FEC corrected block ratio is measured using the FEC corrected blocks counter (see 74.8.4.1).

"The REC uncorrected blocks counter (see 74.8.4.2) is required to indicate zero errors during the test unless the test
dération is such that the uncorrected block ratio can be verified to be less than 4.7 x 10719,

“Insertion loss between the two test references (see Figure 110-3b).
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Table 110-8—25GBASE-CR and 25GBASE-CR-S interference tolerance parameters,

no-FEC mode
Test1-dowloss) Fest-2-chish-loss)
Parameter Units

Min Max Min Max
Test pattern Scrambled idle or PRBS31
Bit error ratio required? <1072
Test channel insertion loss at 12.8906 GHz? 14.3 14.8 22.48 22.98 dB
Cable assembly insertion loss at 12.9806 GHz 8 10 13.5 15.5 dB
COM 3 22 dB
bmax Used in COM calculation 0.35
DER used in COM calculation 10712

aThe bit error ratio is measured using the PCS errored blocks counter (see 49.2.14.2) or the PMA PRBS31 error counter
(see 109.4.4.4) as appropriate.
PInsertion loss between the two test references (see Figure 110-3b).

110.8.4.2.1 Test setup

The interference tolerance test is performed with the setup shown in Figure 110-3a. The requirements of this
subclause are verified at the test references in Figure 110-3a and Figure 110-3b. The cable assembly unused
single-ended paths are terminated in 50 Q to provide 1902 differential termination.

NOTE—The cable assembly provides AC-coupling as specified in 110.11.

110.8.4.2.2 Test channel

The test channel (as depicted in Figurg;N0—3a) consists of the following:

a) A cable assembly meeting-the requirements of 110.10 and the insertion loss specified for the test
being performed.

b) A cable assembly testfixture (see 110B.1.2 and 92.11.2).
¢) A frequency-dependent attenuator.

NOTE—The frequency-dependent attenuator represents a Tx host channel and may be implemented with PCB traces
and test cables.

110.8.4.2.3 Test channel calibration

The'sCattering parameters of the test channel are measured at the test references as illustrated in Figure 110-3b
using the cable assembly test fixtures specified in 110B.1.

The insertion loss at 12.8906 GHz of the signal path between the test references in Figure 110-3b is within
the limits in Table 110-6, Table 1107, or Table 1108, as appropriate for the test being performed.
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Figure 110-3b>—Test channel calibration

The COM is calculated using the methed and parameters of 110.10.7 with the following considerations:
a) The channel signal path .is*SCHS, = cascade(S(CTS}D ), SHOSP )), where cascade() is defined in

93A.1.2.1, SHOSP) is defided in 110.10.7.1.1, and SC¢™>P) is the measured channel between the test
references in Figure-110-3b.

b) The COM parameters are as modified by Table 110-6, Table 110-7, or Table 110-8, as appropriate
for the test being performed.

c) COM is-caleulated using both Test 1 and Test 2 device package model transmission line lengths
listed-in-Fable 110—11 on the receiver side. The value of COM is taken as the lower of the two cal-
culated values.

d)  CFhe augmented signal path in 93A.1.2 is replaced by S, determined from Equation (110-1)
(effectively omitting the transmitter device package model S(’f”)) The filtered voltage transfer
function H¢ )(f) calculated in Equation (93A-19) uses the filter H,(f) defined by Equation (93A—46),
where fis 2 and T, is the 20% to 80% transition time at the Tx test reference. 7, is measured using
the method in 86A.5.3.3, with the exception that the observation filter bandwidth is 33 GHz instead
of 12 GHz. T, is measured with the transmit equalizer turned off (i.e., coefficients set to the preset
values, see 72.6.10.2.3.1).

e) Even-odd jitter, effective bounded uncorrelated jitter and effective random jitter without noise

injection (see 110.8.4.2.4) are measured at the Tx test reference and comply with the specification in
92.8.3.8.1 and 92.8.3.8.2. In the calculation of COM, 4, is set to half of the value of EBUJ and oy,
is set to the value of ERJ, replacing the values in Table 110-11. It is recommended to adjust the
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pattern generator jitter such that the effective bounded uncorrelated jitter and the effective total
uncorrelated jitter (see 92.8.3.8.2) are as close as practical to their limits in Table 92—-6.

f)  The SNRyy value that results in the required COM value for the test is calculated. The injected noise

(see 110.8 4.2 4) is set such that the SNDR, as measured at the Tx test reference using the procedure

in 92.8.3.7, matches the calculated SNRy value.

— (rp)
S, = cascade(SCHS,, §) (110-1)
where

cascade()  is defined in 93A.1.2.1

SCHS, is defined in item a) above

s0P) is defined in 93A.1.2.4
110.8.4.2.4 Pattern generator and noise injection

The pattern generator transmits data to the device under test. At the start of transmitferytraining, the pattern
generator output amplitude shall be 800 mV peak-to-peak differential when measuréd on an alternating one-
zero pattern. The output amplitude, measured on an alternating one-zero patterny.is not permitted to exceed
800 mV peak-to-peak differential during transmitter training. The output waveform of the pattern generator
shall comply with 110.8.1.

Broadband noise is added to the signal before the Tx test reference, with noise level set according to step fin
110.8.4.2.3.

110.8.4.2.5 Test procedure

The pattern generator is first configured to transmit the training pattern defined in 110.7.10. During this ini-
tialization period, the device under test (DUT) configures the pattern generator transmit equalizer to the
coefficient settings it would select using the protocol described in 72.6.10 and the receiver is tuned using its
optimization method. The coefficient settings“may be communicated via the start-up protocol or by other
means.

After the pattern generator equalizerilias been configured and the receiver tuned, the pattern generator is set
to generate the test pattern specified in Table 110-6, Table 110-7, or Table 110-8, as appropriate for the test
being performed. During theltest, the transmitter in the device under test transmits the same pattern type
specified for the test, with.equalization turned off (preset condition).

For 25GBASE-CR%and 25GBASE-CR-S PHYs, the receiver under test meets the error requirements speci-
fied for the testsimTable 110-7 and Table 110-8. For a 25GBASE-CR PHY, the receiver under test meets
the error requirgment specified for the test in Table 110-6.

110.8.4:3 Receiver jitter tolerance

Jitter tolerance in RS-FEC mode is measured with a channel meeting the insertion loss of Test 2 and the
RS-FEC symbol error ratio requirement specified in Table 110-6. Jitter tolerance in BASE-R FEC mode is
measured with a channel meeting the insertion loss of Test 2 and the corrected block ratio requirement spec-
ified in Table 110-7. Jitter tolerance in no-FEC mode is measured with a channel meeting the insertion loss
of Test 2 and the bit error ratio requirement specified in Table 110-8.

Receiver jitter tolerance 1s veriiied for each pair of jitter irequency and peak-to-peak amplitude values listed
in Table 110-9. The test setup and procedure of 110.8.4.2 are used, with the exception that no noise is
injected (i.e., step fin 110.8.4.2.3 is not performed). In addition, jitter with the specified frequency is applied
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to the transmitter and the jitter amplitude is adjusted to obtain the specified peak-to-peak jitter for that
frequency at the Tx test reference.

For a 2SGBASE-CR-S PHY, the receiver under test shall meet the error requirements specified for the tests

in Table 110-7 and Table 1108, for each case listed in Table 110-9. For a 25GBASE-CR PHY, the
receiver under test shall also meet the error requirement specified for the test in Table 110—6 for each case
listed in Table 110-9.

Table 110-9—Receiver jitter tolerance parameters

Parameter Case A Case B Units
values values
Jitter frequency 190 940 kHz
Peak-to-peak jitter amplitude 5 1 Uk

110.8.4.4 Signaling rate range

25GBASE-CR and 25GBASE-CR-S PHYs shall comply with the rec€iver requirements of 110.8.4.2 and
110.8.4.3 for any signaling rate in the range 25.78125 GBd + 100 ppunt: The corresponding unit interval is
approximately 38.787879 ps.

110.9 Channel characteristics

The channel is defined between TP0O and TP5 to incldde the transmitter and receiver differential controlled
impedance printed circuit board and the cable assembly as illustrated in Figure 110-2. The channel insertion
loss, return loss, COM, and the transmitter andreceiver differential controlled impedance printed circuit
board parameters are provided informativelyin’' 110A.4 through 110A.7.

Channel definitions apply for linksybetween two PHYs that can each be either 25GBASE-CR or
25GBASE-CR-S.

110.10 Cable assembly -characteristics

Cable assemblies defined in this subclause contain insulated conductors terminated in a connector at each
end for use as linkisegments between MDIs. Cable assemblies are primarily intended as point-to-point links
between 25GBASE-CR or 25GBASE-CR-S PHY s using controlled impedance cables. Since 25GBASE-CR
and 25GBASE<CR-S PHYs have two specified MDI connectors, single-lane (SFP28, specified in 110.11.1)
and multi=lane (QSFP28, specified in 92.12), there are three possible combinations of the connectors at each
end.Thepossible cable assembly types are described in Annex 110C.

All’cable assembly measurements are to be made between TP1 and TP4 with cable assembly test fixtures as
specified in Annex 110B. These cable assembly specifications are based upon twinaxial cable

characteristics, but other cable types are acceptable if the specifications of this subclause are met.

Three cable assembly types are specified, with different COM requirements:

el 1.1 1 LA Do T alel 1.1 h R o h B | ) N e DPLLS h RS

a) CAaUIU dadSUINIULy " TULLS (U AL UL ). UdUIU dSSUHITUTy Uldl SUPPUILS  HIKS UCIWULUIT TWU T 1115 Uldl
operate in RS-FEC mode with error correction enabled on both receivers, with achievable cable
length of at least 5 m.
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b) Cable assembly short (CA-25G-S): Cable assembly that supports links between two PHYs that
operate in BASE-R FEC mode, with achievable cable length of at least 3 m.

c) Cable assembly no-FEC (CA-25G-N): Cable assembly that supports links between two PHY's that
operate in no-FEC mode, with achievable cable length of at least 3 m

NOTE—It may be possible to construct compliant cable assemblies longer than indicated. Length of a cable assembly
does not imply compliance to specifications.

Table 110-10 provides a summary of the cable assembly characteristics for CA-25G-L, CA-25G-S, and
CA-25G-N, and references to the subclauses addressing each parameter. Due to the improved error correc-
tion capability in RS-FEC mode, the specified maximum insertion loss for CA-25G-L is larger than that-of
CA-25G-S. Likewise, due to the error correction capability provided in BASE-R FEC mode, the spetified
maximum insertion loss for CA-25G-S is larger than that of CA-25G-N. All other parameters except for
some of the input parameters for the COM calculation are identically specified.

