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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in“the work.
In the field of information technology, ISO and IEC have established a joint technical ‘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(“THe 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 promete 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«to~national 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.7 was prepared by the LAN/MAN of the IEEE Computer Society (as
IEEE STD 802.3bz-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 1ISO and IEEE. IEEE is
responsible for the maintenance of this document with participation and input from ISO/IEC national
bodies:

© IEEE 2016 - All rights reserved
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Abstract: Ethernet Media Access Control (MAC) parameters, Physical Layer specifications, and
management objects for the transfer of Ethernet format frames at 2.5 Gb/s and 5 Gb/s over
balanced twisted-pair transmission media used in structured cabling are defined in this amendment
to IEEE Std 802.3-2015.

Keywords: 2.5G/5GBASE-T, amendment, Auto-Negotiation, Ethernet, IEEE 802.3™, I|IEEE

802.3bz™, Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA) sublayer,
structured cabling, XGMII

The Institdté of Electrical and Electronics Engineers, Inc.
3 Park‘Avenue, New York, NY 10016-5997, USA

Copyright © 2016 by The Institute of Electrical and Electronics Engineers, Inc.
All'rights reserved. Published 18 October 2016. Printed in the United States of America.

IEEE and 802 are registered trademarks in the U.S. Patent & Trademark Office, owned by The Institute of
Electrical and Electronics Engineers, Incorporated.

Print: ISBN 978-1-5044-2370-0 STD21142
PDF: ISBN 978-1-5044-2371-7 STDPD21142

|EEE prohibits discrimination, harassment, and bullying.
For more information, visit http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html.

No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the prior written permission
of the publisher.

© IEEE 2016 - All rights reserved



http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
https://standardsiso.com/api/?name=4b0368f51f6bc9bfa93dbc28b7f382c1

ISO/IEC/IEEE 8802-3:2017 /Amd.7:2017(E)

Important Notices and Disclaimers Concerning IEEE Standards Documents

|EEE documents are made available for use subject to important notices and legal disclaimers. These notices
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“Important Notice” or “Important Notices and Disclaimers Concerning |EEE Standards Documents.”

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

|EEE Standards documents (standards, recommended practices, and guides), both full-use and trid-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the |EEE 'Standards
Association (“IEEE-SA”) Standards Board. |EEE (“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 achiéve-the final product.
Volunteers are not necessarily members of the Institute and participate without,cempensation from |EEE.
While |EEE administers the process and establishes rules to promote fairnessih theé consensus devel opment
process, |EEE does not independently evaluate, test, or verify the accuracy- afsany of the information or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of theymaterial contained in its standards, and
expresdy disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limitedto, the warranties of: merchantability; fitness
for aparticular purpose; non-infringement; and quality,‘accuracy, effectiveness, currency, or compl eteness of
material. In addition, IEEE disclaims any and all.conditions relating to: results; and workmanlike effort.
|EEE standards documents are supplied “AS 1S, and “WITH ALL FAULTS.”

Use of an |IEEE standard is wholly voluntary. The existence of an |EEE 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 |EEE standard. Furthermore, 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 ontbehalf of, any person or entity nor is |EEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any |EEE Standards document, should rely upon his
or her owmindependent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of agiven |IEEE
standland.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,

-

WHETHER N—CONTRACT, —STRICTHABHTTY,OR—TORT (HNCEUDING NEGHTGENCEOR
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 |EEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manua 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 educationa 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 rather 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, |EEE does not provide censulting information or advice
pertaining to |EEE Standards documents. Suggestions for changes in‘decuments should be in the form of a
proposed change of text, together with appropriate supporting comments. Since |EEE standards represent a
consensus of concerned interests, it isimportant that any responses’to comments and questions also receive
the concurrence of a balance of interests. For this reason|EEE 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, |EEE 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 | EEE working group.

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

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

Laws and regulations

Users of |EEE 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
reguirements.. 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 campliance 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 reference, in laws and regulations, and use In private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.
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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 aso 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 @ any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

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

In order to determine whether a given document is the current¢edition and whether it has been amended
through the issuance of amendments, corrigenda, or erratay visit the IEEE-SA Website at http://
standards.ieee.org or contact |EEE at the address listed previéusly. 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/indexchtml. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is caled te the possibility that implementation of this standard may require use of subject matter
covered by patentyights. By publication of this standard, no position is taken by the | EEE with respect to the
existence or validity 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 |EEE-
SA Website at http://standards.ieee.org/about/sash/patcom/patents.html. Letters of Assurance may indicate
whether*the Submitter is willing or unwilling to grant licenses under patent rights without compensation or
under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or

conditions provided In connection with submission of a Letter of Assurance, IT 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, isentirely their
own responsibility. Further information may be obtained from the | EEE Standards A ssociation.
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Introduction

Thisintroduction is not part of IEEE Std 802.3bz-2016, | EEE Standard for Ethernet—Amendment 7: Media Access
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2.5GBASE-T and 5GBASE-T.

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

The half duplex Media Access Control (MAC) protocol specified in IEEE Std 802.3-1985 is Carfier Sense
Multiple Access with Collision Detection (CSMA/CD). This MAC protocol was key to the-expérimental
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 Corporatiofn{DEC), Intel and
Xerox in 1980. Ethernet at 10 Mb/swas approved as an |EEE standard by the | EEE Standards Board in 1983
and subsequently published in 1985 as |IEEE Std 802.3-1985. Since 1985, new media options, new speeds of
operation, and new capabilities have been added to IEEE Std 802.3. A full dupleéx’MAC protocol was added
in 1997.

Some of the major additions to |EEE Std 802.3 are identified in the marketplace with their project number.
This is most common for projects adding higher speeds of operatignor new protocols. For example, IEEE
Std 802.3u™ added 100 Mb/s operation (also called Fast Ethernet);JEEE Std 802.3z added 1000 Mb/s oper-
ation (also called Gigabit Ethernet), IEEE Std 802.3ae addéd 10 Gh/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 Gh/s operation (also called40 Gigabit Ethernet) and 100 Gb/s operation (also
called 100 Gigabit Ethernet). These magjor additiéns‘are al 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 802.3bz-2016 publication, IEEE Std 802.3 is composed of the following documents:

|EEE Stid 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-s=Includes Clause 21 through Clause 33 and Annex 22A through Annex 33E. Section
Two includes'management attributes for multiple protocols and speed of operation aswell as specifica-
tions far 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 specifica-
tions.

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

Specifications.

Section Five—Includes Clause 56 through Clause 77 and Annex 57A through Annex 76A. Clause 56
through Clause 67 and Clause 75 through Clause 77, as well as associated annexes, specify subscriber
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access and other Physical Layers and sublayers for operation from 512 kb/s to 10 Gb/s, and defines ser-
vices and protocol elements that enable the exchange of IEEE Std 802.3 format frames between sta-
tions 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 back-

planes 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 includes general information on 40 Gb/s and 100 Gb/s opef=
ation aswell the 40 Gb/s and 100 Gh/s Physical Layer specifications. Clause 90 specifies Ethernet sup-
port for time synchronization protocols.

|EEE Std 802.3bw-2015

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

|EEE Std 802.3by-2016

Amendment 2—This amendment includes changes to IEEE Std“802.3-2015 and adds Clause 105
through Clause 112, Annex 109A, Annex 109B, 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 Gh/s.

|EEE Std 802.3bg-2016

Amendment 3—This amendment includes changes to IEEE Std 802.3-2015 and adds Clause 113 and
Annex 113A. This amendment adds new_Physical Layers for 25 Gb/s and 40 Gb/s operation over bal-
anced twisted-pair structured cabling.systems.

|EEE Std 802.3bp-2016

Amendment 4—This amendment includes changes to |IEEE Std 802.3-2015 and adds Clause 97 and
Clause 98. This amendment adds point-to-point 1 Gb/s Physical Layer (PHY) specifications and man-
agement parameters'for operation on a single balanced twisted-pair copper cable in automotive and
other applications het utilizing the structured wiring plant.

|EEE Std 802.3br52016
Amendment 5—This amendment includes changes to |EEE Std 802.3-2015 and adds Clause 99. This
amendment adds aMAC Merge sublayer and aMAC Merge Service Interface to support for Interspers-
iNg Express Traffic over asingle link.

[EEE Std 802.3bn-2016
Amendment 6—This amendment adds the Physical Layer specifications and management parameters

for symmetric and/or asymmetric operation of up to 10 Gb/s on point-to-multipoint Radio Frequency
(RF) distribution plants comprising either amplified or passive coaxial media. It also extends the opera-

tion of Ethernet Passive Optical Networks (EPON) protocols, such as Multipoint Control Protocol
(MPCP) and Operation Administration and Management (OAM).
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This amendment includes changes to |IEEE Std 802.3-2015 and adds Clause 125 and Clause 126. This
amendment adds new rates of 2.5 Gb/s and 5 Gb/s and new Physical Layers for operation at 2.5 Gh/s

and 5 Gb/s over balanced twisted-pair structured cabling systems.

A companion document | EEE Std 802.3.1 describes Ethernet management information base (M1B) modules
for use with the Simple Network Management Protocol (SNMP). IEEE Std 802.3.1 is updated to add man-
agement capability for enhancements to |EEE 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 7. Media Access Control Parameters,
Physical Layers, and Management Parameters for
2.5 Gb/s and 5 Gb/s Operation

IMPORTANT NOTICE: |EEE Standards documents are not intended to ensute’safety, health, or envi-
ronmental protection, or ensure against interference with or from other devi€es or networks. | mplement-
ers 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 |EEE document is made available for use subject to important 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 Noticescand Disclaimers Concerning |EEE Documents.”
They can also be obtained on request from |EEE or ‘Viewed at http://standards.ieee.org/| PR/disclaim-
ers.html.

NOTE—The editing instructions contai ned ithis amendment define how to merge the material contained
therein into the existing base standard and its amendments to form the comprehensive standard.

The editing instructions are shown.ir-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 strikethredgh (to remove old mate-
rial) and underscore (to add'new material). Delete removes existing material. | nsert adds new material with-
out disturbing the existing material. Deletions and insertions may reguire renumbering. If so, renumbering
instructions are given in the editing instruction. Replace is used to make changes in figures or equations by
removing the existing figure or equation and replacing it with a new one. Editing instructions, change mark-
ings, and thisNOTE will not be carried over into future editions because the changes will be incorporated
into the base standard.

Crossreferences that refer to clauses, tables, equations, or figures not covered by this amendment are high-
lighted in green.

INotesin text, tables, and figures are given for information only and do not contain reguirements 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
Changeitemf) XGMII asfollows:

f) 10 Gigabit Media Independent Interface (XGMII). The XGMII is designed to connect a 2.5 Gbl/s,
5 Gb/s, or 10 Gb/s capable MAC to a16-GhisPHY of the samerate. While conformance with imple-
mentation of thisinterface is not necessary to ensure communication, it allows maximum flexibility
inintermixing PHYsand DTEs at 2.5 Gb/s, 5 Gb/s, and 10 Gb/s speeds. The XGMM isintended for
use as a chip-to-chip interface. No mechanical connector is specified for use with\the XGMII. The
XGMI|I isoptional.

1.3 Normative references
Insert the following reference in alphanumeric order:

TIA TSB-5021, Guidelines for the Assessment and Mitigation of installed Cabling to Support 2.5GBASE-T
and 5GBASE-T.

1.4 Definitions

Insert the definitionsfor 2.5GBASE-T after the definition for 1.4.64 10/10G-EPON and before the defini-
tion for 25GBASE, inserted by | EEE Sd 802.3by-2016:

1.4.64aa 2.5GBASE-T: |IEEE 802.3 Physical Layer specification for a 2.5 Gb/s LAN using four pairs of
Category 5e/Class D balanced copper cabling. (See |IEEE Std 802.3, Clause 126.)

Insert the definitions for 5GBASE-T after the definition for 1.4.72a 40GBASE- T, inserted by |EEE Sd
802.3bg-2016:

1.4.72b 5GBASE-T: [EEE 802.3 Physical Layer specification for a 5 Gb/s LAN using four pairs of
Category 5e/Class D _balanced copper cabling. (See IEEE Std 802.3, Clause 126.)

Change the definition for 10 Gigabit Media I ndependent I nterface (XGMI1) asfollows:
1.4.76 10, Gigabit Media Independent Interface (XGMI1): The interface between the Reconciliation

Sublayer (RS) and the Physical Coding Sublayer (PCS) for 2.5 Gb/s, 5 Gb/s, and 10 Gb/s operation. (See
|EEE Std 802.3, Clause 46.)

Insert a new definition for Category 5e balanced cabling, after Category 5 balanced cabling as follows:

1.4.127a Category 5e balanced cabling: Balanced 100 Q cables and associated connecting hardware
whose transmission characteristics are specified up to 100 MHz per 1SO/IEC 11801:2002 and ANSI/TIA-
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Change the definition for Category 6 balanced cabling, as follows:

1.4.128 Category 6 balanced cabling: Balanced 100 Q cables and associated connecting hardware whose
transmission characteristics are specified up to 250 MHz per ISO/IEC 11801:2002 and ANSI/TIA-568-C.2-

A

2009. (See IEEE Std 802.3, Clause 14, Clause 25, Clause 40, Clause 55, Clause 33, and Clause 126.) {e5

Change the definition for Category 6A balanced cabling, as follows:

1.4.129 Category 6A balanced cabling: Balanced 100 Q cables and associated connectinghardware whose
transmission characteristics are specified up to 500 MHz (i.e., cabling components megt the performance
specified in ISO/IEC 11801:2002 Amendment 2 and ANSI/TIA-568-C.2). In additioh,to the requirements
outlined in ISO/IEC 11801:2002 Amendment 2 and ANSI/TIA-568-C.2, |EEE 802:3 Clause 14, Clause 23,
Clause 25, Clause 40, ang-Clause 55, and Clause 126 specify additional requiremients for this cabling when
used with 10BASE-T, 100BASE-T, 2.5GBASE-T, 5GBASE-T, and 10GBA SE-T.

Change the definition for Category 7 balanced cabling, as follows:

1.4.130 Category 7 balanced cabling: Balanced 100 Q cables.and associated connecting hardware whose
transmission characteristics are specified up to 600 MHz (i &5, cabling components meet the performance
specified in ISO/IEC 11801:2002). In addition to the/requirements outlined in 1SO/IEC 11801:2002,
IEEE 802.3 Clause 14, Clause 23, Clause 25, Clause 40, ard-Clause 55, and Clause 126 specify additional
requirements for this cabling when used with 10BASE-T, 100BASE-T, 2.5GBASE-T, 5GBASE-T, and
10GBASE-T.