Table 110-10—Cable assembly characteristics summary

Description Reference | CA-25G-L | CA-25G>S | CA-25G-N | Unit
Maximum insertion loss at 12.8906 GHz 110.10.2 22.48 16.48 15.5 dB
Minimum insertion loss at 12.8906 GHz 110.10.2 8 dB
Minimum differential return loss at 12.8906 GHz 110.10.3 6 dB
Differential to common-mode return loss 110.10.4 Equation (92-28) dB
Differential to common-mode conversion loss 110.10.5 Equation (92-29) dB
Common-mode to common-mode return loss 110.J0.6 Equation (92-30) dB
COM 10.10.7 See Table 110-11 dB

110.10.1 Characteristic impedancé-and reference impedance

The nominal differential characteristic impedance of the cable assembly is 100 Q. The differential reference
impedance for cable assembly specifications shall be 100 Q.

110.10.2 Cable assembly insertion loss

The measured insertion loss of the CA-25G-L, CA-25G-S, and CA-25G-N cable assembly shall be greater
than or equal-te_the minimum cable assembly insertion loss given in Equation (92-26) and illustrated in
Figure 9212

The aieasured insertion loss at 12.8906 GHz of the CA-25G-L cable assembly shall be less than or equal to
2248-dB. The measured insertion loss at 12.8906 GHz of the CA-25G-S cable assembly shall be less than or
equal to 16.48 dB. The measured insertion loss at 12.8906 GHz of the CA-25G-N cable assembly shall be
tess than or equal to 15.5 dB.

110.10.3 Cable assembly differential return loss

The cable assembly differential return loss shall meet the requirements of 92.10.3

158
Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved



https://standardsiso.com/api/?name=4f3627ef0f3caf579a165373f2aab08b

ISO/IEC/IEEE 8802-3:2017 /Amd.2:2017(E)

IEEE Std 802.3by-2016
|IEEE Standard for Ethernet—Amendment 2: Media Access Control Parameters,
Physical Layers, and Management Parameters for 25 Gb/s Operation

110.10.4 Differential to common-mode return loss

The cable assembly differential to common-mode return loss shall meet the requirements of 92.10.4.

110.10.5 Differential to common-mode conversion loss

The cable assembly differential to common-mode conversion loss shall meet the requirements of 92.10.5.
110.10.6 Common-mode to common-mode return loss

The cable assembly common-mode to common-mode return loss shall meet the requirements of 92.10,6:
110.10.7 Cable assembly Channel Operating Margin

The cable assembly Channel Operating Margin (COM) for each lane is derived from measuréments of the
cable assembly signal, near-end crosstalk and far-end crosstalk paths. COM is computed\using the path cal-
culations defined in 110.10.7.1 and the procedure in 93A.1, where T, is 8 ps and g is2-for H,(f) as used in
Equation (93A—-19). The specific paths used depend on cable assembly form factor, (see Annex 110C), as
described in 110.10.7.2.

COM parameter values for the three cable assembly types, CA-25G-L} OA-25G-S, and CA-25G-N, are
provided in Table 110-11.

Table 110-11—COM parameter values

Parameter Symbol -NCA-25G-N | CA-25G-S | CA-25G-L? Units
Signaling rate A 25.78125 GBd
Maximum start frequency St 0.05 GHz
Maximum frequency s‘[epb Af 0.01 GHz
Device package model
Single-ended device capacitance Cy 25x%107* nF
Transmission line length, Test\ zp 12 mm
Transmission line length, Test2 z, 30 mm
Single-ended package capacitance at
package-to-board interface G, 1.8x 107 nF
Single-ended reference resistance Ry 50 Q
Single-ended-termination resistance R, 55 Q
Receiver 3 dB bandwidth I 0.75 % fp, GHz
Transmitter equalizer, minimum cursor c(0) 0.62 —
coefficient
Transmitter equalizer, pre-cursor coefficient | c¢(—1) —
Minimum value —0.18
Maximum value 0
Step size 0.02
Transmitter equalizer, post-cursor coefficient c(1) —
Mo vatoe =038
Maximum value 0
Step size 0.02
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Table 110-11—COM parameter values (continued)

Parameter Symbol | CA-25G-N | CA-25G-S CA-25G-L? Units
Continuous time filter, DC gain gpc
Minimum value -16 -13 -13 dB
Maximum value 0 0 0 dB
Step size 1 1 1 dB
Continuous time filter, zero frequency 1 4 GHz
Continuous time filter, pole frequencies Il fpl4 GHz
I Ty
Transmitter differential peak output voltage
Victim A, 0.4 a%
Far-end aggressor Ap, 0.6 v
Near-end aggressor Ape 0.6 \Y%
Number of signal levels L 2 —
Level separation mismatch ratio Riy 1 —
Transmitter signal-to-noise ratio SNR7x 29 29 29 dB
Number of samples per unit interval M 32 —
Decision feedback equalizer (DFE) length Ny, 14 —
Normalized DFE coefficient magnitude —
limit, for n =1 to N}, binax(®) 035 0.5 1
Random jitter, RMS OrJ 0.01 Ul
Dual-Dirac jitter, peak App 0.05 Ul
One-sided noise spectral density Mo 52x10°8 V2/GHz
Target detector error ratio DER, 10712 1078 107 —
Channel Operating Margin (min.) CoM 3¢ 3 3 dB

AThe parameters for CA-25G-L are the¢ same as those for I00GBASE-CR4 (Table 93-8), except for gpc, 4 fos
and SNRTX ’
For cable lengths greater than 4/m, a frequency step (Af) no larger than 5 MHz is recommended.
“For CA-25G-N cable assentblies with insertion loss at 12.8906 GHz greater than 12 dB, the minimum COM is
relaxed to 2.2 dB.

Test 1 and Test.2 differ in the value of the device package model transmission line length z,. COM for any
channel within/the cable assembly shall be greater than or equal to the Channel Operating Margin (min.)
value specified in Table 110-11 for both Test 1 and Test 2.

110,10.7.1 Channel signal and crosstalk path calculations
The channel paths between TPO and TP5 used for calculation of the cable assembly COM consist of
measured cable assembly signal and crosstalk paths, representative transmitter PCB signal paths, and

representative receiver PCB signal paths.

The transmitter and receiver PCB signal paths are calculated using the method defined in 93A.1.2.3. The

scattering parameters for a PCB are defined by Equation (93A—13), Equation (93A—14), and the parameter
values given in Table 92—12. The PCB trace length parameter z,, has different value for each specific signal

path, as specified in 110.10.7.1.1 and 110.10.7.1.2.
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The channel path calculations use the function cascade() defined in 93A.1.2.1.

110.10.7.1.1 Channel signal path

The scattering parameters of the channel signal path from TPO to TP5 are calculated using Equation (110-2).
The transmitter and receiver PCB signal paths are both denoted as SMHOSP) and are calculated from
Equation (93A—13) and Equation (93A—14) using z, =151 mm in length, representing an insertion loss of
6.26 dB at 12.8906 GHz on each PCB.

SCHS\" = cascade(cascade(S™7%", §(“457)) g3, (110+2)
where
S CHS;k) is the channel signal path
(HOSP) . . . .
S is the host (transmitter or receiver) PCB signal path
S5 s the cable assembly signal path (TP1 to TP4)
k is equal to zero

110.10.7.1.2 Channel crosstalk paths

The MDI is the significant contributor to crosstalk and is included in ahd characterized by the cable assem-
bly crosstalk measurements. Crosstalk includes a near-end path where the aggressor is the PMD transmitter,
and for specific form factors, near-end and alien far-end crosstalk,paths where the aggressors are other PMD
transmitters that are connected to the same cable assembly.

For the channel crosstalk paths, the receiver PCB modehis SHOSP) 35 defined in 110.10.7.1.1. The aggressor
transmitter host PCB model is denoted as SYQT%P) and is calculated from Equation (93A-13) and
Equation (93A~14) using z, = 72 mm in lengthgrepresenting an insertion loss of 3 dB at 12.8906 GHz. The
transmitter host PCB insertion loss is lowercthan that used for the signal path, to allow for a reasonable
worst-case crosstalk in the COM calculatien.

The scattering parameters of the channel near-end crosstalk paths are calculated using Equation (110-3).
The scattering parameters of the channel alien far-end crosstalk paths are calculated using Equation (110—4).

SCHNXTY" = cascade(cascade(s'/7"), g CIMHI0) [ gHOP, (110-3)
where
SCHNX Tf,,k) is the near-end crosstalk path
SUOSR) is the host receiver PCB signal path defined in 110.10.7.1.1
SWOTESEY s the aggressor transmitter PCB signal path
SUCANYTE) 46 the cable assembly near-end crosstalk path k& (TP1 to TP4)
k is the index of the near-end crosstalk path
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SCHAFX T;k) = cascade(cascade(S(HOTXSP) , SCAFXTE) ), S(HOSP)) (1104)
where
SCHAFX T;’y" is the alien far-end crosstalk path
§UOSP) is the host receiver PCB signal path defined in 110.10.7.1.1
SUHOTESE) is the aggressor transmitter PCB signal path
S CAFXTR) is the cable assembly far-end crosstalk path £ (TP1 to TP4)
k is the index of the alien far-end crosstalk path

110.10.7.2 Signal and crosstalk paths used in calculation of COM

Cable assemblies have several form factors, as described in Annex 110C. The choice of.signal and crosstalk
paths for calculation of COM is specific to each cable assembly form factor, as sp€eified in 110.10.7.2.1
through 110.10.7.2.4.

110.10.7.2.1 SFP28 to SFP28

The SFP28 to SFP28 channel structure includes the signal path, one neatsend crosstalk path and no alien far-
end crosstalk. The signal and near-end crosstalk paths are used in calculation of COM.

The signal path is calculated using Equation (110-2).

The near-end crosstalk path is calculated using Equatiofi (I'1 0-3).

110.10.7.2.2 QSFP28 to SFP28

The QSFP28 to SFP28 channel structuresin¢ludes the signal path, three alien far-end and one near-end
crosstalk path. These five paths are used in calculation of COM. Crosstalk from transmitters on other SFP28
connectors is assumed to be insignificant.

The signal path is calculated using Equation (110-2).

The near-end crosstalk path'is calculated using Equation (110-3), with & equal to 1.

The three alien far-end-crosstalk paths are calculated using Equation (110—4), with & values from 1 to 3.

110.10.7.2.3 SFP28 to QSFP28

The SEP28 to QSFP28 channel structure includes the signal path, three alien far-end and four near-end
crosStalk paths. These eight paths are used in calculation of COM.

The signal path is calculated using Equation (110-2).
The near-end crosstalk paths are calculated using Equation (110-3), with & values from 1 to 4.

The three alien far-end crosstalk paths are calculated using Equation (110—4), with & values from 1 to 3.
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110.10.7.2.4 QSFP28 to QSFP28

The QSFP28 to QSFP28 channel structure includes the same paths defined for the SFP28 to QSFP28
channel, and COM is calculated in the same way, as defined in 110.10.7.2.3.

110.11 MDI specification

This subclause defines the 25GBASE-CR Media Dependent Interface (MDI), used for both 25GBASE-CR
and 25GBASE-CR-S Physical Layers. The MDI couples the PMD (110.7 and 110.8) to the cable assembly.
(110.10).

The mechanical interface between the PMD and the cable assembly may be either a mated pair of connectors
meeting the requirements of 110.11.1 (single-lane MDI) or a mated pair of connectors meeting, the require-
ments of 92.12.1.1 (multi-lane MDI). The plug connector is used on the cable assembly and the receptacle is
used on the PMD.

For the multi-lane MDI, each of the paired transmit and receive lanes (SL1, DL1),(SE2, DL2), (SL3, DL3)
or (SL4, DL4) may be used for the transmit and receive connections (SL andDD) of a 25GBASE-CR or
25GBASE-CR-S PHY.

For 25GBASE-CR plug connectors, the receive lanes are AC-coupled;the AC-coupling shall be within the
plug connectors. It should be noted that there may be various methods\for AC-coupling in actual implemen-
tations. The low-frequency 3 dB cutoff of the AC-coupling shall beJess than 50 kHz. It is recommended that
the value of the coupling capacitors be 100 nF. The capacitor limits the inrush charge and baseline wander.

110.11.1 Single-lane MDI connectors

The single-lane MDI uses the SFP+ 28 Gb/s 1X\Pluggable (SFP28) plug and receptacle as defined in
SFF-8402 and SFF-8432.

The cable assembly connector shall be th&.SFP28 plug as illustrated in Figure 110—4. The PMD connector
shall be the SFP28 receptacle with theimechanical mating interface as illustrated in Figure 110-5. These
connectors shall have data signal and‘signal ground contact assignments as specified in Table 110-12 and
electrical performance consistent\with the signal quality and electrical requirements of 110.8, 110.9, and
110.10.

PIN_11 PIN_20

PIN 10 PIN 1

Figure 110-4—SFP28 cable assembly plug
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Figure 110-5—SFP28 example MDI board receptacle

Table 110-12—Lane to MDI connector contact mapping

Rx lane MDI connector contact Tx lane MDI ‘eonnector contact
signal gnd S11 signal gnd S17

DL<n> S12 SL<p> S18

DL<p> S13 SL<n> S19
signal gnd S14 signal gnd S20

110.12 Environmental specifications

All equipment subject to this clause shall ednform to the applicable requirements of 14.7.
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110.13 Protocol implementation conformance statement (PICS) proforma for
Clause 110, Physical Medium Dependent (PMD) sublayer and baseband medium,
type 25GBASE-CR and 25GBASE-CR-S°

110.13.1 Introduction
The supplier of a protocol implementation that is claimed to conform to Clause 110, Physical Medium
Dependent (PMD) sublayer and baseband medium, type 25GBASE-CR and 25GBASE-CR-S, shall

complete the following protocol implementation conformance statement (PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing\the
PICS proforma, can be found in Clause 21.

110.13.2 Identification

110.13.2.1 Implementation identification

Supplier1

Contact point for inquiries about the PICS!

Implementation Name(s) and Version(s)l’ 3

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systems; System Narne(s)2

NOTE 1— Required for all implementations.
NOTE 2— May be completed as appropriate in meeting the requirements for the identification.

NOTE 3—The terms Name and Version should be dnterpreted appropriately to correspond with a supplier’s
terminology (e.g., Type, Series, Model).

110.13.2.2 Protocol summary

Identification of protocol stafidard IEEE Std 802.3by-2016, Clause 110, Physical Medium
Dependent (PMD) sublayer and baseband medium, type
25GBASE-CR and 25GBASE-CR-S

Identification of-amendments and corrigenda to this
PICS proforma'‘that have been completed as part of this
PICS

Have any, Exception items been required?  No [ ] Yes [ ]
(See.Clause 21; the answer Yes means that the implementation does not conform to IEEE Std 802.3by-2016.)

Date of Statement

9Copyright 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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110.13.3 Major capabilities/options

Item? Feature Subclause Value/Comment Status | Support
*CR 25GBASE-CR 110.1 Supports requirements of (¢} Yes [ ]
25GBASE-CR PHY No[]
CR-S 25GBASE-CR-S 110.1 Supports requirements of M Yes [ ]
25GBASE-CR-S PHY
25GMII 25GMIL 110.1 Interface is supported (¢} Yes [ ]
No /]
PCS 25GBASE-R PCS 110.1 M Yes [ ]
BR-FEC BASE-R FEC 110.1 Implemented M Yes [ ]
RS-FEC 25GBASE-R RS-FEC 110.1 Implemented CR:M | Yes|[]
N/AT]
PMA 25GBASE-R PMA 110.1 M Yes [ ]
AUI 25GAUI C2C 110.1 Interface is supported (0] Yes [ ]
No[]
AN Auto-negotiation 110.1 Device implements M Yes [ ]
Auto-Negotiation
DC Delay constraints 110.4 Device conforms to delay M Yes [ ]
constraints specified
*MD MDIO capability 110.5 Régisters and interface (0] Yes [ ]
supported No[]
*EEE EEE deep sleep capability 110.1 Capability is supported (¢} Yes [ ]
No []
*GTD Global PMD transmit L1N.7.5 Function is supported EEE: Yes [ ]
disable function M No[]
MDIS Single-lane MDI connector™| 110.11 Device uses SFP28 as MDI con- | O:2 Yes [ ]
nector N/AT]
MDIQ Quad-lane MDI eénnector 110.11 Device uses QSFP28 as MDI 0:2 Yes [ ]
connector N/AT]
*CBL Cable assembly 110.10 Items marked with CBL include | O Yes [ ]
cable assembly specifications No[]
not applicable to a PHY
manufacturer
CAN Cable assembly — no FEC 110.10 Cable assembly meets CBL: Yes [ ]
CA-25G-N specifications 0.1 No[]
CAS Cable assembly — short 110.10 Cable assembly meets CBL: Yes [ ]
CA-25G-S specifications 0.1 No[]
CAL Cable assembly — long 110.10 Cable assembly meets CBL: Yes [ ]
CA-25G-L specifications 0.1 No[]
FFSS SFP28 to SFP28 110.10.7.2.1 Cable assembly form factor is CBL: Yes [ ]
SFP28 to SFP28 0.2 No[]
166

Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved



https://standardsiso.com/api/?name=4f3627ef0f3caf579a165373f2aab08b

ISO/IEC/IEEE 8802-3:2017 /Amd.2:2017(E)

IEEE Std 802.3by-2016
|IEEE Standard for Ethernet—Amendment 2: Media Access Control Parameters,
Physical Layers, and Management Parameters for 25 Gb/s Operation

Item? Feature Subclause Value/Comment Status | Support
FFQS QSFP28 to 4xSFP28 110.10.7.2.2 Cable assembly form factor is CBL: Yes [ ]
and QSFP28 to 4xSFP28 0.2 No [ ]
110.10.7.2.3
FFQQ QSFP28 to QSFP28 110.10.7.2.4 Cable assembly form factor is CBL: Yes [ ]
QSFP28 to 4xSFP28 0.2 No[]

4A > preceding an “Item” identifier indicates there are other PICS that depend on whether or not this item is supported.

110.13.4 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and
baseband medium, type 25GBASE-CR and 25GBASE-CR-S

110.13.4.1 PMD functional specifications

Item Feature Subclause Value/Comment Status | Support

PF1 Transmit function 110.7.2 Converts a logical bit streams M Yes [ ]
from the PMD service interface
into an electrical signal-and

delivers it to the MDY

PF2 Transmitter signal 110.7.2 A positive differential voltage M Yes [ ]
corresponds\o tx_bit = one

PF3 ALERT signal 110.7.2 Tradsmit a periodic sequence, EEE:M | Yes[]
where each period of the sequence N/A[]

cortsists of 8 ones followed by
8 zeros, when tx_mode is set to
ALERT

PF4 Receive function 110:72 Converts an electrical signal from | M Yes [ ]
the MDI into a logical bit stream
and delivers it to the PMD service

interface
PF5 Receiver signal 110.7.2 A positive differential voltage M Yes [ ]
corresponds to rx_bit = one
PF6 When training disabled by man- | 110.7.2 Global PMD signal detectsetto | M Yes [ ]
agement one
PF7 Global _PMD' signal detect 110.7.4 Set to one within 500 ns following | EEE:M | Yes[]
asserted, rx_mode = QUIET the application of the signal

defined in 110.7.4 to the input of
the channel

PF8 Global PMD signal detectnot | 110.7.4 Not set to one when the signal EEE:M | Yes[]
asserted, rx_mode = QUIET applied to the input of the channel
is less than or equal to 70 mV
peak-to-peak differential

PF9 Global PMD _transmit disable 110.7.5 Disables all transmitters by GTD:M | Yes[]
forcing a constant output level N/AT[]
PF10 | Global PMD _transmit_disable 110.7.5 No effect GTD:M | Yes[]
flact on ] ool N/IA L1
A P M |
PF11 | Global PMD transmit disable 110.7.5 Turn off transmitter when EEE:M | Yes[]
function, tx_mode transition to tx_mode transitions to QUIET N/A T[]

QUIET from any other value
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Item Feature Subclause Value/Comment Status | Support
PF12 | Global PMD transmit disable 110.7.5 Turn on transmitter when tx mode | EEE:M | Yes| |
function, tx mode transition transitions from QUIET to any N/AT]
from QUIET other value
PF13 | PMD_fault variable mapping to | 110.7.7 Mapped to the fault bit as MD:M Yes [ ]
MDIO specified in 45.2.1.2.3 N/A[]
PF14 | PMD transmit fault variable 110.7.8 Mapped to Transmit fault bit as MD:M | Yes[]
mapping to MDIO specified in 45.2.1.7.4 N/AT]
PF15 | PMD_receive_fault variable 110.7.9 Mapped to Receive fault bit as MD:M | Yes/j ]
mapping to MDIO specified in 45.2.1.7.5 NA B
PF16 | PMD control function 110.7.10 Uses the same control functionas | M Yes [ ]
lane 0 of 100GBASE-CRA4, as
defined in 92.7.12

110.13.4.2 Management functions

Item Feature Subclause Value/€Comment Status | Support

MF1 PMD fault function 110.7.7 Mapped 'to_the fault bit as MD:M | Yes|[]
specified’in 45.2.1.2.3 N/A[]

MF2 PMD_transmit_fault function 110.7.8 Mapped to the PMD_trans- MD:M | Yes[]
mit_fault bit as specified in N/A[]
45.2.1.7.4

MF3 PMD_receive_fault function 110:7:9 Contributes to the MD:M | Yes[]
PMA/PMD receive fault bit N/A[]
as specified in 45.2.1.7.5