Change the definition for Category 7A balanced cabling, as follows:

1.4.131 Category 7A balanced cabling:*Balanced 100 Q cables and associated connecting hardware whose
transmission characteristics are specified up to 1000 MHz (i.e., cabling components meet the performance
specified in 1SO/IEC 11801:2002 Amendment 2). In addition to the requirements outlined in 1SO/IEC
11801:2002 Amendment 2,°EEE 802.3 Clause 14, Clause 23, Clause 25, Clause 40, and-Clause 55, and
Clause 126 specify additional requirements for this cabling when used with 10BASE-T, 100BASE-T,
2.5GBASE-T, 5GBASE-T, and 10GBASE-T.

Change the definition for Category 8 balanced cabling (as inserted by IEEE Sd 802.3bg-2016) as
follows:

1.4.13%a-Category 8 balanced cabling: Balanced 100 Q cables and associated connecting hardware whose
transmission characteristics are specified up to 2000 MHz (i.e., cabling components that meet the Category
81 or Category 8.2 requirements specified in 1SO/IEC 11801-1 or Category 8 specified in ANSI/TIA-568-
€.2-1). In addition to the requirements outlined in ISO/IEC 11801-1 and ANSI/TIA-568-C.2-1, |IEEE Std
802.3 Clause 14, Clause 23, Clause 25, Clause 40, Clause 55, ane-Clause 113, and Clause 126 specify addi-
tional requirements for this cabling when used with 10BASE-T, 200BASE-F100BASE-T4, 100BASE-TX,
1000BASE-T, 2.5GBASE-T, 5GBASE-T, 10GBASE-T, 25GBASE-T, and 40GBASE-T.

—___Changethedefmition for imfofiefd(as mserted by tEEE Stt802-3b0-2016) a5 fottows:

1.4.237a Infofield: A sixteen octet frame transmitted at regular intervals containing messages for startup
operation by certain PHY's. (See |EEE Std 802.3, Clause 55, ang-Clause 113, and Clause 126.)
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Change the definition for MultiGBASE-T (asinserted by | EEE Std 802.3bg-2016) as follows:

1.4.277a MultiGBASE-T: PHY s that belong to the set of specific BASE-T Ethernet PHY's at speeds in
excess of 1000 Mb/s, including 2.5GBASE-T, 5GBASE-T, 10GBASE-T, 25GBASE-T, and 40GBASE-T.

[See IEEE Std 802.3, Clause 126 (for both 2.5GBASE-T and 5GGBASE-T). Clause 55 (10GBASE-T), and
Clause 113 (for both 25GBASE-T and 40GBASE-T).]

1.5 Abbreviations
I nsert the following new abbreviation into the abbreviations list, in alphanumeric order:

ALSNR alien limited signal-to-noise ratio
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4. Media Access Control

4.4 Specific implementations

4.4.2 MAC parameters

Change Table 4-2 asfollows, inserting a new column between 1 Gb/s and 10 Gh/s, and deleting rightmost
column (25 Gb/s, 40Gb/s, and 100 Gb/s) (as modified by | EEE Std 802.3by-2016):

Table 4-2—MAC parameters

MAC datarate
Parameters Uptoand 2.5 Gbl/s, 5 Gbls 25-Ghis-
including 1Gb/s 25 Gb/s, 40 Gbls, 10 Gbh/s 40-Ghisand-
100 Mb/s and 100 Gb/s 100-Gbfs
slotTime 512 bit times 4096 bit times not applicable not‘applicable not-apphieable
interPacketGap? 96 bits 96 bits 96 bits 96 bits 96-hbits
attemptLimit 16 16 not applicable not applicable net-appheable
backoffLimit 10 10 not applicable not applicable netapphedble
jamSize 32 hits 32 hits not-applicable not applicable netappheable
maxBasicFrameSize 1518 octets 1518 octets 1518 octets 1518 octets 1518-ectets
gaxEnveI opeFrame- 2000 octets 2000 octets 2000 octets 2000 octets 2000-e¢tets
ze
minFrameSize 512 bits 512 bits 512 hits 512 bits 512 bits
(64 octets) (64 octets) (64 octets) (64 octets) {64-octets)
burstLimit not applicable 65 536 bits not applicable not applicable netapphieable
ipgStretchRatio not applicable not applicable not applicable 104 bits net-appheable

3References to interFrameGaplor interFrameSpacing in other clauses (e.g., Clause 13, Clause 35, and Clause 42) shall be
interpreted as interPacketGap.

Change NOTE 4 (as modified by | EEE Std 802.3by-2016) as follows:

NOTE 4—For 2.5 Gb/s, 5 Gb/s, 10 Gbh/s, and 25 Gb/s operation, the spacing between two packets, from the last bit of
theRCSfield of thefirst packet to the first bit of the Preamble of the second packet, can have a minimum value of 40 BT
(hit\times), as measured at the XGMII or 25GMI 1 receive signals at the DTE. This interpacket gap shrinkage may be
caused by variable network delays and clock tolerances.
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28. Physical Layer link signaling for Auto-Negotiation on twisted pair

28.3 State diagrams and variable definitions

28.3.1 State diagram variables

Insert new rows for 2p5GigT and 5GigT in thefirst list in 28.3.1 (as modified by | EEE Std 802.3bg-2016)
abovetherow for 10GigT as follows:

2p5GigT; represents that the 2.5GBASE-T PMA isthe signal source.

5GigT; represents that the 5SGBASE-T PMA isthe signal source.
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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 entriesin " APPROPRIATE SYNTAX" after 1000BASE-T1 (inserted by |EEE
Std 802.3bp-2016):
2.5GBASE-T Clause 126 2.5 Gb/s PAM 16
5GBASE-T Clause 126 5 Gb/s PAM 16
30.3.2.1.3 aPhyTypelList
Insert the following new entriesin " APPROPRIATE SYNTAX" after, I0Q0OBASE-T1 (inserted by |IEEE

Sd 802.3bp-2016):

2.5GBASE-T Clause 126 2.5 Gb/s PAM16
5GBASE-T Clause 126 5 Gb/s PAM 16

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 eptries in " APPROPRIATE SYNTAX" after 1000BASE-T1 (inserted by |EEE
Std 802.3bp-2016):

2.5GBASE-T Four-pair twisted-pair balanced copper cabling PHY as specified in
Clause 126

5GBASE-T Four-pair twisted-pair balanced copper cabling PHY as specified in
Clause 126

30:5.1.1.4 aMediaAvailable

Change the eighth paragraph of 30.5.1.1.4 (as modified by IEEE Sd 802.3by-2016 and |IEEE Sd
802.3bg-2016) as follows:

= Lo W =il Y "V} | =l "V} LN aWal™V) 2L Ob/a P % | ¢ Y PO £ L+ rakl HEA o
TUlN .Y Vio, J VUlo, LU UV, AU o9 UUlo T THUNTICT AATUTIS TTHAY TU VArutT UT TG TITIR__TAUTT VA TADTC VWILTITT

the Link Fault Signaling state diagram (Figure 46—11) as follows:. the values OK and Link Interruption map
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”.
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30.5.1.1.24 aL DFastRetrainCount

Change 30.5.1.1.24 alLDFastRetrainCount (as modified by IEEE Sd 802.3bg-2016) to include
2.5GBASE-T and 5GBASE-T [as part of the Energy-Efficient Ethernet package (optional)] as follows:

ATTRIBUTE

APPROPRIATE SYNTAX:

Generalized nonresettable counter. This counter has amaximum increment rate of 1000 counts per
second

BEHAVIOUR DEFINED AS:
A count of thenumber of fast retrainsinitiated by thelocal device. The counter can be derived from
fr_tx_counter (see 55.4.5.4,-and 113.4.5.4, and 126.4.5.4). If a Clause 45 MDIO Interfaceito the
PMA/PMD is present, then this attribute can be derived from the LD fast retrain count.fegister (see
45.2.1.79.2),;

30.5.1.1.25 aLPFastRetrainCount

Change 30.5.1.1.25 alLPFastRetrainCount (as modified by IEEE Std- 802.3bg-2016) to include
2.5GBASE-T and 5GBASE-T [as part of the Energy-Efficient Ethernet package (optional)] as follows:

ATTRIBUTE

APPROPRIATE SYNTAX:

Generalized nonresettable counter. This counter hasa maximum increment rate of 1000 counts per
second

BEHAVIOUR DEFINED AS:
A count of the number of fast retrainsinitiated by thelink partner. The counter can be derived from
fr_rx_counter (see 55.4.5.4,-and 113.4.54; and 126.4.5.4). If a Clause 45 MDIO Interfaceto the
PMA/PMD is present, then this attribute can be derived from the L P fast retrain count register (see
45.2.1.79.1),;

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 aAuteNegLocalTechnologyAbility

Insert the follewing new entriesin " APPROPRIATE SYNTAX" after 1000BASE-T1 (inserted by IEEE
Std 802-3bp/2016):

2.5GBASE-T 2.5GBASE-T PHY as specified in Clause 126
5GBASE-T 5GBASE-T PHY as specified in Clause 126
28
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45. Management Data Input/Output (MDIO) Interface

45.1 Overview

Change third paragraph of 45.1 asfollows:
This extension to the MDIO interface is applicabl e to the following:

— Implementations that operate at speeds of 2.510 Gb/s and above.

45.2 MDIO Interface Registers
45.2.1 PMA/PMD registers

Insert rowsfor 1.20 and 1.21 and change the reserved row for 1.20 through 1.29 in Table 45-3, (as modi-
fied by IEEE Std 802.3by-2016) as follows (unchanged rows not shown):

Table 45-3—PMA/PMD registers

Register address Register name Subclause
1.20 Reserved
1.21 2.5G/5G PMA/PMD extended abitity 45.2.1.14c
1.2622 through 1.29 Reserved

45.2.1.1 PMA/PMD control 1 register (Register 1.0)

Change Table 454 (as modified by | EEE.&d"802.3by-2016) as follows (unchanged rows not shown):

Table 45-4—PMA/PMD control 1 register bit definitions

Bit Name Description R/W
1.05:2 Speed selection 5432 R/W
1x x X = Reserved
S+ =Reserved
0111=5Gb/s

0110=25Gb/s
0101 = Reserved
0100=25Gb/s
0011=100 Gb/s
0010=40Gb/s
0001=10PASS-TS2BASE-TL
0000=10Gb/s
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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 45.2.1.1.3 (as modified by |EEE Std 802.3by-2016) as
follows:

When bits 5 through 2 are set to 0010 the use of 240G PMA/PMD is selected; when set to 0011 the use of a
100G PMA/PMD is selected; when set to 0100 the use of a25G PMA/PMD is selected; when set to 0110 the
use of a2.5G PMA/PMD is selected; when set to 0111 the use of a5G PMA/PMD is selected.

45.2.1.4 PMA/PMD speed ability (Register 1.4)

Change the Reserved row for 1.4.15:12 in Table 45-6 (as modified by | EEE Std 802.3by-2016) and.insert
rowsfor 1.4.14, 1.4.13, and 1.4.12 as follows (unchanged rows not shown):

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

Bit(s) Name Description R/W2
141522 | Reserved for future speeds | Value aways0 RO
14.14 5G capable 1=PMA/PMD is capable of opératirig at 5 Gb/s RO

0=PMA/PMD is not capable'of\Operating as 5 Gb/s
1.4.13 2.5G le 1=PMA/PMD is capableof operating at 2.5 Gb/s RO
0=PMA/PMD is nottc le of operating as 2.5 Gb/s
14.12 Reserved for future speeds | Value aways 0 RO
3RO = Read only

Insert 45.2.1.4.aa and 45.2.1.4.ab before 45.2/1.4.a (inserted by | EEE Std 802.3by-2016) as follows:
45.2.1.4.aa 5G capable (1.4.14)

When read as aone, bit 1.4.14 indicates that the PMA/PMD is able to operate at a data rate of 5 Gb/s. When
read as a zero, bit 1.4.14 indicatés that the PMA/PMD is not able to operate at a data rate of 5 Gh/s.

45.2.1.4.ab 2.5G capable (1.4.13)

When read as a.0ne, bit 1.4.13 indicates that the PMA/PMD is able to operate at a data rate of 2.5 Gh/s.
When read as-a'zero, bit 1.4.13 indicates that the PMA/PMD is not able to operate at a data rate of 2.5 Gh/s.
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45.2.1.6 PMA/PMD control 2 register (Register 1.7)

Change the description for bit 1.7.5:0 in Table 457 (as modified by |EEE Std 802.3bw-2015, |IEEE Sd
802.3bp-2016, | EEE Sd 802.3by-2016, and | EEE Std 802.3bg-2016) as follows and adjust reserved rows

as appropriate (unchanged rows not shown):

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

Bit(s) Name Description R/W?2

1750 PMA/PMD type selection | 543210 R/W
110001=5GBASE-T PMA
110000=25GBASE-T PMA

8RIW = Read/Write, RO = Read only

45.2.1.7 PMA/PMD status 2 register (Register 1.8)
45.2.1.7.4 Transmit fault (1.8.11)

Insert description location for 2.5GBASE-T and 5GBASE-T befere the row for 10GBASE-KR in
Table 45-9 as follows (unchanged rows not shown):

Table 45-9—Transmit faultdescription location

PMA/PMD Description location

2.5GBASE-T, 5GBASE-T 126.4.2.2

45.2.1.7.5 Receive fault (1.8.10)

Insert description location, for- 2.5GBASE-T and 5GBASE-T above the row for 10GBASE-KR in
Table 45-10 as follows (un€hanged rows not shown):

Table 45-10—Receive fault description location

PMA/PMD Description location

2.5GBASE-T, 5GBASE-T 126.4.2.4
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45.2.1.8 PMD transmit disable register (Register 1.9)

Insert description location for 2.5GBASE-T and 5GBASE-T after the row for 10GBASE-KR in
Table 45-12 as follows (unchanged rows not shown):

Table 45-12—Transmit disable description location

PMA/PMD Description location

2.5GBASE-T and 5GBASE-T 126.4.2.3

45.2.1.10 PMA/PMD extended ability register (Register 1.11)

Change the Reserved row for 1.11.15:13 in Table 45-14 (as modified by |[EEE Sd1802.3by-2016) and
insert rows for 1.11.14 and 1.11.13 as follows (unchanged rows not shown):

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

Bit(s) Name Descrjption R/wW2
11115383 | Reserved Value aways zero RO
1.11.14 2.5G/5G extended abilities 1=PMA/PMD.has 2.5G/5G extended abilitieslistedin | RO

register 1.21
0=PMA/PMD does not have 2.5G/5G extended
abilities
1.11.13 Reserved Va beaways zero RO

8RO = Read only

Insert 45.2.1.10.aaa before 45.2.1.40.aa (as inserted by | EEE Std 802.3by-2016) as follows:
45.2.1.10.aaa 2.5G/5G extended abilities (1.11.14)

When read as a one, bit’1.11.14 indicates that the PMA/PMD has 2.5G/5G extended abilities listed in
register 1.21. When'read as a zero, bit 1.11.14 indicates that the PMA/PMD does not have 2.5G/5G extended
abilities.