110.13.4.3 Transmitter specifications

Item Feature Subclause Value/Comment Status Support
TCl1 Test fixture return loss 92.11.1.1 Meets equation constraints M Yes [ ]
TC2 Test-tixture insertion loss 92.11.1.2 Meets equation constraints M Yes [ ]
TC3 Signaling rate 92.8.3.9 25.78125 GBd £ 100 ppm M Yes [ ]
TC4 Peak-to-peak differential 92.8.3.1 Less than or equal to M Yes [ ]

output voltage 1200 mV regardless of
transmit equalizer setting
TCS Peak-to-peak differential 92.8.3.1 Less than or equal to 35 mV M Yes [ ]
output voltage, transmitter
disabled
TCo6 DC common-mode output 92.8.3.1 Between 0 V and 1.9 V with M Yes [ ]
voltage respect to signal ground
TC7 AC common-mode output 92.8.3.1 Less than or equal to 30 mV M Yes [ ]
voltage RMS with respect to signal
ground
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Item Feature Subclause Value/Comment Status Support
TC8 The peak-to-peak differential | 92.8.3.1 Less than 30 mV within EEE:M Yes [ ]
output voltage 500 ns of the transmitter
being disabled.
TC9 The peak-to-peak differential | 92.8.3.1 Greater than 720 mV within EEE:M Yes [ ]
output voltage 500 ns of the transmitter
being enabled
TC10 The peak-to-peak differential 92.8.3.1 Meets the requirements of EEE:M Yes [ ]
output voltage 92.8.3 within 1 ps of the
transmitter being enabled
TC11 DC common-mode output 92.8.3.1 Maintained to within EEE:M Yes [ ]
voltage while the transmitter +150 mV of the value for the
is disabled. enabled transmitter
TC12 Common-mode output 92.8.3.1 Met regardless of the transmit | M Yes [ ]
voltage requirements equalizer setting
TC13 Differential output return loss | 92.8.3.2 Meets equation constrainty M Yes [ ]
(min)
TC14 Reference impedance for 92.8.3.2 100 Q M Yes [ ]
differential return loss
measurements
TC15 Common-mode to differen- 92.8.3.3 Meets equation constraints M Yes [ ]
tial mode output return loss
TC16 Steady-state voltage, ve 92.8.3.5.2 034 V min, 0.6 V max M Yes [ ]
TC17 Linear fit pulse peak (min) 110.8.3 0.49 x vy M Yes [ ]
TC18 Coefficient initialization 92.8.3.53 Satisfies the requirements of M Yes [ ]
92.8.3.5.3.
TC19 Normalized coefficient step 92.8.3.5.4 Between 0.0083 and 0.05 M Yes [ ]
size for “increment”
TC20 Normalized coefficient step 92.8.3.5.4 Between —0.05 and —0.0083 M Yes [ ]
size for “decrement”
TC21 Maximum post-clitser 92.8.3.5.5 Greater than or equal to 4 M Yes [ ]
equalization ratio
TC22 Maximum pre-cursor 92.8.3.5.5 Greater than or equal to 1.54 M Yes [ ]
equalization ratio
TC23 FPransmitter output SNDR 92.8.3.7 Greater than or equal to 26 dB | M Yes [ ]
TC24 Even-odd jitter 92.8.3.8.1 Less than or equal t0 0.035 Ul | M Yes [ ]
regardless of the transmit
equalization setting
T€25 Effective bounded 92.8.3.8.2 Less than or equal to 0.1 Ul M Yes [ ]
uncorrelated jitter peak-to-peak regardless of the
transmit equalization setting
TC26 Effective total uncorrelated 92.8.3.8.2 Less than or equal to 0.18 Ul M Yes [ ]
jitter RMS regardless of the trans-
mit equalization setting
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Item Feature Subclause Value/Comment Status Support
RCl1 Input amplitude tolerance, 110.8.4.1 PMD BER better than 107 CR:M Yes [ ]
RS-FEC mode under described conditions
RC2 Input amplitude tolerance, 110.8.4.1 PMD BER better than 10~ M Yes [ ]
BASE-R FEC mode under described conditions
RC3 Input amplitude tolerance, 110.8.4.1 PMD BER better than 10712 M Yes [ ]
no-FEC mode under described conditions
RC4 Differential input return loss 92.8.4.2 Meets equation constraints M Yes [ ]
RCS Reference impedance for 92.8.4.2 100 Q M Yes [ ]
differential return loss
measurements
RC6 Common-mode input return 92.8.4.3 Meets equation constraints M Yes [ ]
loss
RC7 Interference tolerance, 110.8.4.2 Satisfy requirements CR:M Yes [ ]
RS-FEC mode summarized in Table N 0-6 N/AT]
RCS8 Interference tolerance, 110.8.4.2 Satisfy requireménts summa- | M Yes [ ]
BASE-R FEC and no-FEC rized in Table110-7 and
modes Table 110-8
RC9 Interference tolerance 110.8.4.2 Cable-assembly used meets M Yes [ ]
€OM requirements
RC10 Interference tolerance 110.8.4.2.47)|\Pattern generator amplitude M Yes [ ]
and waveform
RCl11 Jitter tolerance, RS-FEC 110.8:4.3 Meets the error requirement CR:M Yes [ ]
mode specified in Table 110-6 for N/A[]
each case listed in
Table 110-9
RC12 Jitter tolerance, BASE-R.EEC | 110.8.4.3 Meets the error requirement M Yes [ ]
and no-FEC modes specified in Table 110-7 and
Table 110-8 for each case
listed in Table 110-9
RCI13 Signaling rate range 110.8.4.4 25.78125 GBd + 100 ppm M Yes [ ]
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110.13.4.5 Cable assembly specifications

Hem———— Feature——————————Subelause————— Value/Comment Status Suppert
CAl Differential reference 92.10.1 100 Q CBL:M Yes [ ]
impedance N/A[]
CA2 Minimum insertion loss at 110.10.2 Per Equation (92-26) CBL:M Yes [ ]
12.8906 GHz N/AT]
CA3 Maximum insertion loss at 110.10.2 Less than or equal to 15.5 dB CAN:M Yes [
12.8906 GHz N/AY ]
CA4 Maximum insertion loss at 110.10.2 Less than or equal to 16.48 dB | CAS:M Yes [ ]
12.8906 GHz N/AT]
CAS Maximum insertion loss at 110.10.2 Less than or equal to 22.48 dB | CAL:M Yes [ ]
12.8906 GHz N/AT]
CA6 Differential return loss 110.10.3 Per Equation (92-27) CBL:M Yes [ ]
N/AT]
CA7 Differential to common-mode | 110.10.4 Per Equation (92-28) CBL:M Yes [ ]
input and output return loss N/AT]
CA8 Differential to common-mode 110.10.5 Per Equation (92-29) CBL:M Yes [ ]
conversion loss N/A[]
CA9 Common-mode to common- 110.10.6 Per Eqéation (92-30) CBL:M Yes [ ]
mode return loss N/AT]
CA10 Cable assembly Channel 110.10.7 Greater than or equal to the CBL:M Yes [ ]
Operating Margin (COM) minimum value (in N/AT]
Table 110-11), both Test 1 and
Test 2, for all channels within
the cable assembly
CAll AC-coupling 110.11 Within the plug connector, on | CBL:M Yes [ ]
the receive lane, 3 dB cutoff N/AT]
frequency less than 50 kHz

110.13.4.6 MDI connector specifications

Item Feature Subclause Value/Comment Status Support
MDCI1 |/Single-lane MDI connector | 110.11.1 SFP28 receptacle. MDIS:M | Yes|[]
N/A[]
MDC2 | Quad-lane MDI connector 92.12 QSFP28 receptacle. MDIQ:M | Yes[]
N/AT]
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110.13.4.7 Environmental specifications

Hem

Featire ——{—Suhelause—

————ValuelComment

Status Suppert

CC1

Environmental specifications 110.12

Conform to applicable
requirements of 14.7

M Yes [ ]
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111. Physical Medium Dependent (PMD) sublayer and baseband medium,
type 25GBASE-KR and 25GBASE-KR-S

111.1 Overview

This clause specifies the 25GBASE-KR PMD, the 25GBASE-KR-S PMD, and the baseband medium. The
specifications are closely related to those of 100GBASE-KR4 (Clause 93) but with a single lane instead of
four lanes. This clause also makes use of Annex 93A, Annex 93B, and Annex 93C.

When forming a complete Physical Layer, the PMD shall be connected as illustrated in Figure 111-1, to thé

appropriate PMA as shown in Table 111-1, to the medium through the MDI and to the management func-
tions that are optionally accessible through the management interface defined in Clause 45, or equivalent.

Table 111-1—Physical Layer clauses associated with the 25GBASE-KR and 25GBASE-KR-S

PMDs
Associated clause 25GBASE-KR | 25GBASE-KR-S

106—RS Required Required
106—25GMII? Optional Optional
107—PCS Requiréd Required
74—BASE-R FEC? Regquired Required
108—RS-FEC? Required N/A

109—PMA Required Required
109A—25GAUI C2C Optional Optional
73—Auto-Negotiation Required Required
78—Energy Efficient Etheinet Optional Optional

8The 25GMII is an optional interface. However, if the 25GMII is not implemented, a
conforming implementation must behave functionally as though the RS and 25GMII
were present.

bFEC sublayers'can be enabled or disabled according to the FEC mode (see 111.6).

A 25GBASE-KRNPHY operates over a channel meeting the requirements of 111.9.1 or 111.9.2. A
25GBASE-KR-S’PHY operates over a channel meeting the requirements of 111.9.2. A 25GBASE-KR PHY
interoperates with a 25GBASE-KR-S PHY.

When-forming a complete 25GBASE-KR or 25GBASE-KR-S Physical Layer, the link BER requirements
depend on the FEC mode (see 111.6) according to the following guidelines.
a) If a PHY operates in the RS-FEC mode, and the RS-FEC decoder does not bypass error correction
(see 108.5.3.2), the link is required to operate with a BER of 107> or better.
b) IfaPHY operates in the BASE-R FEC mode, the link is required to operate with a BER of 108 or
better.
c) If a PHY operates in the no-FEC mode_or in the RS- FEC mode with error correction hvanQPr‘] the

link is required to operate with a BER of 10712 or better.
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In this context, a link consists of a compliant PMD transmitter, a compliant PMD receiver, and a channel
meeting the requirements of 111.9.1 or 111.9.2.

For a complete Physical Layer, this specification is considered to be satisfied by a frame loss ratio (see
1.4.223) of less than 6.2 x 10™"° for 64-octet frames with minimum interpacket gap.

25GBASE-KR and 25GBASE-KR-S PHY's with the optional Energy-Efficient Ethernet (EEE) capability
may optionally enter the Low Power Idle (LPI) mode to conserve energy during periods of low link
utilization.

Figure 111-1 shows the relationship of the PMD and MDI to the ISO/IEC Open System Interconngction
(OSI) reference model.

ETHERNET
LAYERS
| HIGHER LAYERS
osl / LLC OR OTHER MAC CLIENT.
REFERENCE
MODEL / MAC CONTROL (OPTIONAL)
LAYERS / MAC
APPLICATION / RECONGILIATION
PRESENTATION I 25GMII —»
/7
25GBASE-R PCS
SESSION I 1
/ FEC
TRANSPORT | /
PMA PHY

/ /
NETWORK /

DATALINK |/

PHYSICAL

MEDIUM

25GBASE-KR or 25GBASE-KR-S

25GMII = 25 GIGABIT MERIAINDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER

AN = AUTO-NEGOTATION PHY = PHYSICAL LAYER DEVICE

FEC = FORWARD ERROR CORRECTION PMA = PHYSICAL MEDIUM ATTACHMENT

LLC = LOGICAL EINK CONTROL PMD = PHYSICAL MEDIUM DEPENDENT

MAC = MEDIAACCESS CONTROL

MDI = MEDIUM DEPENDENT INTERFACE NOTE 1—CONDITIONAL BASED ON PHY TYPE

Figure 111-1—25GBASE-KR and 25GBASE-KR-S relationship to the ISO/IEC Open
Systems Interconnection (OSI) reference model and the IEEE 802.3 Ethernet model

111.2 PMD service interface

This subclause specifies the services provided by the 25SGBASE-KR and 25GBASE-KR-S PMDs. The

Q1 Q Q Q o ace PAND de had bhatraot smannaor and dog ava 0 - -

implementation. The PMD service interface supports the exchange of encoded data. The PMD translates the
encoded data to and from signals suitable for the medium.
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The PMD service interface is an instance of the inter-sublayer service interface defined in 105.4. The PMD
service interface primitives are summarized as follows:

PMD:IS UNITDATA. request

PMD:IS_UNITDATA.indication
PMD:IS_SIGNAL.indication

The PMA (or the PMD) continuously sends a bit stream to the PMD (or the PMA) at a nominal signaling
rate of 25.78125 GBd.

The SIGNAL OK parameter of the PMD:IS SIGNAL.indication primitive corresponds to the variable
Global PMD _signal_detect as defined in 111.7.4. When Global PMD _signal detect is one, SIGNAL\ OK
shall be assigned the value OK. When Global PMD _signal detect is zero, SIGNAL OK shall be.assigned
the value FAIL. When SIGNAL OK is FAIL, the PMD:IS UNITDATA.indication parameteris’ uridefined.

If the optional EEE deep sleep capability is supported, then the PMD service intetface includes two
additional primitives as follows:

PMD:IS TX MODE.request
PMD:IS RX MODE.request

111.3 PCS requirements for Auto-Negotiation (AN) service interface

The PCS associated with this PMD is required to suppoert the AN service interface primitive
AN _LINK.indication defined in 73.9. (See 107.4.)

25GBASE-KR and 25GBASE-KR-S PHYs may be extended using a 25GAUI chip-to-chip (C2C) as a phys-
ical instantiation of the inter-sublayer service interface between devices. If 25SGAUI C2C is instantiated, the
AN _LINK(link_status).indication is relayed frém.the device with the PCS sublayer to the device with the
AN sublayer by means at the discretion of theZimplementer. As examples, the implementer may employ use
of pervasive management or employ a dedicated electrical signal to relay the state of link_status as indicated
by the PCS sublayer on one device to the*AN sublayer on the other device.

111.4 Delay constraints

The sum of the transmit-and-the receive delays at one end of the link contributed by the PMD, AN, and the
medium in one direction-shall be no more than 512 bit times (1 pause_quantum or 20.48 ns). It is assumed
that the one way delay through the medium is no more than 200 bit times (8 ns).

A description of overall system delay constraints and the definitions for bit times and pause_quanta can be
found in 105.5.

141,5 PMD MDIO function mapping

The optional MDIO capability described in Clause 45 defines several registers that provide control and sta-
tus information for and about the PMD. If MDIO is implemented, it shall map MDIO control bits to PMD
control variables as shown in Table 111-2, and MDIO status bits to PMD status variables as shown in
Table 111-3.
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Table 111-2—25GBASE-KR MDIO/PMD control variable mapping

MDIO control variable PMA/PMD register name Rflgui;tlilz'l_)it PMD control variable
Reset PMA/PMD control 1 1.0.15 PMD_reset
Global PMD transmit disable PMD transmit disable 1.9.0 Global PMD _transmit disable
Restart training BASE-R PMD control 1.150.0 mr_restart_training
Training enable BASE-R PMD control 1.150.1 mr_training_enable
Polynomial identifier 0 PMD training pattern lane 0 1.1450.12:11 | identifier 0
Seed 0 PMD training pattern lane 0 1.1450.10:0 seed 0

Table 111-3—25GBASE-KR MDIO/PMD status variable mapping

MDIO status variable PMA/PMD register name Rflglj;tli)lzrit PMD status variable
Fault PMA/PMD status 1 1.1.7 PMD_ fault
Transmit fault PMA/PMD status 2 1.8.11 PMD _transmit_fault
Receive fault PMA/PMD status 2 1.8.10 PMD _receive_fault
Global PMD receive signal PMD receive signal detect 1.10.0 Global PMD signal detect
detect
Receiver status 0 BASE-R PMD status 1.151.0 rx_trained
Frame lock 0 BASE-R PMD status 1.151.1 frame lock
Start-up protocol status 0 BASE-R RMD status 1.151.2 training
Training failure 0 BASE:R'PMD status 1.151.3 training_ failure

111.6 FEC modes

A 25GBASE-KR PHY\implements the BASE-R FEC sublayer (Clause 74) and the 25GBASE-R RS-FEC
sublayer (Clause 108).-A 25GBASE-KR-S PHY implements the BASE-R FEC sublayer (Clause 74). Each
FEC sublayer can be either enabled or disabled, according to AN resolution or management control.

Three FE€-modes are supported:

a)_~“When the 25GBASE-R RS-FEC sublayer is enabled, the PHY is defined to operate in the RS-FEC

mode.

b) When the BASE-R FEC sublayer is enabled, the PHY is defined to operate in the BASE-R FEC

mode.

¢)  When no FEC sublayer is enabled, the PHY is defined to operate in the no-FEC mode.

A 25GBASE-KR PHY can operate in RS-FEC, BASE-R FEC, or no-FEC mode. A 25GBASE-KR-S PHY

can operate in either BASE-R FEC or no-FEC mode.
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The channel specification (111.9) that the PHY supports and the required PMD receiver characteristics
(111.8.3) depend on the FEC mode.

The FEC mode is determined using AN (Clause 73) and is used in both transmit direction and receive direc-

tion. It is recommended to configure the AN FEC advertisement such that only modes that are compatible
with the specific channel are selected.

111.7 PMD functional specifications
111.7.1 Link block diagram

One direction of a 2SGBASE-KR or 25GBASE-KR-S link is shown in Figure 111-2.

PMD PMD
service service
interface interface

| anne| |
PMD Ch | PMD
|< ﬁ# ﬁ% >
| |
| |
PMD | | PMD
—l—b transmit I I receive —l—>
| function function |
| |
I | | I
Device | | Device
| Mated | package
S | connector AC-coupling | 8
=10 : | T @
SL<p> R P DL<p>
—’ ]|
SL<n> BS " DL<n>
Package-to > - p i}
board-interface

Figure 111-2—25GBASE:KR or 25GBASE-KR-S link (one direction is illustrated)

111.7.2 PMD transmit function

The PMD transmit function shall convert the bit stream requested by the PMD service interface message
PMD:IS _UNITDATA .request(tx_bit) into an electrical signal. The electrical signal shall then be delivered
to the MDI, accotding to the transmit electrical specifications in 111.8.2. A positive differential output
voltage (SL<p>minus SL<n>) shall correspond to tx_bit = one.

If the optienal EEE deep sleep capability is supported, the following requirements apply. When the PMD
serviceninterface message PMD:IS TX MODE.request(tx_mode) is received with tx_mode = ALERT, the
PMD-transmit function shall transmit a periodic sequence, where each period of the sequence consists of
8ones followed by 8 zeros, with the transmit equalizer coefficients set to the preset values (see
72.6.10.2.3.1). This sequence is transmitted regardless of the value of tx bit presented by the
PMD:IS UNITDATA.request primitive. When tx_mode is not set to ALERT, the transmit equalizer
coefficients are set to the values determined via the start-up protocol (see 111.7.10).
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111.7.3 PMD receive function

The PMD receive function shall convert the electrical signal from the MDI into a bit stream for delivery to
the PMD service interface using the message PMD:IS UNITDATA. indication(rx bit). A positive

differential input voltage (DL<p> minus DL<n>) shall correspond to rx_bit = one.
111.7.4 Global PMD signal detect function

The Global PMD signal detect function is used by the PMD to indicate the successful completion of the
start-up protocol by the PMD control function (see 111.7.10). Global PMD _signal detect is set to zer@
when the value of the variable signal detect is set to false by the Training state diagram (see Figure 72-5).
Global PMD _signal_detect is set to one when the value of signal detect is set to true.

If training is disabled by the management variable mr training enable (see” 111.5),
Global PMD signal detect shall be set to one.

If the optional EEE deep sleep capability is supported, the following requirementS-apply. The value of
Global PMD signal detect is set to zero when the PMD seryiCe, interface message
PMD:IS RX MODE.request(rx_mode) is initially received with rx_mode = QUIET. While rx_mode is set
to QUIET, Global PMD signal detect shall be set to one within 500 ns of\the application of the ALERT
pattern defined in 111.7.2, with peak-to-peak differential voltage of 720.mV as measured at TPOa, to the
differential pair at the input of the channel that connects the transmitterto,the receiver. While rx_mode is set
to QUIET, Global PMD_signal detect shall not be set to one whén the voltage applied to the input of the
differential pair of the channel that connects the transmitter tosth® receiver is less than or equal to 60 mV
peak-to-peak differential.

When the MDIO is implemented, this function maps th€ variables to registers and bits as defined in 111.5.
111.7.5 Global PMD transmit disable function

The Global PMD transmit disable functionsissmiandatory if the EEE deep sleep capability is supported and is
otherwise optional. When this function is,supported, it shall meet the following requirements:

a) When Global PMD transmit disable variable is set to one, this function shall turn off the
transmitter such that it dfives a constant level (i.e., no transitions) and does not exceed the maximum
differential peak-to-péak output voltage in Table 93-4.

b) IfaPMD fault (A1IN7.7) is detected, then the PMD may set Global PMD _transmit_disable to one.
c¢) Loopback, as‘defined in 111.7.6, shall not be affected by Global PMD _transmit_disable.

d) The following additional requirements apply when the optional EEE deep sleep capability is
supperted. The Global PMD transmit disable function shall turn off the transmitter as specified in
93:8.1:3 when tx_mode transitions to QUIET from any other value. The Global PMD transmit
disable function shall turn on the transmitter as specified in 93.8.1.3 when tx_mode transitions from
QUIET to any other value.

111.7.6 Loopback mode

Local loopback mode is provided by the adjacent PMA (see Clause 109) as a test function. When loopback
mode is enabled, transmission requests passed to the transmitter are sent directly to the receiver, overriding

any signal detected on its attached link. Note that loopback mode does not affect the state of the transmitter,
which continuesto-send data(unless-disabled).