Insert 452.1.14c after 45.2.1.14b (asinserted by | EEE Std 802.3by-2016) as follows:

45,21 14c 2.5G/5G PMA/PMD extended ability register (Register 1.21)

The assignment of bitsin the 2.5G/5G PMA/PMD extended ability register is shown in Table 45-17c. All of
the bitsin the PMA/PMD extended ability register are read only; awrite to the PMA/PMD extended ability
register shall have no effect.

45.2.1.14c.1 5GBASE-T ability (1.21.1)

When read as a one, bit 1.21.1 indicates that the PMA/PMD is able to operate as a 5SGBASE-T PMA type.
When read as a zero, bit 1.21.1 indicates that the PMA is not able to operate as a 5GBASE-T PMA type.
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Table 45-17¢c—2.5G/5G PMA/PMD extended ability register bit definitions

Bit Name Description R/W2
1.21.15:2 | Reserved Value aways0 RO
1211 5GBASE-T ability 1=PMA/PMD isableto perform 5GBASE-T RO

0=PMA/PMD is not able to perform 5GBASE-T

1.21.0 2.5GBASE-T ability 1=PMA/PMD is ableto perform 2.5GBASE-T RO
0=PMA/PMD is not able to perform 2.5GBASE-T

8RO = Read only

45.2.1.14c.2 2.5GBASE-T ability (1.21.0)

When read as a one, bit 1.21.0 indicates that the PMA/PMD is able to operate as a 2.5GBASE-T PMA type.
When read as a zero, hit 1.21.0 indicates that the PMA/PMD is not able to operate as@2.5GBASE-T PMA

type.
45.2.1.62 MultiGBASE-T status (Register 1.129)
45.2.1.62.1 LP information valid (1.129.0)

Change the text of 45.2.1.62.1 (as modified by |EEE Std 802,3tG-2016) to add references 2.5G/5GBASE-
T asfollows:

When read as a one, bit 1.129.0 indicates that the startup)protocol defined in 55.4.2.5 (for 10GBASE-T),er
113.4.2.5 (for 25G/40GBASE-T), or 126.4.2.5 (for'2.5G/SGBASE-T) has been completed, and that the
contents of bits 1.130.11:0, 1.131.15:10, 1.145.14:8,1.146.14:8, and 1.146.6:0, which are established during
the startup protocol, are valid. When read as a zero, bit 1.129.0 indicates that the startup process has not been
completed, and that the contents of these bifS:that are established during the startup protocol are invalid. A
PMA inthe MultiGBASE-T set shall returnavalue of zeroin bit 1.129.1 if PMA link_status=FAIL.

45.2.1.64 MultiGBASE-T TX power backoff and PHY short reach setting (Register 1.131)
45.2.1.64.1 MultiGBASE-T-TX power backoff settings (1.131.15:10)

Change the text of 45.2:1.64.1 (as modified by IEEE Std 802.3bg-2016) to reference 2.5GBASE-T and
5GBASE-T asfollows:

The MultiGBASE-T TX power backoff settings reflects the TX power backoff selected during the startup
negotiatian process. The 10GBASE-T startup negotiation process and all TX power backoff settings are
defined-in 55.4.2.5 and 55.4.5.1. The 25GBASE-T and 40GBASE-T startup negotiation process and all TX
power)backoff settings are defined in 113.4.2.5 and 113.4.5.1. For 2.5GBASE-T and 5GBASE-T, startup
negotiation process and all TX power backoff settings are defined in 126.4.2.5 and 126.4.5.1. If LPinforma-
tion valid bit, 1.129.0, is set to one then bits 1.131.15:13 indicates the TX power backoff setting of the link
partner and bits 1.131.12:10 indicates the TX power backoff setting of the local device.
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45.2.1.65 MultiGBASE-T test mode register (Register 1.132)

45.2.1.65.1 Test mode control (1.132.15:13)

Change text of 45.2.1.65.1 (as modified by IEEE Sd 802.3bg-2016) to include references to
2.5G/5GBASE-T and Clause 126 as follows:

Transmitter test mode operations defined by bits 1.132.15:13, are described for 10GBASE-T in 55.5.2 and
Table 55-12, for 2.5G/5GBASE-T in 126.5.2 and Table 126-13, and for 25G/40GBASE-T in 113.5.2 and
Table 113-17. The default value for bits 1.132.15:13 is zero.

45.2.1.65.2 Transmitter test frequencies (1.132.12:10)

Change text of 45.2.1.65.2 (as modified by IEEE Sd 802.3bg-2016) to include references to
2.5G/5GBASE-T and Clause 126 asfollows:

When test mode 4 is selected by setting bits 1.132.15:13 to one, zero, zero respectively, bits 1.132.12:10
select the transmit test frequency as follows in Table 45-57. Detailed use and opefation of these transmitter
test frequenciesis described in 55.5.2, are-113.5.2, and 126.5.2.

45.2.1.74 RX signal power channel A register (Register 1.141)

Change the text of 45.2.1.74 (as modified by | EEE Std 802.3bg-2016) to add reference to 2.5G/5GBASE-
T specifications as follows:

The RX signal power channel A register is read only and.Contains the receive signal power measured at the
MDI during training as described in 55.4.3.1,-anrd 118.43.1, and 126.4.6.1. The RX signal power should
reflect the power measured when the device transitions out of the state PMA_Training_Init M or
MA_Training_Init_S (as appropriate, see 55.4.6.1,<and 113.4.6.1, and 126.4.6.1), when the link partner is
transmitting with PBO_tx = 4 (8 dB power backoff). It isreported in units of 0.1 dB to an accuracy of 0.5 dB
within the range of —20 dBm to 5.5 dBm. Tthe-number isin offset two’s complement notation, with 0.0 dB
represented by 0x8000. Implementation of this register is optional.

45.2.1.75 RX signal power channel B register (Register 1.142)

Change the text of 45.2.1.75.(as modified by | EEE Std 802.3bg-2016) to add reference to 2.5G/5GBASE-
T specifications as foll ows:

The RX signal power channel B register isread only and contains the receive signal power measured at the
MDI during training as described in 55.4.3.1,-and 113.4.3.1, and 126.4.6.1. The RX signa power should
reflect the power measured when the device transitions out of the state PMA_Training_Init M or
MA_Training Init_S (as appropriate, see 55.4.6.1,-and 113.4.6.1, and 126.4.6.1), when the link partner is
transmitting with PBO_tx = 4 (8 dB power backoff). It isreported in units of 0.1 dB to an accuracy of 0.5 dB
withinsthe range of —20 dBm to 5.5 dBm. The number is in offset two’s complement notation, with 0.0 dB
represented by 0x8000. Implementation of this register is optional.

45.2.1.76 RX signal power channel C register (Register 1.143)

Change the text of 45.2.1.76 (as modified by | EEE Std 802.3bg-2016) to add reference to 2.5G/5GBASE-
T specifications as follows:

The RX signal power channel C register isread only and contains the receive signal power measured at the
MDI during training as described in 55.4.3.1,-and 113.4.3.1, and 126.4.6.1. The RX signal power should
reflect the power measured when the device transitions out of the state PMA_Training_Init M or
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MA_Training_Init_S (as appropriate, see 55.4.6.1,-and 113.4.6.1, and 126.4.6.1), when the link partner is
transmitting with PBO_tx = 4 (8 dB power backoff). It isreported in units of 0.1 dB to an accuracy of 0.5 dB
within the range of —20 dBm to 5.5 dBm. The number is in offset two's complement notation, with 0.0 dB
represented by 0x8000. Implementation of this register is optional.

45.2.1.77 RX signal power channel D register (Register 1.144)

Change the text of 45.2.1.77 (as modified by | EEE Sd 802.3bg-2016) to add reference to 2.5G/5GBASE-
T specifications as follows:

The RX signal power channel D register is read only and contains the receive signal power measured at\the
MDI during training as described in 55.4.3.1,-and 113.4.3.1, and 126.4.6.1. The RX signal powerrsheuld
reflect the power measured when the device transitions out of the state PMA_Training-Anit M or
MA_Training_Init_S (as appropriate, see 55.4.3.1,-and 113.4.6.1, and 126.4.6.1), when the }ink ‘partner is
transmitting with PBO_tx = 4 (8 dB power backoff). It is reported in units of 0.1 dB to an ageuracy of 0.5 dB
within the range of —20 dBm to 5.5 dBm. The number isin offset two’s complement notation, with 0.0 dB
represented by 0x8000. Implementation of this register is optional.

45.2.1.78 MultiGBASE-T skew delay register (Registers 1.145 and 1.146)

Change the text of 45.2.1.78 (as modified by |EEE Std 802.3bg-2016) ‘to)reference 2.5G/5GBASE-T as
follows:

The skew delay register reports the current skew delay on each 'ofithe pair with respect to physical pair A
(see Table 45-58). It is reported with resolution equal to one‘symbol period (see 55.1.3, apg-113.1.2, and
126.1.3) of the PHY (e.g., 1.25 ns for 10GBASE-T) to ar ,accuracy of two symbol periods (e.g., 2.5 ns for
10GBASE-T). The number reported isin two's complement notation with positive values representing delay
and negative values representing advance with respectto physical pair A. If the delay exceeds the maximum
amount that can be represented by the range (—64 symbols to +63 symbols), the field displays the maximum
respective value. The value shall be updated at [east once per second.

45.2.1.79 MultiGBASE-T fast retrain, status and control register (Register 1.147)
45.2.1.79.1 LP fast retrain count(1.147.15:11)

Change the text of 45.2.1.79.1 (as modified by IEEE Std 802.3bg-2016) to include 2.5GBASE-T and
5GBASE-T asfollows:

These bits map to finrx_counter as defined in 55.4.5.4 for 10GBASE-T, and 113.4.5.4 for 25GBASE-T and
40GBASE-T, and\126.4.5.4 for 2.5GBASE-T and 5GBASE-T. The counter is a 5-bit count of the number of
fast retrains requested by the link partner. These bits shall be reset to all zeros when read or upon execution
of the PMAreset. These hits shall be held at all ones in the case of overflow.

45.2.4,79.2 LD fast retrain count (1.147.10:6)

Change the text of 45.2.1.79.2 (as modified by IEEE Sd 802.3bg-2016) to include 2.5GBASE-T and
5GBASE-T asfollows:

These bits map to fr_tx_counter as defined in 55.4.5.4 for 10GBASE-T, and 113.4.5.4 for 25GBASE-T and
40GBASE-T, and 126.4.5.4 for 2.5GBASE-T and 5GBASE-T. The counter is a 5-bit count of the number of

TSt letldillb requesied Dy e 10Cd uevi(,e. 1rese Ui[s Sld DeTesEl 10 di ZerOs Wriet read Or Upori EXE(,U[iOH
of the PMA reset. These bits shall be held at all onesin the case of overflow.
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45.2.1.79.5 Fast retrain signal type (1.147.2:1)

Change the text of 45.2.1.79.5 (as modified by | EEE Std 802.3bg-2016) to add reference to 126.3.6.2.2 as
follows:

For PHY sthat support fast retrain, these bits map to fr_sigtype as defined in 55.3.6.2.2, and-113.3.6.2.2, and
126.3.6.2.2. When Fast retrain signal typeis set to 00, the PMA sends IDLE characters on the receive path
during fast retrain. When Fast retrain signal typeis set to 01, the PMA sends Local Fault on the receive path
during fast retrain. When Fast retrain signal typeisset to 10, the PMA sends Link Interruption on the receive
path during fast retrain.

45.2.1.79.6 Fast retrain enable (1.147.0)

Change the text of 45.2.1.79.6 (as modified by IEEE Sd 802.3bg-2016) to add reference t0,126.4.5.1 as
follows:

For PHY s that support fast retrain, this-bit 1.147.0 controls fr_enable as defined in 55:4:5.1, and-113.4.5.1,
and 126.4.5.1. When PMA reset is executed, this bit is set to one.

NOTE—Setting this bit to zero while alink is up will cause the PHY to stop supperting fast retrain, and the link will
drop if the link partner initiates afast retrain.

45.2.3 PCS registers
45.2.3.1 PCS control 1 register (Register 3.0)

Change the description for bit 3.0.5:2 in Table 45-120.(as modified by |EEE Std 802.3by-2016) as fol-
lows, and adjust reserved rows as appropriate (unchanged rows not shown):

Table 45-120—PCS’control 1 register bit definitions

Bit(s) Name Description R/W?2

3052 Speed selection 5432 RIW
1 x1 x X = Reserved

101 x =Reserved
1001 = Reserved
1000=5Gb/s
0111=25Gb/s
01 1x0=Reserved

8R/W = Read/Write
Change the text of 45.2.3.1.2 (as modified by IEEE Sd 802.3bg-2016) to include 2.5GBASE-T and
BGBASE-T asfollows:
45.2.3.1.2 Loopback (3.0.14)

When any MultiGBASE-T or the 10GBASE-R mode of operation is selected for the PCS using the PCStype
selection field (3.7.1:0), the PCS shall be placed in aloopback mode of operation when bit 3.0.14 is set to a

one. When bit 3.0.14 i1s set to a one, the 1I0GBASE-R, 10GBASE-T, or any PCSin the MUultiGBASE-T set
shall accept data on the transmit path and return it on the receive path. The speed of the loopback is selected
by the PCS control 1 (Register 3.0) defined in 45.2.3.1. The specific behavior of the 10GBASE-R PCS
during loopback is specified in 49.2. The specific behavior for the 10GBASE-T PCS during loopback is
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specified in 55.3.6.3. The specific behavior for the 25GBASE-T and 40GBASE-T PCS during loopback is
specified in 113.3.7.3. The specific behavior for the 2.5GBASE-T or SGBASE-T PCS during loopback is
specified in 126.3.7.3. For all other port types, the PCS loopback functionality is not applicable and writesto
this bit shall be ignored and reads from this bit shall return a value of zero.

45.2.3.4 PCS speed ability register (Register 3.4)

Change Table 45-122 (as modified by | EEE Std 802.3by-2016) as follows (unchanged rows not shown):

Table 45-122—PCS speed ability register bit definitions

Bit(s) Name Description R/W?2
3.4.15:58 | Reserved for future speeds | Value awaysO RO
34.7 5G capable 1 =PCSiscapable of operating at 5 Gb/s RO

0=PCSisnot capable of operating at 5 Gb/s
3.4.6 2.5G capable 1 =PCSiscapable of operating at 2.5 Gbls RO
0=PCS s not capable of operating at.25.Gb/s
345 Reserved Value always 0 RO
3RO = Read only

Insert 45.2.3.4.6 and 45.2.3.4.7 after 45.2.3.4.5 (asinserted by | EEE Std 802.3by-2016) as follows:
45.2.3.4.6 2.5G capable (3.4.6)

When read asaone, bit 3.4.6 indicates that the PCS'is able to operate at adatarate of 2.5 Gb/s. When read as
azero, bit 3.4.6 indicates that the PCS is not.able to operate at a data rate of 2.5 Gh/s.