Control of the loopback function is specified in 109.4.2.
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NOTE 1—The signal path that is exercised in the loopback mode is implementation specific, but it is recommended that
this signal path encompass as much of the circuitry as is practical. The intention of providing this loopback mode of
operation is to permit diagnostic or self-test functions to test the transmit and receive data paths using actual data. Other
loopback signal paths may also be enabled independently using loopback controls within other devices or sublayers.

NOTE 2—Placing a network port into loopback mode can be disruptive to a network.

111.7.7 PMD fault function

PMD fault is the logical OR of PMD receive fault, PMD_transmit fault, and any other implementation
specific fault. If the MDIO is implemented, PMD _fault shall be mapped to the fault bit as specified in
45.2.1.2.3.

111.7.8 PMD transmit fault function

The PMD transmit fault function is optional. The faults detected by this function are implementation spe-
cific, but the assertion of Global PMD _transmit_disable is not considered a transmit fault:

If PMD_transmit_fault is set to one, then Global PMD _transmit disable should also be set to one.

If the MDIO interface is implemented, then PMD _transmit fault shall be mappéd to the Transmit fault bit as
specified in 45.2.1.7.4.

111.7.9 PMD receive fault function

The PMD receive fault function is optional. The faults detected by this function are implementation specific.
A fault is indicated by setting the variable PMD receive fault’to one.

If the MDIO interface is implemented, then PMD s€ceive fault shall be mapped to the Receive fault bit
specified in 45.2.1.7.5.

111.7.10 PMD control function

25GBASE-KR and 25GBASE-KR-S PMDs shall use the same control function as lane 0 of 100GBASE-
CR4, as defined in 92.7.12.

The variables seed 0 and .polynomial 0 control the training pattern choice. It is recommended that

implementations with multiple PMDs use distinct values of polynomial 0 for PMDs that are coupled by
crosstalk.

111.8 Electrical characteristics

111.8.1 MDI

The'MIDI for 25GBASE-KR and 25GBASE-KR-S PHYSs is an implementation-dependent direct electrical
connection between the PMD and the medium. The MDI comprises two differential pairs, one for the trans-

mit function and one for the receive function, marked by TPO and TP5 in Figure 111-2.

Transmitter and receiver characteristics are defined at TPOa and TP5a, which are connected to the MDI
through the test fixtures described in 93.8.1.1 and 93.8.2.1.
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111.8.2 Transmitter characteristics

Transmitter electrical characteristics at TPOa for 25SGBASE-KR and 25GBASE-KR-S shall be the same as
those of a single lane of 100GBASE-KR4, as summarized in Table 93-4 and detailed in 93.8.1.1 through

93.8.1.7, with the exception that the value of linear fit pulse peak (min.) is 0.75 % vz
111.8.3 Receiver characteristics

Receiver electrical characteristics are specified at TP5a. The receiver shall meet the return loss specified in
93.8.2.2 using the text fixture specified in 93.8.2.1. In addition, the requirements in 111.8.3.1 and 111.8.3.2

apply.
111.8.3.1 Receiver interference tolerance

The receiver interference tolerance test setup and method are as specified in 93.8.2.3, for arsingle lane, with
the following considerations:

a)  The test requirements in this subclause replace the test requirements in Taljle 93—6. The test require-
ments for RS-FEC mode are provided in Table 111-4. The test requirements for BASE-R FEC
mode are provided in Table 111-5. The test requirements for ne-FEC mode are provided in
Table 111-6.

b) COM is calculated using both Test 1 and Test 2 device packagé model transmission line lengths
listed in Table 111-8 on the receiver side. The value of COMJis taken as the lower of the two calcu-
lated values.

¢) The transmitter device package model SUP) is omitted)from Equation (93A-3) in the calculation of
COM. The filtered voltage transfer function H(k)(f) calculated in Equation (93A—19) uses the filter
H(f) defined by Equation (93A—46), where #15\2, 7T, is calculated as 7,.=1.09 x T,,,, — 4.32 ps, and
T,,, is the measured 20% to 80% transition _time of the signal at TPOa. T,,, is measured using the
method in 86A.5.3.3, with the exception-that the observation filter bandwidth is 33 GHz instead of
12 GHz. T,,, is measured with the transmit equalizer turned off (i.e., coefficients set to the preset

values, see 72.6.10.2.3.1).

It is recommended to adjust the test transmitter jitter such that the effective bounded uncorrelated jitter and
the effective total uncorrelated jitter are as close as practical to their limits in Table 93-4.

A 25GBASE-KR PHY shall comply with the receiver interference tolerance test requirements for RS-FEC
mode, BASE-R FEC mode and no-FEC mode. A 25GBASE-KR-S PHY shall comply with the receiver
interference tolerance test requirements for BASE-R FEC mode and no-FEC mode.
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Table 111-4—25GBASE-KR interference tolerance parameters,

RS-FEC mode

Test 1 (low loss) Test 2 (high loss)
Parameter Units

Min Max Min Max

Insertion loss at 12.89 GHz? 30 30.5 35 35.5 dB

COM — 3 — 3 dB

Test pattern Scrambled idle encoded by RS-FEC

RSS_DFE4" 0.05 — 0.05 —

RS-FEC symbol error ratio required® <10

bmax used in COM calculation 1

DER used in COM calculation 107

#Measured between TPt and TP5 (see Figure 93C—4).
"The parameter RSS_DFEA4 is a figure of merit for the test channel that'is'defined in 93A.2.
“The RS-FEC symbol error ratio is measured using the RS-FEC symbol'error counter (see 108.6.9).

Table 111-5—25GBASE-KR and 25GBASE-KR-S-interference tolerance parameters,
BASE-R FEC'mode

Test 1 (low loss) Test 2 (high loss)
Parameter Units

Min Max Min Max

Insertion loss at 12.89 GHz* 16 16.5 30 30.5 dB

COM — 3 — 3 dB

Test pattern Scrambled idle encoded by BASE-R FEC

RSS DFE4" 0.05 — 0.05 ’ —

BASE-R FEC carrected block ratio required® ¢ <21x107°

bmax used it COM calculation 0.5

DERgyused’in COM calculation 1078

*Measured between TPt and TP5 (see Figure 93C—4).

The parameter RSS DFE4 is a figure of merit for the test channel that is defined in 93A.2.

“The BASE-R FEC corrected block ratio is measured using the FEC corrected blocks counter (see 74.8.4.1).

9The FEC uncorrected blocks counter (see 74.8.4.2) is required to indicate zero errors during the test unless the
test duration is such that the uncorrected block ratio can be verified to be less than 4.7 x 10710,
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Table 111-6—25GBASE-KR and 25GBASE-KR-S interference tolerance parameters,

no-FEC mode
Test-Howloss) Fest-2-thich-loss)
Parameter Units
Min Max Min Max
Insertion loss at 12.89 GHz? 16 16.5 30 30.5 dB
COM — 3 — 3 dB
Test pattern Scrambled idle or PRBS31
RSS DFE4" 0.05 ‘ — ‘ 0.05 ‘ —
Bit error ratio required® <1012
bmax used in COM calculation 0.35
DER, used in COM calculation 10712

Measured between TPt and TP5 (see Figure 93C—4).

®The parameter RSS_DFEA4 is a figure of merit for the test channel that is defingd.in/93A.2.

“The bit error ratio is measured using the PCS errored blocks counter (se€4972.14.2) or the PMA
PRBS31 error counter (see 109.4.4.4) as appropriate.

111.8.3.2 Receiver jitter tolerance

Jitter tolerance in the RS-FEC mode is measured with a channel meeting the insertion loss of Test 2 and the
RS-FEC symbol error ratio requirement specified in Table™ 11-4. Jitter tolerance in the BASE-R FEC mode
is measured with a channel meeting the insertion loss of Test 2 and the corrected block ratio requirement
specified in Table 111-5. Jitter tolerance in the no*FEC mode is measured with a channel meeting the inser-
tion loss of Test 2 and the bit error ratio requirement specified in Table 111-6.

Receiver jitter tolerance is verified for eachpair of jitter frequency and peak-to-peak amplitude values listed
in Table 111-7. The test setup shown in<Figure 93—12, or its equivalent, is used. The synthesizer frequency
is set to the specified jitter frequency and the synthesizer output amplitude is adjusted until the specified
peak-to-peak jitter amplitude for'that frequency is measured at TPOa. The test procedure is the same as the
one described in 111.8.3.1, with the exception that no broadband noise is added.

For 25GBASE-KR and 25GBASE-KR-S PHYs, the receiver under test shall meet the error requirement
specified for the tests in Table 111-5 and Table 111-6, for each case listed in Table 111-7. For a
25GBASE-KR PHY, the receiver under test shall also meet the error requirement specified for the test in
Table 111-4 forreach case listed in Table 111-7.

Table 111-7—Receiver jitter tolerance parameters

Parameter Case A Case B Units
values values
Jitter frequency 190 940 kHz
Peak-to-peak jitter amplitude 5 1 Ul
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111.9 Channel characteristics

Channel characteristics are defined by Channel Operating Margin (COM), computed using the procedure in
93A.1, where T..is 12 ps and Sis 2 for H,(f) as used in Equation (93A-19). The parameters used for calcu-

lation of COM are different for channels used to connect two PHY's of type 25GBASE-KR and for channels
used to connect two PHY's where one or both are of type 25GBASE-KR-S.

Channels used to connect PHY's that operate in the no-FEC mode of operation or in the RS-FEC mode with
error correction bypassed shall meet the COM requirement with DER,) set to 102 and byax st to 0.35.

All channels shall have AC-coupling as specified in 93.9.4 and are recommended to meet the insertion 10ss
limits in 93.9.2 and the return loss limits in 93.9.3.

111.9.1 25GBASE-KR channel

A 25GBASE-KR channel is used as a link connecting two 25GBASE-KR PHYs. COM parameter values for
this channel are provided in Table 111-8.

COM is calculated for two test cases, Test 1 and Test 2, which differ in the yalue of the device package
model transmission line length z,. COM shall be greater than or equal to 3 dB.fer each test.

111.9.2 25GBASE-KR-S channel

A 25GBASE-KR-S channel is used as a link between a pair of 25GBASE-KR-S PHYs, between a pair of
25GBASE-KR PHYs, or between a 25GBASE-KR-S PHY anda 25GBASE-KR PHY. COM parameter val-
ues for this channel are provided in Table 111-8.

COM is calculated for two test cases, Test 1 and Test 2, which differ in the value of the device package

model transmission line length z,. COM shall be gteater than or equal to 3 dB for each test.