45.2.3.4.7 5G Capable (3.4.7)

When read as a one, bit 3.4.7 indicates that the PCS is able to operate at a data rate of 5 Gb/s. When read as
azero, bit 3.4.7 indicates that the'PCS is not able to operate at a data rate of 5 Gh/s.
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45.2.3.6 PCS control 2 register (Register 3.7)

Changethedescription for bit 3.7.3:0 in Table 45-123 (as modified by | EEE Std 802.3bg-2016) as follows
(unchanged rows not shown):

Table 45-123—PCS control 2 register bit definitions

Bit(s) Name Description R/wWa

10 RIW
1 x=reserved

1 1= Select 5GBASE-T PCStype
1 0= Select 2.5GBASE-T PCStype

3.7.30 PCS type selection

== W
ococoN

3R/IW = Read/Write

45.2.3.7 PCS status 2 register (Register 3.8)

Change Table 45-124 as follows (unchanged rows not shown):

Table 45-124—PCS status 2 register {it\definitions

Bit(s) Name Description R/W2
3.8.13:12 Reserved5GBASE-T Valuealways01 = PCSis able to support 2.5GBASE-T RO
capable PCStype

0 = PCSis not able to support 2.5GBASE-T PCS type

3.8.12 2.5GBASE-T capable 1 =PCSis able to support 5GBASE-T PCS type RO
0-=-PCSis not able to support 5GBASE-T PCS type

38R0 = Read only, LH = Latching high

Insert 45.2.3.7.1a and 45.2.3.7.1b after 45.2.3.7.1 asfollows:
45.2.3.7.1a 5GBASEfT capable (3.8.13)

When read as aone,\bit 3.8.13 indicates that the PCSis able to support the 5SGBASE-T PCStype. When read
asazero, bit 3.8.13 indicates that the PCSis not able to support the 5GBASE-T PCS type.

45.2.3.71b 2.5GBASE-T capable (3.8.12)

When-read as a one, bit 3.8.12 indicates that the PCS is able to support the 2.5GBASE-T PCS type. When
read as a zero, bit 3.8.12 indicates that the PCSis not able to support the 2.5GBASE-T PCStype.
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45.2.3.9a EEE control and capability 2 register (Register 3.21)

Change Table 45-125a (as inserted by | EEE Sd 802.3bg-2016) as follows:

Table 45-125a—EEE control and capability 2 register

Bit(s) Name Description R/W2

3.21.1 5GBASE-T EEE 1= EEE is supported for 5SGBASE-T RO
0 = EEE is not supported for 5GBASE-T

3.21.%0 Reserved2.5GBASE-T Value-alwaysOl = EEE is supported for 2.5GBASE-T RO
EE 0 = EEE is not supported for 2.5GBASE-T

4RO = Read only

Insert 45.2.3.9a.2 and 45.2.3.9a.3 after 45.2.3.9a.1 (asinserted by | EEE Std 802:3b0-2016) as follows:
45.2.3.9a.2 5GBASE-T EEE supported (3.21.1)

If the device supports EEE operation for 5GBASE-T as defined in 126.1.3.3, bit 3.21.1 shall be set to one.
45.2.3.9a.3 2.5GBASE-T EEE supported (3.21.0)

If the device supports EEE operation for 2.5GBASE-T asdefined in 126.1.3.3, bit 3.21.0 shall be set to one.

45.2.3.13 BASE-R and MultiGBASE-T PCS'status 1 register (Register 3.32)
45.2.3.13.1 BASE-R and MultiGBASE-T receive link status (3.32.12)

Change the text of 45.2.3.13.1 (as todified by IEEE Std 802.3by-2016 and | EEE Std 802.3bg-2016) to
reference 2.5GBASE-T and 5GBASE-T asfollows:

When read as a one, bit 3.32.12 indicates that the PCSisin afully operational state. When read as a zero, bit
3.32.12 indicates that the)PCS is not fully operational. This bit is a reflection of the PCS_status variable
defined in 49.2.14.1 for 10/25GBASE-R, in 126.3.7.1 for 2.5GBASE-T and 5GBASE-T, in 55:3:6:155.3.7.1
for 10GBASE-T,in113.3.7.1 for 25GBASE-T and 40GBASE-T, and in 82.3.1 for 40/100GBASE-R.

45.2.3.13.4 BASE-R and MultiGBASE-T PCS high BER (3.32.1)

Changethe text of the second paragraph of 45.2.3.13.4 (as modified by | EEE Std 802.3bg-2016) to refer-
ence 2.5GBASE-T and 5GBASE-T asfollows:

For any member of the MultiGBASE-T set, when read as a one, bit 3.32.1 indicates that the 64B/65B
receiver is detecting a BER of > 107*. When read as a zero, bit 3.32.1 indicates that the 64B/65B receiver is
detecting a BER of < 107, This bit is a direct reflection of the state of the hi_Ifer variable in the

MUultiGBASE-T 64B/65B state diagrams, defined in 126.3.6.2.2 for 2.5GBASE-T and 5GBASE-T, in
55361 for 10GBA, QIZ_T‘l and ii1 13362 ’)_fnr 25GBASE-T and 40GBASE-T.
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45.2.3.13.5 BASE-R and MultiGBASE-T block lock (3.32.0)

Change the text of 45.2.3.13.5 (as modified by IEEE Std 802.3by-2016 and | EEE Std 802.3bg-2016) to
reference 2.5GBASE-T and 5GBASE-T asfollows:

When read as a one, hit 3.32.0 indicates that the 64B/66B receiver for BASE-R or the 64B/65B receiver for
a member of the MultiGBASE-T set has block lock. When read as a zero, bit 3.32.0 indicates that the
64B/66B receiver for BASE-R or the 64B/65B receiver for a member of the MultiGBASE-T set has not
achieved block lock. Thishit isadirect reflection of the state of the block_lock variable in the 64B/66B state
diagram and isdefined in 49.2.13.2.2 for 10/25GBASE-R and in 82.2.19.2.2 for 40/100GBASE-R. For_both
the 2.5GBASE-T and 5GBASE-T PCS, the block_lock variable in the 64B/65B state diagram is defined\in
126.3.6.2.2. For the 10GBASE-T PCS the block_lock variable in the 64B/65B state diagram is defined in
55.3.2.3. For both the 25GBASE-T and 40GBASE-T PCS the block_lock variable in the 64B/65B state
diagram is defined in 113.3.6.2.2. For a multi-lane PCS, this hit indicates that the receiver has both block
lock and alignment for all lanes and isidentical to 3.50.12 (see 45.2.3.25.1).

45.2.3.14 BASE-R and MultiGBASE-T PCS status 2 register (Register 3.38)
45.2.3.14.3 BER (3.33.13:8)

Change the text of 45.2.3.14.3 (as modified by IEEE Std 802.3by-2016.and | EEE Std 802.3bg-2016) to
include 2.5GBASE-T and 5GBASE-T asfollows:

The BER counter is a six bit count as defined by the ber_countivariable in 49.2.14.2 and 82.2.19.2.4 for
10/25/40/100GBA SE-R and defined by thelfer_count counterin 126.3.6.2 in 2.5GBASE-T and 5GBASE-T,
55.3.6.2 for 10GBASE-T, and in 113.3.6.2.2 for 25GBASE-T_and 40GBASE-T. These bits shall be reset to
al zeros when the BASE-R and MultiGBASE-T PCS status 2 register is read by the management function or
upon execution of the PCSreset. If the BER high ordepceunter, 3.44 (see 45.2.3.23) is not implemented then
these hits shall be held at all onesin the case of overflow.

45.2.3.14.4 Errored blocks (3.33.7:0)

Change the text of 45.2.3.14.4 (as modified by IEEE Std 802.3by-2016 and | EEE Std 802.3bg-2016) to
include 2.5GBASE-T and 5GBASE:T-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 10/25GBASELR; in 82.3.1 for 40/100GBA SE-R and defined by counter errored_block_count
in 126.3.6.2 in 2.5GBASE*T and 5GBASE-T, 55.3.6.2 for 10GBASE-T and in 113.3.6.2 for 25GBASE-T
and 40GBASE-T. These bits shall be reset to al zeros when the errored blocks count is read by the
management functien or upon execution of the PCSreset. If the Errored blocks high order counter, 3.45 (see
45.2.3.24) is potimplemented then these bits shall be held at all onesin the case of overflow.
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45.2.7 Auto-Negotiation registers

Change the names of registers 7.60 and 7.61 (EEE advertisement 1 and EEE LP ability 1), and the
reserved row (7.62:63) in Table 45200 (as modified by | EEE Std 802.3bg-2016, | EEE Std 802.3bw-2015,

and |EEE Sd 802.3bp-2016) to add EEE advertisement 2 register 7.62, and insert row for register 7.63,
EEE LP ability 2, after 7.62 as follows (unchanged rows not shown):

Table 45-200—Auto-Negotiation MMD registers

Register address Register name Subclause
7.60 EEE advertisement 1 45.2.7.13
7.61 EEE £Rlink partner ability 1 45.2.7.14
7.62:63 ReservedEEE advertisement 2 45.2.7.14aa
7.63 EEE LRlink partner ability 2 45.2.7:14ab

45.2.7.10 MultiGBASE-T AN control 1 register (Register 7.32)

Change the reserved row in Table 45-207 (as modified by |EEE Sd 802:3b¢-2016) and insert rows for
bits 7.32.8, 7.32.7, 7.32.6, and 7.32.5 above the reserved row as follows (unchanged rows not shown):

Table 45-207—MultiGBASE-T AN centrol 1 register

Bit(s) Name Description R/wWa
7.32.8 5GBASE-T ability 1 = Advertise PHY as 5GBASE-T capable R/W
0= Do not advertise PHY as 5GBASE-T capable
7.32.7 2.5GBASE-T ability 1= Advertise PHY as 2.5GBASE-T capable R/W
0 = Dolnet advertise PHY as 2.5GBASE-T capable
7.32.6 5GBASE-T Fast 1=Advertise PHY as 5GBASE-T fast retrain capable R/W
retrain ability 0-= Do not advertise PHY as 5GBASE-T fast retrain capable
7.32.5 2.5GBASE-T Fast 1= Advertise PHY as 2.5GBASE-T fast retrain capable R/W
retrain ability 0= Do not advertise PHY as 2.5GBASE-T fast retrain capable
7.32.8:4 Reserved Value always 0 RO

8R/W = Read/Write, RO = Read only

Insert 45.2.7(104ca through 45.2.7.10.4cd after 45.2.7.10.4c (as inserted by | EEE Std 802.3bg-2016) as
follows:

45.2.°7,10.4ca 5GBASE-T capability (7.32.8)

Bit 7.32.8 is used to select whether or not Auto-Negotiation advertises the ability to operate asa 5GBASE-T
PHY. If bit 7.32.8 is set to one the PHY shall advertise 5GBASE-T PHY capability. If bit 7.32.8 is set to zero
the PHY shall not advertise 5GBASE-T PHY capability.

45.2.7.10.4cb 2.5GBASE-T capability (7.32.7)

Bit 7.32.7 is used to select whether or not Auto-Negotiation advertises the ability to operate as a
2.5GBASE-T PHY. If hit 7.32.7 is set to one the PHY shall advertise 2.5GBASE-T PHY capability. If bit
7.32.7 is set to zero the PHY shall not advertise 2.5GBASE-T PHY capability.
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45.2.7.10.4cc 5GBASE-T Fast retrain ability (7.32.6)

Bit 7.32.6 is used to select whether or not the 5SGBASE-T PHY advertises the ability to support SGBASE-T
fast retrain. Fast retrain ability is exchanged during link training, see 126.4.2.5.10. If bit 7.32.6 is set to one,

the PHY shall advertise fast retrain ability. If bit 7.32.6 is set to zero, the PHY shall not advertise fast retrain
ability.

45.2.7.10.4cd 2.5GBASE-T Fast retrain ability (7.32.5)
Bit 7.32.5 is used to select whether or not the 25GBASE-T PHY advertises the ability to support
2.5GBASE-T fast retrain. Fast retrain ability is exchanged during link training, see 126.4.2.5.10. If bit 7.32'5

is set to one, the PHY shall advertise fast retrain ability. If bit 7.32.5 is set to zero, the PHY shall not
advertise fast retrain ability.

45.2.7.11 MultiGBASE-T AN status 1 register (Register 7.33)

Change the reserved row in Table 45208 (as modified by IEEE Std 802.3bg-2016) and insert three new
rows below it as follows (unchanged rows not shown):

Table 45-208—MultiGBASE-T AN status.1.register

Bit(s) Name Description R/w2

7.33.6:3. | ReservedLink partner Value-always 0l = Link partner is able to operate as5GBASE-T | RO
SGBASE-T capability 0 = Link partner isnot able to operate as SGBASE-T

7.335 Link partner 2.5GBASE-T | 1=Link partner'is able to operate as 2.5GBASE-T RO
capability 0 = Linkqartner is not able to operate as 2.5GBASE-T

7334 S5GBASE-T Fast retrain 1 =link partner is capable of 5SGBASE-T fast retrain RO

BE— ability Q= Link partner is not capable of SGBASE-T fast retrain —

7333 2.5GBASE-T Fast retrain 1= Link partner is capable of 2.5GBASE-T fast retrain RO

= ability 0 = Link partner is not capable of 2.5GBASE-T fast retrain

8RO = Read only, SC = Self-clearing, LH = Latching high

45.2.7.11.1 MASTER-SLAVE configuration fault (7.33.15)
Changethe text of 45.2.7.11.1 to include 2.5GBASE-T and 5GBASE-T asfollows:

MASTER-SLAVE configuration fault bit 7.33.15 shall be set in the event that determination of the
MASTER-SLAVE cannot be successfully concluded. MASTER-SLAVE configuration fault, as well as the
Criteria and method of fault detection, is PHY specific. Additional information regarding the resolution and
selection of MASTER-SLAVE and bit 7.33.15 for 10GBASE-T in contained in 55.6.2. Additional
information regarding the resolution and selection of MASTER-SLAVE and bit 7.33.15 for 25GBASE-T
and 40GBASE-T is contained in 113.6.2. Additional information regarding the resolution and selection of
MASTER-SLAVE and bit 7.33.15 for 25GBASE-T and 5GBASE-T is contained in 126.6.2. The
MASTER-SLAVE configuration fault bit 7.33.15 shall be cleared each time the MultiGBASE-T status

register 7.33 is read via the management interface and shall be cleared by a PMA reset of a PHY in the
MultiGBASE-T set. Bit 7.33.15 shall self clear upon Auto-Negotiation enable.
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45.2.7.11.2 MASTER-SLAVE configuration resolution (7.33.14)

Changethetext of 45.2.7.11.2 to include 2.5GBASE-T and 5GBASE-T asfollows:

Bit 733 14 is determmed by the iGGBASEJ MASTER- SLAVE conflguratlon resolutlon funct|on

elese#bed—m—l—l%—é—% These are dwcrlbed in 126.6.2, 55.6.2, and 11362 for ZSG/SGBASET

10GBASE-T, and 25G/40GBASE-T, respectively. If the MASTER-SLAVE configuration resolution bit
7.33.14 is set to one and the Auto-Negotiation complete bit 7.1.5 is set and MASTER-SLAVE configuration
fault bit 7.33.15 in the MultiGBASE-T status register is zero, then MASTER mode of operation has bech
selected. If the MASTER-SLAVE configuration resolution bit 7.33.14 is set to zero and the Auto-
Negotiation complete bit 7.1.5 is set and MASTER-SLAVE configuration fault bit 7.33.15nn" the
MultiGBASE-T status register is zero, then SLAVE mode of operation has been selected. In all pther cases,
neither SLAV E mode nor MASTER mode has been selected.

Insert the following new subclauses (45.2.7.11.7ba, 45.2.7.11.7bb, 45.2.7.11.7bc, and 45,2.7.11.7.bd) after
45.2.7.11.7b, inserted by | EEE Std 802.3bg-2016:

45.2.7.11.7ba Link partner 5GBASE-T capability (7.33.6)

Bit 7.33.6 is only valid when page received bit 7.1.6 is set to one. When'read as a one, bit 7.33.6 indicates
that the link partner is able to operate as 5GBASE-T. When read as az&xo, bit 7.33.6 indicates that the link
partner is not able to operate as 5SGBASE-T.

45.2.7.11.7bb Link partner 2.5GBASE-T capability (7,33.5)

Bit 7.33.5 is only valid when page received hit 7.1.5 is set'to one. When read as a one, bit 7.33.5 indicates
that the link partner is able to operate as 2.5GBA SE-T{When read as a zero, bit 7.33.5 indicates that the link
partner is not able to operate as 2.5GBASE-T.

45.2.7.11.7bc 5GBASE-T Fast retrain-ability (7.33.4)

When read as a one, bit 7.33.4 indicates'that the link partner has the ability to support the 5SGBASE-T fast
retrain capability as specified in 126,4.2.5.16. When read as a zero, bit 7.33.4 indicates that the PHY lacks
the ability to support the 5SGBASE T fast retrain capability. Thisbit is only valid after link is established.
45.2.7.11.7bd 2.5GBASE-T Fast retrain ability (7.33.3)

When read as aone,bit 7.33.3 indicates that the link partner has the ability to support the 2.5GBASE-T fast
retrain capability~as specified in 126.4.2.5.16. When read as a zero, bit 7.33.3 indicates that the PHY lacks
the ability toGupport the 2.5GBASE-T fast retrain capability. Thisbit isonly valid after link is established.
Changeée-the title of 45.2.7.13 and the text of the first paragraph of 45.2.7.13 (as modified by IEEE Sd
802Eb-2016) to rename the register EEE advertisement 1 as follows (unchanged paragraphs not
shown):

45.2.7.13 EEE advertisement_1 (Register 7.60)

This register defines the EEE advertisement for several device types. Devices that use Clause 28 Auto-
Negotlat|on send EEE advert|sement in the Unformatted Next Page foIIOW| ng a EEE technology message

in 28C.11. Devices that use Clause 73 Auto-Negot|at|on send EEE advertisement in the unformatted code
field of Message Next Page with EEE technology message code as defined in 73A.4. For 25GBASE-T and
40GBASE-T, the EEE advertisement is exchanged in the Infofield during training as defined in 113.4.2.5.10.

43
Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved


https://standardsiso.com/api/?name=4b0368f51f6bc9bfa93dbc28b7f382c1

ISO/IEC/IEEE 8802-3:2017/Amd.7:2017(E)

IEEE Std 802.3bz-2016
Amendment 7: Media Access Control Parameters, Physical Layers, and Management Parameters
for 2.5 Gb/s and 5 Gb/s Operation

For 2.5GBASE-T and 5GBASE-T, the EEE advertisement is exchanged in the Infofield during training as
defined in 126.4.2.5.10. The assignment of bitsin the EEE advertisement 1 register and the correspondence
with the bitsin the Next Page messages or in the training Infofield are shown in Table 45-210.

Changethetitle of Table 45-210 asfollows:

Table 45-210—EEE advertisement 1 register (Register 7.60) bit definitions
Change the title and text of 45.2.7.14 (as modified by |IEEE Std 802.3bg-2016) to change the name of
register 7.61 as follows:
45.2.7.14 EEE link partner ability_1 (Register 7.61)
All of the bitsin the EEE LP ability 1 register are read-only. A write to the EEE LP ability, 1 register shall
have no effect. Except for 10GBASE-T, members of the MultiGBASE-T PHY set exchange'the EEE ability
in the Infofield during link training. For these PHY's, the EEE LP abhility register is.Updated after link is
established. For all other PHY's, when the AN process has been completed, thisregister shall reflect the
contents of the link partner’s EEE advertisement 1 register. The assignment of hits'in the EEE link partner
ability 1 register and the correspondence with the bitsin the Next Page messagesare shown in Table 45-211.
Changethetitle of Table 45-211 as follows (unchanged rows not shown):

Table 45-211—EEE link partner ability 1 (Regtster 7.61) bit definitions

Change the second paragraph of 45.2.7.14 asfollows:

The definitions for the contents of the EEE L P ability‘register are given by the definitions for the contents on
the link partner’s EEE advertisement 1 register, 7.60\(see 45.2.7.13).
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Insert a new subclause (45.2.7.14aa including Table 45-211aa) after 45.2.7.14 and before 45.2.7.14a
(inserted by | EEE Std 802.3bg-2016) as follows:

45.2.7.14aa EEE advertisement 2 (Register 7.62)

EEE advertisement 2 register is a continuation of EEE advertisement 1 register. The assignment of bitsin the
EEE advertisement 2 register are shown in Table 45-211aa.

Table 45-211aa—EEE advertisement 2 register (Register 7.62) bit definitions

. S Clausereference; Next a
Bit(s) Name Description Page bit number R/W
7.62.15:2 | Reserved Vaue dways0 RO
7.62.1 5GBASE-T 1 = Advertise that the 5SGBASE-T has 126.4.2.5.10 R/W
EEE EEE capability
0 = Do not advertise that the SGBASE-T
has EEE capability
7.62.0 2.5GBASE-T 1= Advertise that the 2.5GBASE-T has 126.4.2.5.10 R/W
EEE EEE capability
0= Do not advertise that the 2.5GBASE-T
has EEE capability

8R/W = Read/Write, RO = Read only

45.2.7.14aa.1 5GBASE-T EEE (7.62.1)

If the device supports EEE operation for 5SGBASEST as defined in 126.6.1, and EEE operation is desired, bit
7.62.1 shall be set to one.

45.2.7.14aa.2 2.5GBASE-T EEE (7.62.0)

If the device supports EEE operation for 2.5GBASE-T as defined in 126.6.1, and EEE operation is desired,
bit 7.62.0 shall be set to one.

Insert new subclause (45.2:7.14ab including Table 45-211ab) as follows:
45.2.7.14ab EEE link partner ability 2 (Register 7.63)

All of the bits.ih the EEE LP ability 2 register are read-only. A write to the EEE LP ability 2 register shall
have no_éffect. When the AN and training processes have been completed, this register shall reflect the
contents.of the link partner’s EEE advertisement 2 register. The assignment of bits in the EEE link partner
ability2 register and the correspondence with the bits in the Next Page messages (for PHY s that exchange
EEE abilities during AutoNegotiation) are shown in Table 45-211ab.
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The definitions for the contents of the EEE LP ahility 2 register are given by the definitions for the contents
on thelink partner’'s EEE advertisement 2 register, 7.62 (see 45.2.7.148a).

lable 4o0-Z11ab—EEE IInK partner abllity Z (KRegister /.65) DIt definitions

Clausereference;

a
Next Page bit number RIW

Bit(s) Name Description

7.63.15:2 | Reserved Vaue aways0 RO

7.63.1 5GBASE-T EEE | 1=_Link partner is advertising that the 126.4.2.5.10 RO
5GBASE-T has EEE capability
0= Link partner is not advertising that the
5GBASE-T has EEE capability

7.63.0 2.5GBASE-T 1= Link partner is advertising that the 126.4.2.5.10 RO
EEE 2.5GBASE-T has EEE capability
0 = Link partner is not advertising that the
2.5GBASE-T has EEE capability

3RO = Read only

45.2.7.14a MultiGBASE-T AN control 2 (Register 7.64)

Change the reserved row and insert two new rows in Table 45°2%14a, inserted by | EEE Std 802.3bg-2016,
as follows (unchanged rows not shown):

Table 45-211a—MultiGBASE-T AN.cantrol 2 (Register 7.64) bit definitions

Bit(s) Name Description R/W?2
7.64.15:24 Reserved Value aways 0 RO
1 =L ocal devicerequests link partner to initially reset
7643 2.5GBASE-T THP THP during fast retrain RIW
— Bypass Reguest 0= Local device requests link partner not toinitially reset | =
THP during fast retrain
1 = L ocal device requestslink partner to initially reset
7642 5GBASE-T THP THP during fast retrain RIW
——= Bypass Request 0= Local devicerequests link partner not toinitially reset | =

THP during fast retrain

8RIW = Read/Write, RO = Read only
Insert'45.2.7.14a.a and 45.2.7.14a.b after 45.2.7.14a and before 45.2.7.14a.1 (both inserted by IEEE Sd
802.3bg-2016) as follows:
45.2.7.14a.a 2.5GBASE-T THP Bypass Request

Bit 7.64.3 isvalid only if 7.32.5 is set to one advertising fast retrain ability, and is used to request the link

bha-TL1D Al H

+ katlk + artiall ookt fact ot H Tl I») n act. I ol H Lial
PQILIICI VVITTCUNICT tU Illlllally TCOoCU UIC 1TTiIr uullllu TGOLU TCLIATTL TTIT LJy'JODOI\WUCOL IQCI\\,II(JIIyW uulllly LILLILLAY
training, see 126.4.2.5.10. If bit 7.64.3 is set to zero the local device requests link partner not to reset THP
during fast retrain. If bit 7.64.3 is set to one the local device requests link partner to initially reset THP
during fast retrain.
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45.2.7.14a.b 5GBASE-T THP Bypass Request

Bit 7.64.2 isvalid only if 7.32.6 is set to one advertising fast retrain ability, and is used to request the link
partner whether to initially reset the THP during fast retrain. THP Bypass Request is exchanged during link

training, see 126.4.2.5.10. If bit 7.64.2 is set to zero the local device requests link partner not to reset THP
during fast retrain. If bit 7.64.2 is set to one the local device requests link partner to initially reset THP
during fast retrain.

45.2.7.14b MultiGBASE-T AN status 2 (Register 7.65)

Change the reserved row and insert two new rows in Table 45-211b (inserted by | EEE Std 802.3bg-2016)
asfollows:

Table 45-211b—MultiGBASE-T AN status 2 (Register 7.65) bit definitions

Bit(s) Name Description R/W?

7.65.15:24 | Reserved Value always 0 RO

1 =Link partner requests local deviceto initially reset
2.5GBASE-T Link Partner THP during fast retrain

1653 THP Bypass Request 0= Link partner requests locahdevice not to initially reset RO
THP during fast retrain
1= Link partner requestslocal devicetoinitially reset
7652 5GBASE-T Link Partner THP during fast retrain RO
= THP Bypass Request 0= Link partnef.requests local device not to initially reset | —
THP duringfast'retrain
3RO = Read only

Insert new subclauses 45.2.7.14b.a and<45.2.7.14b.b before 45.2.7.14b.1 (as inserted by IEEE Sd
802.3bg-2016) asfollows:

45.2.7.14b.a 2.5GBASE-T Lipnk Partner THP Bypass Request

Bit 7.65.3 is valid only if. 7:33.3 is set to one indicating that the link partner has fast retrain ability. THP
Bypass Request is exchanged during link training, see 126.4.2.5.10. Bit 7.65.3 is updated after link is
established. When read as a zero, the link partner requests local device not to reset THP during fast retrain.
When read as a oneythe link partner requests local device to initially reset THP during fast retrain.

45.2.7.14b .b-5GBASE-T Link Partner THP Bypass Request

Bit 7.65:2 is valid only if 7.33.0 is set to one indicating that the link partner has fast retrain ability. THP
Bypass Request is exchanged during link training, see 126.4.2.5.10. Bit 7.65.2 is updated after link is
established. When read as a zero, the link partner requests local device not to reset THP during fast retrain.
When read as a one, the link partner requests local deviceto initially reset THP during fast retrain.
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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

Insert two rows for options *2.5T and *5T before the row for * 10T, and two rows for options *2.5G and
*5G before the row for *10G in 45.5.3.2 as follows (unchanged rows not shown):

45.5.3.2 PMA/PMD MMD options

Item Feature Subclause Value/Comment Satus Support
*2.5T Implementation of a 45.2.1.14c PMA:O Yes|[ ]
2.5GBASE-T PMA No [ ]
*5T Implementation of a 45.2.1.14c PMA:O Yes[ ]
5GBASE-T PMA No [ ]
*2.5G Implementation of a2.5 Gb/s 45214 PMA:O Yes|[ ]
PMA/PMD No [ ]
*5G Implementation of a5 Gb/s 45214 PMA:O Yes|[ ]
PMA/PMD No [ ]

45.5.3.3 PMA/PMD management functions

Change row for descriptions for MM 111 and MM 112 (as modified by |EEE Std 802.3bw-2015, |IEEE Sid
802.3by-2016, |EEE Sd 802.3bg-2016, and |EEE "Std 802.3bp-2016) as follows (unchanged rows not
shown):

Item Feature Subclause Value/Comment Satus Support

MM111 | Bit set to zero if PMA 452.1.62.1 PMA*25T:M | Yes[ ]
link_status=FAIL PMA*5T:M | No [ ]
PMA*10T:M
PMA*25T:M
PMA *40T:M

MM112 | Skew.delay register updaterate | 45.2.1.78 At least once per second | PMA*2.5T:M | Yes[ ]

PMA*5T:M | No [ ]
PMA*10T:M
PMA*25T:M
PMA*40T:M

2Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proformain this subclause so that it can
be used for itsintended purpose and may further publish the completed PICS.
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45.5.3.9 Auto-Negotiation management functions

Insert rows for items AMG65 through AM68 (as modified by IEEE Sd 802.3bg-2016 and
|EEE Std 802.3bp-2016), below AM64, inserted by |IEEE Std 802.3bg-2016, as follows (unchanged rows

not shown):

Item Feature Subclause Value/Comment Satus Support

AM65 Advertise 5GBASE-T PHY 45.2.7.10.4ca AN:M Yes[]
capability when bit is set to N/AY ]
one

AME6 5GBASE-T PHY capability 45.2.7.10.4ca AN:M Yes|[ ]
not advertised when bit is set N/AT]
to zero

AMG67 Advertise 2.5GBASE-T PHY 45.2.7.10.4ca AN:M Yes[]
capability when bit is set to N/A[]
one

AMG68 2.5GBASE-T PHY capability 45.2.7.10.4ca AN:M Yes[]
not advertised when bit is set N/AT]
to zero
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46. Reconciliation Sublayer (RS) and 10 Gigabit Media Independent
Interface (XGMII)

46.T OVETVIiewW
Changethethird paragraph of 46.1 asfollows, to include 2.5 Gb/s and 5 Gb/srates:

The RS adapts the bit serial protocols of the MAC to the parallel encodings of 2.5 Gb/s, 5 Gb/s, and 10 Gb/s
PHYs. Though the XGMII is an optional interface, it is used extensively in this standard as a basis for
specification. The 2.5 Gh/s, 5 Gb/s, and 10 Gb/s Physical Coding Sublayers (PCS) is-are specified 10.theé
XGMII, so if not implemented, a conforming implementation shall behave functionally as if the RS.and
XGMII were implemented.