Table 111-8—COM parameter values

Parameter Symbol 25GBASE-KR? 25GBASE-KR-S Units

Signaling rate /b 25.78125 GBd
Maximum start frequency Jnin 0.05 GHz
Maximum frequency.step Af 0.01 GHz
Device package.model

Single-ended device capacitance Cy 2.5% 107 nF

Transrhission line length, Test 1 z, 12 mm

Trafsmission line length, Test 2 zZ, 30 mm

Single-ended package capacitance at

package-to-board interface G, 1.8x107* nF
Single-ended reference resistance Ry 50 Q
Single-ended termination resistance R, 55 Q
Receiver 3 dB bandwidth fr 0.75 % f3, GHz
Tlalmll;t‘l:\al \/\—lual;L\/l, lll;ll;lllulll Cursur bU\afﬁU;hllt L(C) C.\J"
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Table 111-8—COM parameter values (continued)

Parameter Symbol 25GBASE-KR? 25GBASE-KR-S Units
Transmitter equalizer, pre-cursor coefficient c(-1) —
Minimum value —0.18
Maximum value 0
Step size 0.02
Transmitter equalizer, post-cursor coefficient c(1) —
Minimum value —0.38
Maximum value 0
Step size 0.02
Continuous time filter, DC gain gpe
Minimum value -13 dB
Maximum value 0 dB
Step size 1 dB
Continuous time filter, zero frequency f fpl4 GHz
Continuous time filter, pole frequencies Il fn /4 GHz
ho 7
Transmitter differential peak output voltage
Victim A, 0.43 \%
Far-end aggressor Ap, 0.63 v
Near-end aggressor Ape 0.63 \%
Number of signal levels L 2 —
Level separation mismatch ratio Ry 1 —
Transmitter signal-to-noise ratio SNRx 27 dB
Number of samples per unit interval M 32 —
Decision feedback equalizer (DFE) length Ny, 14 —
Normalized DFE coefficient magnitude limit, for —
n=1to N, bmax(m) 1 0.5
Random jitter, RMS GRrJ 0.01 Ul
Dual-Dirac jitter, peak App 0.05 Ul
One-sided noise spectral, density Mo 52x%10°8 V2/GHz
Target detector errorratio DER,, 107 1078 —

8The parameters for the 25GBASE-KR channel are the same as those for 100GBASE-KR4 (Table 93-8), except for
8Dpe» Av, Afe’ and Ane.

111,40 Environmental specifications

All equipment subject to this clause shall conform to the applicable requirements of 93.10.
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111.11 Protocol implementation conformance statement (PICS) proforma for
Clause 111, Physical Medium Dependent (PMD) sublayer and baseband medium,
type 25GBASE-KR and 25GBASE-KR-S1°

111.11.1 Introduction
The supplier of a protocol implementation that is claimed to conform to Clause 111, Physical Medium
Dependent (PMD) sublayer and baseband medium, type 25GBASE-KR and 25GBASE-KR-S, shall

complete the following protocol implementation conformance statement (PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing\the
PICS proforma, can be found in Clause 21.

111.11.2 Identification

111.11.2.1 Implementation identification

Supplier1

Contact point for inquiries about the PICS!

Implementation Name(s) and Version(s)l’ 3

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systems; System Narne(s)2

NOTE 1— Required for all implementations.
NOTE 2— May be completed as appropriate in meeting the requirements for the identification.

NOTE 3—The terms Name and Version should be integpreted appropriately to correspond with a supplier’s
terminology (e.g., Type, Series, Model).

111.11.2.2 Protocol summary

Identification of protocol stafidard IEEE Std 802.3by-2016, Clause 111, Physical Medium
Dependent (PMD) sublayer and baseband medium, type
25GBASE-KR and 25GBASE-KR-S

Identification of-amendments and corrigenda to this
PICS proforma'‘that have been completed as part of this
PICS

Have any, Exception items been required?  No [ ] Yes [ ]
(See.Clause 21; the answer Yes means that the implementation does not conform to IEEE Std 802.3by-2016.)

Date of Statement

1OCopyright 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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111.11.3 Major capabilities/options

Item? Feature Subclause Value/Comment Status Support
*KR 25GBASE-KR 111.1 Supports requirements of (¢} Yes [ ]
25GBASE-KR PHY No[]
KR-S 25GBASE-KR-S 111.1 Supports requirements of M Yes [ ]
25GBASE-KR-S PHY
25GMII 25GMII 111.1 Interface is supported (¢} Yes [ ]
No A
PCS 25GBASE-R PCS 111.1 M Yes [ ]
BR-FEC BASE-R FEC 111.1 Implemented M Yes [ ]
RS-FEC 25GBASE-R RS-FEC 111.1 Implemented KR:3Wr Yes [ ]
N/AT]
PMA 25GBASE-R PMA 111.1 M Yes [ ]
25GAUI 25GAUI 111.1 Interface is supported (0] Yes [ ]
No[]
AN Auto-negotiation 111.1 M Yes [ ]
DC Delay constraints 111.4 Conforms-to-delay M Yes [ ]
constraints-specified
*MD MDIO capability 111.5 Registers and interface O Yes [ ]
stpported No[]
*EEE EEE capability 111.1 Capability is supported (0] Yes [ ]
No[]
*GTD Global PMD transmit disable 111.7.5 Function is supported EEE:M Yes [ ]
function No[]
*CHNL Channel 111.9 Channel specifications not o Yes [ ]
applicable to a PHY No[]
manufacturer.

aA “*> preceding an “Item” identifier indicates there are other PICS that depend on whether or not this item is supported.

186
Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved



https://standardsiso.com/api/?name=4f3627ef0f3caf579a165373f2aab08b

111.11.4 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and

Physical Layers, and Management Parameters for 25 Gb/s Operation

ISO/IEC/IEEE 8802-3:2017 /Amd.2:2017(E)

IEEE Std 802.3by-2016
|IEEE Standard for Ethernet—Amendment 2: Media Access Control Parameters,

baseband medium, type 25GBASE-KR and 25GBASE-KR-S

111.11.4.1 Functional specifications

Item

Feature

Subclause

Value/Comment

Status

Support

FS1

PMD transmit function

111.7.2

Converts a logical bit stream
from the PMD service
interface into an electrical
signal and delivers it to the
MDI

M

Yes [ ]

FS2

Mapping of logical signals to
electrical signals

111.7.2

Positive differential output
voltage corresponds to
tx_bit=one

Yes [ ]

FS3

ALERT signal

111.7.2

Transmit a periodic
sequence, where each period
of the sequence consists of
8 ones followed by 8 zetes,
when tx_mode is set+to
ALERT

EEE'M

Yes [ ]
N/A[]

FS4

PMD receive function

111.7.3

Converts an electrical signal
from the MDJ'into a logical
bit stredmrand delivers it to

the RMD service interface

Yes [ ]

FS5

Mapping of electrical signals to
logical signals

111.7.3

Posifive differential input
voltage corresponds to
rx_bit = one

Yes [ ]

FS6

SIGNAL_OK mapping

1112

Set to OK when
Global PMD signal detect
is one and set to FAIL when
Global PMD signal detect
is zero

Yes [ ]

FS7

Global PMD _signal detept

111.7.4

Set to 1 when training
disabled by variable
mr_training_enable

Yes [ ]

FS8

Global PMD_ssignal detect
when rx_mgde'= QUIET

111.7.4

Set to one within 500 ns
following the application of
the signal defined in 111.7.2
to the input of the channel

EEE:M

Yes [ ]
N/A[]

FS9

Global  PMD_signal _detect
Wwhen rx_mode = QUIET

111.7.4

Not set to one when the
signal applied to the input of
the channel is less than or
equal to 60 mV peak-to-peak
differential

EEE:M

Yes [ ]
N/AT]

ES10

Global PMD _transmit disable

111.7.5

When set to one, transmitter
is turned off

GTD:M

Yes [ ]
N/A[]

FS11

Global PMD transmit disable
function affect on loopback

111.7.5

No effect

GTD:M

Yes [ ]
N/A[]

FS12

Global PMD transmit disable
function, tx_mode transition to

111.7.5

Turns off transmitter when
tx_mode transitions to

EEE:M

Yes [ ]
N/A[]

QUIET

QUIET from any other value
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Item Feature Subclause Value/Comment Status Support
FS13 Global PMD transmit disable 111.7.5 Turns on transmitter when EEE:M Yes [ ]
function, tx mode transition tx mode transitions from N/AT]
from QUIET QUIET to any other value
FS14 PMD_fault variable mapping 111.7.7 Mapped to the fault bit as MD:M Yes [ ]
to MDIO specified in 45.2.1.2.3 N/A[]
FS15 PMD transmit_fault variable 111.7.8 Mapped to Transmit fault bit | MD:M Yes [ ]
mapping to MDIO as specified in 45.2.1.7.4 N/AT]
FS16 PMD _receive fault variable 111.7.9 Mapped to Receive fault bit MD:M Yes Ji |
mapping to MDIO as specified in 45.2.1.7.5 NAA [V
FS17 PMD control function 111.7.10 Defined in 92.7.12 M Yes[]
111.11.4.2 Transmitter characteristics
Item Feature Subclause Value/Comment Status Support
TCl1 Test fixture insertion loss 93.8.1.1 Between 1.2 dBand-V.6 dBat | M Yes [ ]
12.89 GHz
TC2 Test fixture insertion loss 93.8.1.1 Magnitudéless than 0.1 dB M Yes [ ]
deviation
TC3 Test fixture differential return | 93.8.1.1 Meets’equation constraints M Yes [ ]
loss
TC4 Test fixture common-mode 93.8.1.1 Greater than or equal to 10 dB | M Yes [ ]
return loss from 0.05 to 13 GHz
TCs Signaling rate 93yl .2 25.78125 GBd + 100 ppm M Yes [ ]
TC6 Peak-to-peak differential 93.8.1.3 Less than or equal to M Yes [ ]
output voltage 1200 mV regardless of
transmit equalizer setting
TC7 Peak-to-peak differential 93.8.1.3 Less than or equal to 30 mV M Yes [ ]
output voltage, transmitter
disabled
TC8 DC common-mode output 93.8.1.3 Between 0 V and 1.9 V with M Yes [ ]
voltage respect to signal ground
TC9 AC-eommon-mode output 93.8.1.3 Less than or equal to 12 mV M Yes [ ]
veltage RMS with respect to signal
ground
TCTo Common-mode output 93.8.1.3 Met regardless of the transmit | M Yes [ ]
voltage requirements equalizer setting
TC11 Transmitter disable timing 93.8.1.3 Peak-to-peak differential EEE:M Yes [ ]
output voltage less than N/AT]
30 mV within 500 ns of the
transmitter being disabled
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Item Feature Subclause Value/Comment Status Support
TC12 Transmitter enable timing 93.8.1.3 Peak-to-peak differential EEE:M Yes [ ]
output voltage greater than N/AT]
720 mV within 500 ns of the
transmitter being enabled and
meet all requirements of
93.8.1 within 1 ps
TC13 Common-mode output volt- 93.8.1.3 Maintained to within EEE:M Yes [ ]
age, transmitter disabled +150 mV of the value for the N/AT]
enabled transmitter
TC14 Differential input return loss 93.8.1.4 Meets equation constraints M Yes|[ |
TC15 Reference impedance for 93.8.1.4 100 Q M Yes [ ]
differential return loss
measurements
TC16 Common-mode output return | 93.8.1.4 Meets equation constraints M Yes [ ]
loss
TC17 Reference impedance for 93.8.1.4 25Q M Yes [ ]
common-mode return loss
measurements
TC18 Steady-state voltage, vy 93.8.1.5.2 Greater than ot equalto 0.4V | M Yes [ ]
' and less than or equal to 0.6 V
after the trahsmit equalizer
coeffieients have been set to
the “preset” values
TC19 Linear fit pulse peak 111.8.2 Greater than 0.75 x vrafter M Yes [ ]
the transmit equalizer
coefficients have been set to
the “preset” values
TC20 Coefficient initialization AP3871.5.3 Satisfies the requirements of M Yes [ ]
93.8.1.5.3.
TC21 Normalized coefficient stép 93.8.1.5.4 Between 0.0083 and 0.05 M Yes [ ]
size for “increment”
TC22 Normalized coefficient step 93.8.1.5.4 Between —0.05 and —0.0083 M Yes [ ]
size for “decrement”
TC23 Maximum pest-cursor 93.8.1.5.5 Greater than or equal to 4 M Yes [ ]
equalization ratio
TC24 Maximum pre-cursor 93.8.1.5.5 Greater than or equal to 1.54 M Yes [ ]
equalization ratio
TC25 Transmitter output noise and 93.8.1.6 SNDR greater than or equalto | M Yes [ ]
distortion 27 dB
TC26 Even-odd jitter 93.8.1.7 Less than or equal to 0.035 UL | M Yes [ ]
regardless of the transmit
equalization setting
TC27 Effective bounded uncor- 93.8.1.7 Less than or equal to 0.1 Ul M Yes [ ]
related jitter peak-to-peak regardless of the
transmit equalization setting
TC28 Effective total uncorrelated 93.8.1.7 Less than or equal to 0.18 UL M Yes [ ]
jitter peak-to-peak regardless of the
transmit equalization setting
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111.11.4.3 Receiver characteristics

Item Feature Subclause Value/Comment Status Support
RC1 Test fixture insertion loss 93.8.2.1 Between 1.2 dB and 1.6 dB at M Yes [ ]
12.89 GHz
RC2 Test fixture insertion loss devi- | 93.8.2.1 Magnitude less than 0.1 dB M Yes [ ]
ation
RC3 Test fixture differential return 93.8.2.1 Meets equation constraints M Yes [ ]
loss
RC4 Test fixture common-mode 93.8.2.1 Greater than or equal to 10 dB M Yes [ ]
return loss from 0.05 GHz to 13 GHz
RC5 Differential input return loss 93.8.2.2 Meets equation constraints M Yes [ ]
RC6 Reference impedance for 93.8.2.2 100 Q M Yes [ ]
differential return loss
measurements
RC7 Differential to common-mode 93.8.2.2 Meets equation constraints M Yes [ ]
return loss
RCS8 Interference tolerance, RS-FEC | 111.8.3.1 Satisfy requirements KR:M Yes [ ]
mode summarized in Table 1114 N/AT]
RC9 Interference tolerance, 111.8.3.1 Satisfy requirements M Yes [ ]
BASE-R FEC and no-FEC summarized in Table 111-5 and
modes Table111-6
RCI10 Jitter tolerance, RS-FEC mode 111.8.3.2 Meets the error requirement KR:M Yes [ ]
specified in Table 1114 for N/AT]
each case listed in Table 111-7
RCl11 Jitter tolerance, BASE-R FEC 1148.3.2 Meets the error requirement M Yes|[ ]
and no-FEC modes specified in Table 111-5 and
Table 111-6 for each case listed
in Table 111-7

111.11.4.4 Channel characteristics

Item Feature Subclause Value/Comment Status Support

CC1 COM when PHY's use no-FEC 111.9 Meet requirements with CHNL:M | Yes|[]
mode or RS-FEC mode with error DER0=10’12 and N/A[]

Correction bypassed b,as=0.35
CE2 AC-coupling 111.9 As specified in 93.9.4 CHNL:M | Yes|[]
N/AT]
CC3 Channel Operating Margin (COM) | 111.9.1 Greater than or equal to CHNL Yes [ ]
3 dB for each test case *KR:M N/AT]
CC4 Channel Operating Margin (COM) | 111.9.2 Greater than or equal to CHNL Yes [ ]
3 dB for each test case *IKR:M N/A[]
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111.11.4.5 Environmental specifications

Item Feature Subclause Value/Comment Status Support

ES1 Environmental specifications 111.10 Conform to applicable M Yes [ ]
requirements of 93.10
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112. Physical Medium Dependent (PMD) sublayer and medium, type
25GBASE-SR

112.1 Overview

This clause specifies the 25GBASE-SR PMD together with the multimode fiber medium. The PMD
sublayer provides a point-to-point 25 Gb/s Ethernet link over a pair of multimode fibers, up to at least
100 m. When forming a complete Physical Layer, a PMD shall be connected to the appropriate PMA as
shown in Table 112—1, to the medium through the MDI and optionally with the management functions that
may be accessible through the management interface defined in Clause 45, or equivalent.

Table 112-1—Physical Layer clauses associated with the 25GBASE-SR PMD

Associated clause 25GBASE-SR
106—RS Requited
106—25GMII? Oftional
107—PCS for 25GBASE-R Required
108—RS-FEC? Required
109—PMA for 25GBASE-R Required
109A—25GAUI C2C Optional
109B—25GAUI C2M Optional
78—Energy Efficient Ethernet Optional

8The 25GMII is an optional Jnterface. However, if the 25GMII is not implemented, a
conforming implementation‘niust behave functionally as though the RS and 25GMII were
present.

The option to bypass the Clause 108 RS-FEC correction function is not supported.

Figure 112—1 shows the-relationship of the PMD and MDI (shown shaded) with other sublayers to the
ISO/IEC Open Systemm Interconnection (OSI) reference model. 25 Gigabit Ethernet is introduced in
Clause 105 andsthespurpose of each PHY sublayer is summarized in 105.2.

25GBASE-SR PHYs with the optional Energy Efficient Ethernet (EEE) fast wake capability may enter the
Low Réwer Idle (LPI) mode to conserve energy during periods of low link utilization (see Clause 78). The
deep-sleep mode of EEE is not supported.

Eurther relevant information may be found in Clause 1 (terminology and conventions, references,
definitions, and abbreviations) and Annex A (Bibliography, referenced as [B1], [B2], etc.).
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LAYERS y MAC CONTROL (OPTIONAL)
APPLICATION / VIAG
/ RECONCILIATION
PRESENTATION /
/7 25GMIl —p
SESSION ;)

25GBASE-R PCS
TRANSPORT | / /
/ RS-FEC

NETWORK / / PMA PHY.

DATALINK |/

PHYSICAL MDI —p

___________ MEDIUM

25GBASE-SR

25GMII = 25 GIGABIT MEDIA INDEPENDENT INTERFACE PHY.= PHYSICAL LAYER DEVICE

LLC = LOGICAL LINK CONTROL PMA’= PHYSICAL MEDIUM ATTACHMENT

MAC = MEDIA ACCESS CONTROL PMD = PHYSICAL MEDIUM DEPENDENT

MDI = MEDIUM DEPENDENT INTERFACE RS-FEC = REED-SOLOMON FORWARD ERROR
PCS = PHYSICAL CODING SUBLAYER CORRECTION

SR = PMD FOR MULTIMODE FIBER

Figure 112-1—25GBASE-SR'PMD relationship to the ISO/IEC Open Systems
Interconnection (OSI) reference model and the IEEE 802.3 Ethernet model

112.1.1 Bit error ratio

The bit error ratio (BER) shall be less than 5 x 107 provided that the error statistics are sufficiently random
that this results in a frame loss ratio (see 1.4.223) of less than 6.2 x 1071 for 64-octet frames with minimum
interpacket gap when-processed according to Clause 108.

If the error statistics are not sufficiently random to meet this requirement, then the BER shall be less than
that required to/give a frame loss ratio of less than 6.2 x 10719 for 64-octet frames with minimum interpacket
gap when\processed according to Clause 108.

112.2 Physical Medium Dependent (PMD) service interface

This subclause specifies the services provided by the 25GBASE-SR PMD. The service interface for this
PMD is described in an abstract manner and does not imply any particular implementation. The PMD
service interface supports the exchange of encoded data between the PMA entity that resides just above the
PMD and the PMD entity. The PMD translates the encoded data to and from signals suitable for the

SpEcCiiicd mediun.
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The PMD service interface is an instance of the inter-sublayer service interface defined in 105.3. The PMD
service interface primitives are summarized as follows:

PMD:IS UNITDATA. request

PMD:IS_UNITDATA.indication
PMD:IS_SIGNAL.indication

In the transmit direction, the PMA continuously sends a bit stream to the PMD, at a nominal signaling rate of
25.78125 GBd. The PMD converts this stream of bits into appropriate signals on the MDI.

In the receive direction, the PMD continuously sends a bit stream to the PMA corresponding to the signdls
received from the MDI, at a nominal signaling rate of 25.78125 GBd.

The SIGNAL DETECT parameter defined in this clause maps to the SIGNAL OK paramheter in the
PMD:IS SIGNAL.indication(SIGNAL OK) inter-sublayer service primitive defined in 105.4.

The SIGNAL _DETECT parameter can take on one of two values: OK or FAIL. Whén,SIGNAL DETECT
=FAIL, the rx_bit parameters are undefined.

NOTE—SIGNAL DETECT = OK does not guarantee that the rx_bit parameters are.kaiown to be good. It is possible for
a poor quality link to provide sufficient light for a SIGNAL DETECT = OK ifdigation and still not meet the BER
defined in 112.1.1.

112.3 Delay constraints

An upper bound to the delay through the PMA and PMD'is required for predictable operation of the MAC
Control PAUSE operation. The sum of the transmit and receive delays at one end of the link contributed by
the 25GBASE-SR PMD including 2 m of fiber inone direction shall be no more than 512 bit times
(1 pause_quantum or 20.48 ns). A description of everall system delay constraints and the definitions for bit
times and pause_quantum can be found in 105.5%and its references.

112.4 PMD MDIO function mapping

The optional MDIO capability described in Clause 45 defines several variables that may provide control and
status information for and about'the PMD. If the MDIO interface is implemented, the mapping of MDIO
control variables to PMD éontrol variables shall be as shown in Table 1122 and the mapping of MDIO
status variables to PMI) status variables shall be as shown in Table 112-3.

Table 112-2—MDIO/PMD control variable mapping

MBIO/control variable PMA/PMD register name Rflgul;:;re/ll.m PMD control variable
Réset PMA/PMD control 1 register 1.0.15 PMD_reset
Global PMD transmit disable | PMD transmit disable register | 1.9.0 PMD_global_transmit_disable
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