Change item a) in the list following the fourth paragraph of 46.1 to include 2.5 Gb/s and,5 Gb/s rates as
follows:

The XGMII has the following characteristics:

a) It is capable of supporting at least one of the following rates of \operation: 2.5 Gb/s, 5 Gb/s, or
10 Gb/s-eperatien.

46.1.1 Summary of major concepts
Insertitem i) after the last item in the list under 46.1.1 as follows:
i)  The XGMII israte scalable and may support rates of 2.5 Gb/s, 5 Gh/s, and 10 Gb/s.
46.1.2 Application
Change the second paragraph of 46.1.2 asfollows:

This interface is used to provide mediaindependence so that an identical media access controller may be
used with all 2.5GBASE, 5GBASE, ‘and 10GBASE PHY types.

46.1.3 Rate of operation
Change 46.1.3 as follows!

The XGMII supports enby-the-10-Gb/ssMAC data rates of 2.5 Gh/s, 5 Gb/s, and 10 Gb/s as defined within
this clause. A compliant device may implement any subset of these rates. Operation at 10 Mb/s and

100 Mb/sdssupported by the M1 defined in Clause 22 and operation at 1000 Mb/s by the GMII defined in
Clause 35,

' . ta—rate—10GBASE-X and 10GBASE-R
PHY's operate am a 10 Gb/s data rate 10GBASE- W PHYS operate at the STS-192/V C-4-64c line rate of
9.95328 Gb/s, mapping the encoded data stream at a 9.58464 Gb/s payload rate. On transmit, this mapping is
performed by discarding Idle control characters corresponding to the stretched interpacket gap created by
the MAC in this mode of operation, and on receive, by adding interpacket gap Idle control characters as
required to adapt to the XGMII RX_CLK rate.
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Changethetitle and text of 46.3.1.1 asfollows:

46.3.1.1 TX_CLK (#8-&bfs-transmit clock)

TX_CLK isacontinuous clock-tusedHereperation-at-10-Gbfs. TX_CLK providesthe timing reference for the
transfer of the TXC<3:0> and TXD<31:0> signals from the RS to the PHY. The values of TXC<3:0> and
TXD<31:0> shall be sampled by the PHY on both the rising edge and falling edge of TX_CLK. TX_CLK is
sourced by the RS.

The TX_CLK frequency shall be 456- taral
x fmac £ 100 ppm, where fyac isthe frequencv ( in Hz) correspondl ng to the MAC’s nommal bit rate,

NOTE—For EEE capability, TX_CLK may be halted according to 46.3.1.5.

46.3.2.1 RX_CLK (receive clock)
Change text of second paragraph of 46.3.2.1 asfollows:

The frequency of RX_CLK may be derived from the received data or it may be that 06f anominal clock (e.g.,
TX_CLK). When the received data rate at the PHY is within tolerance, the!RX_CLK frequency shall be

156:25-MHz-+0:01%;-ene-sixty-feurth-of-the- MACreeeive dataratel/64 X fyac £ 100ppm, where fyac is

the frequency (in Hz) corresponding to the MAC'’s nominal bit rate.

46.5 XGMII electrical characteristics
Changefirst paragraph of 46.5 as follows:

The electrical characteristics of the XGMII are specified such that the XGMII can be applied within a
variety of 2.5 Gb/s, 5 Gb/s, and 10 Gh/s equipment types. The electrical specifications are selected for an
integrated circuit to integrated circuit application. The electrical characteristics specified in this clause apply
to all XGMI|I signals.
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46.6 Protocol implementation conformance statement (PICS) proforma for Clause 46,
Reconciliation Sublayer (RS) and 10 Gigabit Media Independent Interface (XGMII)3

46.6.3 PICS proforma Tables for Reconciliation Sublayer and 10 Gigabit Media Independent

Interface

Changerow G1 and insert rows G2 and G3 in 46.6.3.1 as follows:

46.6.3.1 General

Item Feature Subclause Value/Comment Satus Support
Gl PHY support of 10 Gb/sMAC | 46.1.3 Support MAC data rate of PHY:M-O1 Yes|[ ]
datarate 10 Gb/s N/AT]
G2 PHY support of 5 Gb/sMAC 46.1.3 Support MAC datarate of PHY:O.1 | Yes[]
datarate 5 Gbl/s N/A
G3 PHY support of 2.5 Gb/sMAC | 46.1.3 Support MAC data rate of PHY:O0.1 | Yes[]
datarate 2.5 Gbh/s N/A
46.6.3.6 XGMII signal functional specifications
Change rows FS2 and FS9 as follows (unchanged rows not shown):
Item Feature Subclause Value/Comment Satus | Support
FS2 TX_CLK frequency 46.3.1.1 156.25-MHz+0.019%1/64 x XGEM | Yes[]
fmac £ 100 ppm, where fyac. N/AT]
is the frequency (in Hz)
corresponding to the MAC's
nominal bit rate
FS9 RX_CLK frequency 46.3.2.1 156.25-MHz=+=0.01% 1/64 x XGEM Yes[]
is the frequency (in Hz)
corresponding to the MAC's
nominal bit rate when received
datarate is within tolerance

3Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proformain this subclause so that it can
be used for itsintended purpose and may further publish the completed PICS.
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78. Energy-Efficient Ethernet (EEE)

78.1 Overview

Insert two new rows into Table 78-1 (as modified by |EEE Std 802.3bp-2016, | EEE Sd 802.3bg-2016,
and | EEE Std 802.3by-2016) following the entry for 1000BASE-T1 (inserted by | EEE Std 802.3bp-2016)
asfollows:

78.1.4 PHY types optionally supporting EEE

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

PHY or interfacetype Clause
2.5GBASE-T 126
5GBASE-T 126

78.2 LPI mode timing parameters description

Insert the following new rows into Table 78-2 for 2.5GBASET.-and 5GBASE-T EEE parameters after
therow for 1000BASE-T1, inserted by | EEE Std 802.3bp-2016:

Table 78-2—Summary of the key EEE parameters for supported PHYs or interfaces

Ts T T,
PHY or interface (us) (ug) (us)
type
Min Max Min Max Min Max
2.5GBASE-T 1152 12.8 76.8 76.8 5.12 5.12
5GBASE-T 5.76 6.4 38.4 38.4 2.56 2.56

78.3 Capabilities Negotiation

Change the text-in the first and second paragraphs of 78.3 (as modified by |EEE Sd 802.3bg-2016) as
follows:

TheEEE capability shall be advertised during the Auto-Negotiation stage, except for PHY s that only sup-
port fast wake operation or PHY s that exchange EEE capability during link training. Auto-Negotiation pro-
Vides alinked 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. Auto-Negotiation
is performed at power up, on command from management, due to link failure, or due to user intervention.
Fast wake capability shall be advertised using L2 protocol frames as described in 78.4. The EEE capability
for 25GBASE-T and 5GBASE-T shall be advertised during link training according to 126.4.2.5.10. The

LalJdl) Y U

113.4.2.5.10.
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During Auto-Negotiation, both link partners indicate their EEE capahilities. EEE is supported only if during
Auto-Negotiation both the local device and link partner advertise the EEE capability for the resolved PHY
type. If EEE is not supported, all EEE functionality is disabled and the LPI client does not assert LPI. EEE
deep sleep operation shall not be enabled unless both the local device and link partner advertise deep sleep

capability during Auto-Negotiation for the resolved PHY type. If EEE is supported by both link partners for
the negotiated PHY type, then the EEE function can be used independently in either direction. The same
applies to 2.5GBASE-T, 5GBASE-T, 25GBASE-T, and 40GBASE-T except the EEE capabilities are
exchanged and resolved during link training instead of during Auto-Negotiation.

78.5 Communication link access latency

Insert the following new rowsinto Table 784 with 2.5G/5GBASE-T LPI parameters after 1000BASE-KX
(unchanged rows not shown):

Table 78-4—Summary of the LPI timing parameters for supportedPHYs

PHy e | cas | (| oy | Teysmies | Tamlnmon | Twasos
(us) (us) (us) (us) (1s)
2.5GBASE-T Case-1 29.44 29.44 17.92 0 11.52
Case-2 17.92 17.92 6.4 0 11.52
5GBASE-T Case-1 14.72 14.72 8.96 0 5.76
Case-2 8.96 8.96 3.2 0 5.76
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Insert a new Clause 125 asfollows:

125. Introduction to 2.5 Gb/s and 5 Gb/s networks

125.1 Overview
125.1.1 Scope

This clause describes the general requirements for 2.5 Gigabit and 5 Gigabit Ethernet. 2.5 Gigabit Ethernet
uses the |IEEE 802.3 MAC sublayer operating at a data rate of 2.5 Gb/s, coupled with any |IEEE/802.3
2.5GBASE Physical Layer implementation. 5 Gigabit Ethernet uses the |IEEE 802.3 MAC sublayer. Operat-
ing at adatarate of 5 Gh/s, coupled with any |EEE 802.3 5GBASE Physical Layer implementation, 2.5 Gb/s
and 5 Gb/s Physical Layer entities, such as those specified in Table, provide a bit error ratio (BER) better
than or equal to 1012 at the MAC/PLS service interface.

2.5 Gigabit and 5 Gigahit Ethernet are defined for full duplex operation only.
125.1.2 Relationship of 2.5 Gigabit and 5 Gigabit Ethernet to the ISO ©SI reference model

2.5 Gigabit and 5 Gigabit Ethernet couple the IEEE 802.3 MAC to a family-of 2.5 Gb/s and 5 Ghb/s Physical
Layers. The relationships among 2.5 Gigabit and 5 Gigabit Ethernet; the IEEE 802.3 MAC, and the ISO
Open System Interconnection (OSI) reference model are shown inFigure 125-1. While this standard defines
interfacesin terms of bits, octets, and frames, implementations may choose other data-path widths for imple-
mentation convenience. The only exceptions are as follows:
a) The XGMII, which, when implemented as alogiedl. interconnection port between the MAC sublayer
and the Physical Layer (PHY), uses a 32-bit-wide data path as specified in Clause 46.
b) The management interface, which, when physically implemented as the MDIO/MDC (Management
Data Input/Output and Management Data’Clock) at an observable interconnection port, uses a bit
wide data path as specified in Clause 45.

c¢) TheMDI as specified in Clause 126 for 2.5GBASE-T and 5GBASE-T uses a4 lane data path.

125.1.3 Nomenclature

The nomenclature employed\by the 2.5 Gigabit and 5 Gigabit Physical Layersis explained in the following
paragraphs.

The apha-numerictprefix 2.5GBASE in the port type (e.g., 2.5GBASE-T) represents a family of Physical
Layer devices operating at a speed of 2.5 Gh/s. The apha-numeric prefix 5GBASE in the port type (e.g.,
5GBASE-T) fepresents afamily of Physical Layer devices operating at a speed of 5 Ghy/s.

2.5GBASE-T represents Physical Layer devices using Clause 126 Physical Coding Sublayer (PCS), Physi-
cal NMedium Attachment (PMA) sublayer, and baseband medium, for transmitting 2.5 Gb/s Ethernet over a
point-to-point 4-pair balanced twisted-pair medium. 2.5GBASE-T uses low density parity check (LDPC)
REC inits Physical Coding Sublayers mapped to a PAM 16 constellation for transmission on 4-pair, twisted-
pair copper cabling.

5GBASE-T represents Physical Layer devices using Clause 126 Physical Coding Sublayer (PCS), Physical
Medlum Attachment (PMA) sublayer and baseband medlum for transm|tt|ng 5 Gb/s Ethernet over a p0| nt-

Physcal Coding Subl ayers mapped to a PAM 16 constellation for transmission on 4paw tW|sted pair cop-
per cabling.
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PCS = PHYSICAL CODING SUBLAYER * XGMII IS OPTIONAL

Figure 125-1—Architectural positioning of 2.5 Gigabit and 5 Gigabit Ethernet

125.1.4 Physical Layer signaling systems

Physical Layer deviceslisteédin Table 125-1 are defined for operation at 2.5 Gh/sand 5 Gb/s.

Table 125-1—2.5 Gb/s and 5 Gb/s PHYs

Name Description

25GBASE-T | 2.5Gb/sPHY using LDPC encoding and PAM 16 modulation over balanced twisted-pair struc-
tured cabling systems (see Clause 126)

5GBASE-T 5 Gh/s PHY using L DPC encoding and PAM 16 modul ation over balanced twisted-pair structured
cabling systems (see Clause 126)
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This standard specifies a family of Physical Layer implementations. Table 125-2 specifies the correlation
between nomenclature and clauses. Implementations conforming to one or more nomenclatures must meet
the requirements of the corresponding clauses.

Table 125-2—Nomenclature and clause correlation

Clause?

28 46 78

N
N
o
=
N
o2}

Nomenclature

Auto-Negotiation
RS
XGMII
EEE
25GBASE-T PCS/PMA
5GBASE-T PCS/IPMA

2.5GBASE-T M| M

<

<

5GBASE-T M| M

80 = Optional, M = Mandatory.

125.2 Summary of 2.5 Gigabit and 5 Gigabit Ethernet sublayers
125.2.1 Reconciliation Sublayer (RS) and Media Independent Interface

2.5 Gigabit and 5 Gigabit Ethernet use the 10 Gigabit Media Independent Interface defined in Clause 46,
with the clock scaled to their respective data,rates. The physical instantiation of the Media Independent
Interface is optional, and can be used to logicCally connect layers within adevice.

The XGMII supports 2.5 Gh/s and 5:Gb/s operation, in addition to 10 Gb/s operation, through its 32-bit wide
transmit and receive data paths. The'Reconciliation Sublayer (RS) provides a mapping between the signals
provided at the Media Independent Interface (XGMII) and the MAC/PLS service definition.

While XGMII is an optienal interface, it is used extensively in this standard as a basis for functional specifi-
cation and provides a.common service interface for the Physical Coding Sublayers defined in Clause 126.

125.2.2 Physical*Coding Sublayer (PCS)

2.5GBASE-T"and 5GBASE-T PHYs contain a 65B-LDPC PCS that maps the data transferred across the
XGM N-interface to 64B/65B blocks encoded in a 2048-bit LDPC frame. This LDPC frame is then mapped
to 512 Gray-coded PAM 16 symbols for transfer to the 4-lane PMA.

125.2.3 Physical Medium Attachment sublayer (PMA)

The PMA provides a medium-independent means for the PCS to support the use of a range of physical

media. The 2.5GBASE-T and 5GBASE-T PMASs perform the mapping of transmit and receive data streams
between the PCS and PMA viathe PMA serviceinterface. The PMA provides a medium-independent means

for the PCS to support the use of arange of physical media.
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In the case of BASE-T, the 25GBASE-T and 5GBASE-T PMAs perform the mapping of transmit and
receive data streams between the PCS and PMA viathe PMA service interface, and the mapping and multi-
plexing of transmit and receive data streams between the PMA and MDI. In addition, the PMAs perform
retiming of the received data stream when appropriate.

125.2.4 Auto-Negotiation, type BASE-T

Auto-Negotiation (Clause 28) is used by 2.5GBASE-T and 5GBASE-T devices to detect the abilities
(modes of operation) supported by the device at the other end of alink segment, determine common abili-
ties, and configure for joint operation. Auto-Negotiation is performed upon link startup through the use of ‘a
special sequence of fast link pulses.

125.2.5 Management interface (MDIO/MDC)

The optional MDIO/MDC management interface (Clause 45) provides an interconnectionm-betiveen MDIO
Manageable Devices (MMD) and Station Management (STA) entities.

125.2.6 Management

Managed objects, attributes, and actions are defined for al 2.5 Gigabit and 5\Gigabit Ethernet components.
These items are defined in Clause 30.

125.3 Delay Constraints

Predictable operation of the MAC Control PAUSE operation{(Clause 31, Annex 31B) demands that there be
an upper bound on the propagation delays through the petwork. This implies that MAC, MAC Control sub-
layer, and PHY implementers must conform to certairndelay maxima, and that network planners and admin-
istrators conform to constraints regarding the cable topology and concatenation of devices. Table 125-3
contains the values of maximum sublayer delay {(sum of transmit and receive delays at one end of the link) in
bit times as specified in 1.4 and pause_quantaias specified in 31B.2. If aPHY contains an Auto-Negotiation
sublayer, the delay of the Auto-Negotiation.sublayer isincluded within the delay of the PMD and medium.

See 31B.3.7 for PAUSE reaction timitig constraints for stations at operating speeds of 2.5 Gbh/sand 5 Gh/s.

Table 125-3—Sublayer delay constraints

Maximum Maximum Maximum
Sublayer (bittime)2 | (pause_quanta)? (n9) Notes®
2.5GBASE-T 12 800 25 5120 Does not include delay of cable
PHY medium. See 126.11.
5GBASE-T PHY 14 336 28 2867.2 Does not include delay of cable
medium. See 126.11.

aFor 2.5GBASE-T, 1 bit time (BT) is equal to 400 ps and for 5SGBASE-T, 1 it time (BT) is equal to 200 ps. (See
1.4.117 for the definition of bit time.)

b For 25GBASE-T, 1 pause_quantum is equa to 204.8 ns and for 5GBASE-T, 1 pause_quantum is equal to
102.4 ns. (See 31.B.2 for the definition of pause_quanta.)

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

58
Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved



https://standardsiso.com/api/?name=4b0368f51f6bc9bfa93dbc28b7f382c1

ISO/IEC/IEEE 8802-3:2017 /Amd.7:2017(E)

IEEE Std 802.3bz-2016
Amendment 7: Media Access Control Parameters, Physical Layers, and Management Parameters
for 2.5 Gb/s and 5 Gb/s Operation

Insert a new Clause 126 as follows:

126. Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA)

sublayer, and baseband medium, types 2.5GBASE-T and 5GBASE-T

126.1 Overview

The 2.5GBASE-T and 5GBASE-T PHY s are members of the 2.5 Gb/s and 5 Gb/s Ethernet family of highe
speed network specifications respectively. The 2.5GBASE-T PCS, PMA, and baseband medium
specifications are intended for operation over balanced twisted-pair structured cabling systems.\The
5GBASE-T PCS, PMA, and baseband medium specifications are intended for operation over\bal anced
twisted-pair structured cabling systems. 2.5GBASE-T and 5GBASE-T signaling both require,fouf pairs of
balanced cabling as specified in ISO/IEC 11801:2002 and ANSI/TIA-568-C.2.

This clause defines the types 2.5GBASE-T and 5GBASE-T PCS, PMA sublayers, anglMedium Dependent
Interfaces (MDI). Together, the PCS and PMA sublayers define a Physical l<ayer (PHY). Functional,
electrical, and mechanical specifications for the type 2.5GBASE-T PMA, 5GBASE-T PMA, and MDI are
provided in this clause. This clause aso specifies the baseband mediarused with 2.5GBASE-T and
5GBASE-T. Management functions are optionally accessible through the management interface defined in
Clause 45, or equivalent. Please refer to Table 125-2 for associated sublayers and options for assembling a
2.5 Gb/s or 5 Gb/s system with the 2.5GBASE-T or 5GBASE-T PHY ) respectively.

This clause aso specifies 2.5GBASE-T and 5GBASE-T Low+<Power Idle (LPI) as part of Energy-Efficient
Ethernet (EEE). This alows the PHY to enter a low power ‘'mode of operation during periods of low link
utilization as described in Clause 78.

2.5GBASE-T and 5GBASE-T PHY's may optionally support a fast retrain mechanism. Implementation of
the fast retrain option is recommended. Configurations wishing to disable fast retrain on the link may do so
by advertising lack of support during link startup, thus preventing the link partner from attempting fast
retrain and potentially dropping the link, see 45.2.7.10.

126.1.1 Nomenclature

The 2.5GBASE-T and 5GBASE-T PHY's described in this clause represent two distinct PHY types that
share the same PCS, PMA;“and MDI specifications subject to frequency scaling. In order to efficiently
describe the two PHY sy.the nomenclature 2.5G/5GBASE-T is used to describe specifications that apply to
both the 2.5GBASE: T -and 5GBASE-T PHY's. Additionally, for parameters that scale with the PHY s data
rate, the parameterSis used for scaling. For 25GBASE-T, S= 0.5 and for 5GBASE-T, S= 1.

126.1.2 Relationship of 2.5GBASE-T and 5GBASE-T to other standards

Thedelationships between the 2.5GBASE-T and 5GBASE-T PHY s, the ISO Open Systems I nterconnection
(OSl) reference model, and the IEEE 802.3 Ethernet model are shown in Figure 126-1. The PHY sublayers
(shown shaded) in Figure 126—1 connect the IEEE 802.3 Ethernet MAC to the medium. The 2.5GBASE-T
and 5GBASE-T PHY service interfaceis the XGMII, which is defined in Clause 46.
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Figure 126-1—Types 2.5GBASE-T and 5GBASE-T PHYs relationship to the ISO Open
Systems Interconnection (OSI) reference model and the IEEE 802.3 Ethernet model

126.1.3 Operation of 2.5GBASE-T and'5GBASE-T

The 25GBASE-T PHY and 5GBASE;T PHY each employ full duplex baseband transmission over four
pairs of balanced twisted-pair structured cabling. The aggregate data rates of 2.5 Gb/s or 5 Gb/s are achieved
by transmitting one-quarter of the-aggregate data rate in each direction simultaneously on each wire pair, as
follows in Figure 126-2. Baseband 16-level PAM signaling with a modulation rate of 200 MBd for
2.5GBASE-T and 400 MBdfor 5GBASE-T is used on each of the wire pairs. Ethernet data and control
characters are encoded at-arate of 3.125 information bits per PAM 16 symbol, along with auxiliary bits. Each
transmitted PAM 16'symbol is considered as a single one-dimensional (1D) symbol. After link startup, PHY
frames consisting“of 512 PAM16 symbols are continuously transmitted. The PAM16 symbols are
determined by 4-bit labels, each comprising 4 LDPC-encoded hits. The 512 PAM16 symbols of one PHY
frame are'transmitted as 4 x 128 PAM 16 symbols over the four wire pairs. Data and Control symbols are
embedded in a framing scheme that runs continuously after startup of the link. For 2.5GBASE-T, the
maodulation symbol rate of 200 MBd results in a symbol period of 5 ns, and for 5GBASE-T, the modulation
symbol rate of 400 MBd resultsin asymbol period of 2.5 ns.

A 2.5GBASE-T or 5GBASE-T PHY can be configured either asaMASTER PHY or asa SLAVE PHY. The
MASTER-SLAVE relationship between two stations sharing a link segment is established during Auto-
Negotiation (see Clause 28, 126.6, Annex 28B, Annex 28C, and Annex 28D). The MASTER PHY uses a
local clock to determine the timing of transmitter operations. The MASTER-SLAVE relationship includes

Toop timing. The SCAVE PHY recovers the clock 1rom the received signal and USES It 1o determing the
timing of transmitter operations, i.e., it performsloop timing, asillustrated in Figure 126-3.
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2.5GBASE-T and 5GBASE-T PHY soptionally provide support for LPI as part of EEE (see Clause 78). This
extension allows PHY sto enter an LPI mode when either the local or link partner system requestslow power
operation. The transmit and receive functions may enter and leave the LPI mode independently so that both
symmetric and asymmetric operation is supported. While the PHY isin the LPI mode, the PHY periodically

transmits a refresh signal to allow the remote PHY to refresh its receiver state (e.g., timing recovery, adap-
tive filter coefficients) and thereby track long-term variation in the timing of the link or the underlying chan-
nel characteristics. An easily detectable aert signal istransmitted to signal an end to the LPI mode. The alert
signa isfollowed by awake signal to enable arapid transition back to the normal operational mode.

2.5GBASE-T and 5GBASE-T PHY s may optionally support afast retrain mechanism. This function allows
PHY sto quickly recover from link degradation without a normal two-second retrain.

The PCS and PMA are summarized in 126.1.3.1 and 126.1.3.2. The EEE capability is summarized in
126.1.3.3. Figure 126-3 shows the functional block diagram.
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Figure 126—-2—2.5GBASE-T and 5GBASE-T topology
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NOTE 1—The recovered_clock arc is shown to indicate delivery of the received clock signal back to PMA TRANSMIT for loop timing.

NOTE 2—pcs_data_mode is required only for the EEE or fast retrain capabilities; alert_detect and rx_lIpi_active are only required for
the EEE capability; fr_active is only required for the fast retrain capability. Figures and capabilities only required for EEE are noted by
dashed boxes.

Figure 126—3—Functional block diagram
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126.1.3.1 Summary of Physical Coding Sublayer (PCS)

The 25GBASE-T or 5GBASE-T PCS couples a 10 Gigabit Media Independent Interface (XGMII), as
described in Clause 46, to the 2.5GBASE-T or 5GBASE-T Physical Medium Attachment (PMA) sublayer.

In addition to the normal mode of operation, the PCS supports a training mode. Furthermore, the PCS
contains a management interface.

In the transmit direction (see Figure 126-6), in norma mode, the PCS receives eight XGMII data octets
provided by two consecutive transfers on the XGMII service interface on TXD<31:0> and groups them inte
64-bit blocks with the 64-bit block boundaries aligned with the boundary of the two XGMII transfers,.Each
group of eight octets along with the data/control indications is transcoded into a 65-bit block. The resulting
65-bit blocks are scrambled and assembled in a group of 25 blocks, yielding an Ethernet payload-0f 25 x 65
= 1625 bits. Additionally, 97 zero-bits are appended, and aleading auxiliary bit is added to obtain'‘a block of
1723 bits.

The 1723 bits are encoded by a systematic LDPC(1723,2048) encoder, which adds 325, DPC check bitsto
form an LDPC codeword of 2048 coded bits. The 97 zero-bits are then repl aced withrvendor-defined random
data. Implementers are cautioned that insufficient randomization can impaet«neeting PMA PSD mask
requirements (see 126.5.3.4 for transmit PSD mask definition). The resulting.2048 bit LDPC frame is then
divided into 512 4-bit labels, which are mapped into PAM 16 modulation symbols.

The obtained PHY frame of 512 PAM16 symbols is passed on to the'PMA as PMA_UNITDATA .request.
The PMA transmits the PAM16 symbols over the four wire pairSin the form of 128 constituent PAM 16
symbols per pair.

In the receive direction (see Figure 126-7), in normal_imode, the PCS processes code-groups received from
the remote PHY via the PMA in 128 four-dimensiona (4D) symbol blocks and maps them to the XGMI |
service interface in the receive path. In this recelve processing scheme, symbol clock synchronization is
done by the PMA Receive function.

The signals provided by the PCS at the XGMII conform to the interface requirements of Clause 46.

Details of the PCS functions and state diagrams are covered in 126.3. The interface to the PMA is an abstract
message-passing interface specified in 126.2.

126.1.3.2 Summary of\Rhysical Medium Attachment (PMA) sublayer

The PMA couples messages from the PCS service interface onto the balanced cabling physical medium via
the Medium Dependent Interface (MDI) and provides the link management and PHY Control functions. The
PMA provides full duplex communications at 400 x SMBd over four pairs of balanced cabling up to 100 m
in length.

The®MA Transmit function comprises four transmitters to generate continuous time analog signals on each
of\the four pairs BI_DA, BI_DB, BI_DC, and Bl_DD, as described in 126.4.3.1. In normal mode, each 4D
Symbol received from the PCS Transmit function undergoes multiple stages of processing. First the symbol
goes through a Tomlinson-Harashima precoder (THP), which maps the PAM16 input (as described in
126.3.2.2.18) in each dimension of the 4D symbol into a quasi-continuous discrete-time value in the range
—16 < x< 16. This THP-processed 4D symbol stream may be further processed by a digital transmit filter
and is then passed on to four digital-to-analog converters (DACs). The DAC outputs may be further

Processed Wit contimuous tme fiiters o Tottoffthe high-frequency Spectra TESponse 1o it igh-
frequency emissions and are then applied to each of the four balanced pairs viathe MDI port.
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The PMA Receive function comprises four independent receivers for pulse-amplitude modulated signals on
each of the four pairs BI_DA, Bl_DB, BI_DC, and Bl_DD, as described in 126.4.3.2. The receivers are
responsible for acquiring symbol timing and, when operating in normal mode, for canceling echo, near-end
crosstalk, far-end crosstalk, and equalizing the signal. The 4D symbols are provided to the PCS Receive

function viathe PMA_UNITDATA. .indication message. The PMA also contains functions for Link Monitor.

The PMA PHY Control function generates signals that control the PCS and PMA sublayer operations. PHY
Control beginsfollowing the completion of Auto-Negotiation and provides the startup functions required for
successful 2.5GBASE-T and 5GBASE-T operation. PHY Control determines whether the PHY operatesin a,
normal mode, enabling data transmission over the link segment, or whether the PHY sends special PAM2
code-groups that are used in the training mode.

PMA functions and state diagrams are specified in 126.4. PMA electrical specifications are givepn126.5.

The PMA sublayer may also support a fast retrain function. The fast retrain functiomis specified in
126.4.2.5.16.

126.1.3.3 Summary of EEE capability

A 2.5GBASE-T or 5GBASE-T PHY may optionally support the EEE capability; as described in 78.1.4. The
EEE capability is a mechanism by which 2.5GBASE-T and 5GBASE-T. PHY s are able to reduce power
consumption during periods of low link utilization. PHY's can enter this‘mode of operation after reaching
PCS data mode. Each direction of the full duplex link is able to enter)and exit the LPI mode independently,
supporting symmetric and asymmetric LPI operation. This alowspower savings when only one side of the
full duplex link isin a period of low utilization. No data frames are lost or corrupted during the transition to
or from the LPI mode.

In the transmit direction, the transition to the LPI_transmit mode begins when the PCS transmit function
detects an LPI control character in all four lanes.ef two consecutive transfers of TXD[31:0] that is then
mapped into a single 64B/65B block, according o the position in the 2.5GBASE-T or 5GBASE-T LDPC
frame. Following this event asleep signal istransmitted by the PMA. The sleep signal is composed of LDPC
frames that contain only LP_IDLE 64B/65B blocks. The sleep signal indicates to the link partner that the
transmit function of the PHY is entering the LPI transmit mode. Immediately after the transmission of the
deep frames, the transmit function\of the local PHY enters the LPI transmit mode. While the transmit
function is in the LPI mode thé PHY may disable data path and control logic to save additional power.
Periodically the transmit function of the local PHY transmits refresh frames that are used by the link partner
to update adaptive filters'and timing circuits in order to maintain link integrity. The LPI mode begins with
quiet signaling or with'afull refresh period. Partial refreshes (defined as a refresh signal shorter than eight
LDPC frames) that immediately follow the transition to the LPI mode are replaced with quiet signaling. The
quiet-refresh cycle continues until the PCS function detects IDLE characters on the XGMII. These
characters signalto the PHY that the LPI transmit mode should end. The PMA Transmit function in the PHY
then sends an-alert message to the link partner. The alert signal begins on a LDPC 2-frame 256 4D-symbol
boundary-aligned to the inversion on pair A during PMA training, but has no fixed relationship to the quiet-
refrésh,cycle. The alert signal wakes the link partner from sleep. The aert signal is followed by a wake
signal, composed of LDPC frames containing only IDLE 64B/65B blocks. After a short recovery time the
normal operational mode is resumed.

In the receive direction the transition to the LPI mode is triggered when the PCS Receive function detects
LPI control characters within received LDPC frames. Thisindicates that the link partner is about to enter the
LPI transmit mode. Following these frames the link partner ceases transmission and begins quiet-refresh

Sgnating. Durmg the quiet time TS highty Tecommendet thar the focat Teceiver power of f TITCUitS to reduce
power consumption. Periodically the link partner transmits refresh frames that are used by the receiver to
update adaptive coefficients and timing circuits. This quiet-refresh cycle continues until the link partner
transmits the alert signal, initiating a transition back to the normal operational mode. The alert signal is

65
Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved



https://standardsiso.com/api/?name=4b0368f51f6bc9bfa93dbc28b7f382c1

ISO/IEC/IEEE 8802-3:2017/Amd.7:2017(E)

IEEE Std 802.3bz-2016
Amendment 7: Media Access Control Parameters, Physical Layers, and Management Parameters
for 2.5 Gb/s and 5 Gb/s Operation

detected in the PMA and signals that normal data frameswill follow. The alert signal is followed by a wake
signal that allows the local receiver time to prepare for the normal operational mode. The wake signal is
composed of repeated IDLE 64B/65B blocks. After a short recovery time the normal operational mode is
resumed.

Support for the EEE capability is advertised in the Infofield (Octet 12 bit 7) during link startup. Transitions
to and from the LPI transmit mode are controlled via XGMII signaling. Transitions to and from the LPI
receive mode are controlled by the link partner using sleep, aert, and wake signaling.

The PCS 64B/65B Transmit state diagram in Figure 126-14 and Figure 126-15 includes additional states for.
EEE. The PCS 64B/65B Receive state diagram in Figure 126-16 and Figure 126-17 includes additional
states for EEE. The EEE Transmit state diagram is contained in the PCS Transmit function and is specified
in Figure 126-18.

126.1.4 Signaling

25GBASE-T and 5GBASE-T signaling is performed by the PCS generating continuous code-group
sequences that the PMA transmits over each wire pair. The signaling scheme’ achieves a number of
objectivesincluding:

a) Forward error correction (FEC) coded symbol mapping for data.

b)  Algorithmic mapping from TXD<31:0> and TXC<3:0> to 4D symibolsin the transmit path.

c)  Algorithmic mapping from the received 4D signals on the MDI port to RXD<31:0> and RXC<3:0>
on the XGMII interface.

d) Uncorrelated symbolsin the transmitted symbol stream.

€) No correlation between symbol streams travelingbothdirections on any pair combination.

f)  No correlation between symbol streamson pair§ Bl DA, Bl_DB, BI_DC, and BI_DD.

g) Block framing and other control signals.

h)  Ability to signal the status of the local receiver to the remote PHY to indicate that the local receiver
is not operating reliably and requires retraining.

i)  Ability to automatically detect and-correct for pair swapping and crossover connections.

j)  Ability to automatically detect and correct for incorrect polarity in the connections.

k) Ability to automatically correct for differential delay variations across the wire-pairs.

[)  Ability to support refresh, quiet and alert signaling during LPI operation.

The PHY operates in two ‘modes—normal mode or training mode. In norma mode, PCS generates a
continuous stream of 4D.symbols that are transmitted viathe PMA at one of eight power levels. In training
mode, the PCS is directed to generate only PAM2 symbols for transmission by the PMA, which enable the
receiver at the othefiend to train until it is ready to operate in normal mode. (See 126.3.2.2 for description of
PCS transmit modes.)

PHYs may~also support the EEE capability as described in 126.1.3.3. Transitions to the LPI mode are
supportechafter reaching normal mode.

126)1.5 Interfaces

All 25GBASE-T and 5GBASE-T PHY implementations are compatible at the MDI and at the XGMI|, if
implemented. |mplementation of the XGMI I is optional. Designers are free to implement circuitry within the
PCS and PMA in an application-dependent manner provided that the MDI and XGMII (if the XGMII is
implemented) specifications are met. System operation from the perspective of signals at the MDI and

TTanagement Objects are faentica whether the XGVHT S Tmptemented or 1ot

66
Copyright © 2016 IEEE. All rights reserved.

© IEEE 2016 - All rights reserved



https://standardsiso.com/api/?name=4b0368f51f6bc9bfa93dbc28b7f382c1

ISO/IEC/IEEE 8802-3:2017 /Amd.7:2017(E)

IEEE Std 802.3bz-2016
Amendment 7: Media Access Control Parameters, Physical Layers, and Management Parameters
for 2.5 Gb/s and 5 Gb/s Operation

126.1.6 Conventions in this clause

The body of this clause contains state diagrams, including definitions of variables, constants, and functions.
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.

Default initializations, unless specified, are | eft to the implementer.

126.2 2.5GBASE-T and 5GBASE-T service primitives and interfaces

25GBASE-T and 5GBASE-T transfer data and control information across the following fourservice
interfaces:

a) 10 Gigahit Media Independent Interface (XGMII)
b) Technology Dependent Interface

¢) PMA serviceinterface

d) Medium dependent interface (MDI)

The XGMII is specified in Clause 46; the Technology Dependent Interface\is specified in Clause 28. The
PMA service interfaceis defined in 126.2.2 and the MDI is defined in 126.8.

126.2.1 Technology Dependent Interface

2.5GBASE-T and 5GBASE-T use the following service primitives to exchange status indications and
control signals across the Technology Dependent I nterfacglas specified in Clause 28:

PMA_LINK.request (link_control)
PMA_LINK.indication (link_status)
126.2.1.1 PMA_LINK.request

This primitive allows the Auto-Negotiation algorithm to enable and disable operation of the PMA as
specified in 28.2.6.2.

126.2.1.1.1 Semantics of the primitive
PMA_LINK.request(link_control)

The link_control parameter can take on one of three values: SCAN_FOR_CARRIER, DISABLE, or
ENABLE:

SCAN_FOR_CARRIER Used by the Auto-Negotiation algorithm prior to receiving any fast link
pulses. During this mode the PMA reports link_status=FAIL. PHY
processes are disabled.

DISABLE Set by the Auto-Negotiation algorithm in the event fast link pulses are
detected. PHY processes are disabled. This allows the Auto-Negotiation
algorithm to determine how to configure the link.

ENABLE Used by Auto-Negotiation to turn control over to the PHY for data
processing functions.
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126.2.1.1.2 When generated

Auto-Negotiation generates this primitive to indicate a change in link_control as described in Clause 28.

126.2.1.1.3 Effect of receipt
This primitive affects operation of the PMA Link Monitor function as defined in 126.4.2.6.
126.2.1.2 PMA_LINK.indication

This primitive is generated by the PMA to indicate the status of the underlying medium as specified\in
28.2.6.1. This primitive informs the Auto-Negotiation algorithm about the status of the underlying link.

126.2.1.2.1 Semantics of the primitive
PMA_LINK.indication (link_status)
The link_status parameter can take on one of two values: FAIL or OK.

FAIL No valid link established.

OK The Link Monitor function indicates that avalid 256BASE-T
or 5GBASE-T link is established. Reliable reception of signals
transmitted from the remote PHY is possible.

126.2.1.2.2 When generated

The PMA generates this primitive to indicate a change in link_status in compliance with the state diagram
given in Figure 126-29.

126.2.1.2.3 Effect of receipt
Auto-Negotiation uses this primitive to.detect a change in link_status as described in Clause 28.
126.2.2 PMA service interface

2.5GBASE-T and 5GBASE-T use the following service primitives to exchange symbol vectors, status
indications, and control(Signals across the service interfaces:

PMA_TXMODE.indication (tx_mode)

PMA~CONFIGindication (config)

PMA*UNITDATA .request (tx_symb_vector)

PMA_UNITDATA.indication (rx_symb_vector)

PMA_SCRSTATUS.request (scr_status)

PMA_PCSSTATUS.request (pcs_status)

PMA_RXSTATUS.indication (loc_rcvr_status)

PMA_REMRXSTATUS.request (rem_rcvr_status)

EEE-capable PHY s additionally support the following service primitives:

PMA_ALERTDETECT.indication (alert_detect)
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PCS RX_LPI_STATUS.request (rx_Ipi_active)

PMA_PCSDATAMODE.indication (PCS_data_maode)

Fast retrain capable PHY s additionally support the following service primitive:
PMA_FR_ACTIVE.indication (fr_active)

The use of these primitives is illustrated in Figure 126—-4. Connections from the management interface
(signals MDC and MDIO) to the sublayers are pervasive and are not shown in Figure 126-4.
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NOTE 1—PMA_PCSDATAMODE.indication is required only for the EEE or fast retrain capabilities.

NOTE 2—PMA_ALERTDETECT.indication and PCS_RX_LPI_STATUS.request are only required for the EEE
capability.

NOTE 3—PMA_FR_ACTIVE.indication is only required for the fast retrain capability.

Figure 126-4—2.5GBASE-T and 5GBASE-T service interfaces
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126.2.2.1 PMA_TXMODE.indication

The transmitter in a 2.5GBASE-T or 5GBASE-T link normally sends over the four pairs, 4D symbols that
represent an XGMII data stream with framing, scrambling and encoding of data, control information, or

idles.

126.2.2.1.1 Semantics of the primitive

PMA_TXMODE.indication (tx_mode)

PMA_TXMODE.indication specifies to PCS Transmit via the parameter tx_mode what sequence of ,cade-

groups the PCS should be transmitting. The parameter tx_mode can take on one of the following three
values of the form:

SEND_N This value is continuously asserted when transmission of sequences of
4D symbols representing an XGMII data stream in
normal mode.

SEND_T Thisvalue is continuously asserted in case transmission of sequences of

code-groups representing the training mode is to take place:

SEND_Z This value is continuously asserted in case transmissioh of zerosis required.
126.2.2.1.2 When generated

The PMA PHY Control function generates PMA_TXMODE:indication messages to indicate a change in
tx_mode.

126.2.2.1.3 Effect of receipt

Upon receipt of this primitive, the PCS performsits transmit function as described in 126.3.2.2.

126.2.2.2 PMA_CONFIG.indication

Each PHY in a 25GBASE-T or 5GBASE-T link is capable of operating as a MASTER PHY and as a
SLAVE PHY. MASTER-SLAV.Econfiguration is determined during Auto-Negotiation (126.6.1). The result
of this negotiation is provided tothe PMA.

126.2.2.2.1 Semantics)of the primitive

PMA_CONFIGindication (config)

PMA_CONFIGindication specifies to PCS and PMA Transmit via the parameter config whether the PHY
operatesiasa MASTER PHY or as a SLAVE PHY. The parameter config can take on one of the following

twoyalues of the form:

MASTER Thisvalueis continuously asserted when the PHY operates asa MASTER PHY.
SLAVE This value is continuously asserted when the PHY operatesasa SLAVE PHY.

126.2.2.2.2 When generated

PMA generates PMA_CONFIGindication messages to indicate a change in config.
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126.2.2.2.3 Effect of receipt

PCS and PMA Clock Recovery perform their functionsin MASTER or SLAVE configuration according to
the value assumed by the parameter config.

126.2.2.3 PMA_UNITDATA.request

This primitive defines the transfer of code-groups in the form of the tx_symb_vector parameter from the
PCS to the PMA. The code-groups are obtained in the PCS Transmit function using the encoding rules
defined in 126.3.2.2 to represent XGMI| data and control streams or other sequences.

126.2.2.3.1 Semantics of the primitive
PMA_UNITDATA. .request (tx_symb_vector)

During transmission, the PMA_UNITDATA. .request simultaneously conveys to the PM-A.via the parameter
tx_symb_vector the value of the symbols to be sent over each of the four transmit Qairs BI_DA, Bl_DB,
BI_DC, and BI_DD. For EEE-capable PHY's, the vector aso requests the PMA t0send the ALERT signal
during LPI. The tx_symb_vector parameter takes on the following form:

SYMB_4D A vector of four multi-level symbols, one for each of the four transmit pairs
Bl_DA, BI_DB, BI_DC, and BI_DD. In normaleperation, each symbol

may take on one of the valuesin the set {-15, 13, -11, -9, -7,-5,-3,-1, 1, 3,5, 7,
9, 11, 13, 15}. The symbols may additionally take the value O when zeros are to be
transmitted in the following two cases{ 1) when PMA_TXMODE.indication is
SEND_Z during PMA training, and2) after data mode is reached, the transmit
functionisin the LPI transmit mode and Ipi_tx_mode is QUIET

ALERT A vector used to indicate that the PMA should transmit the alert sequence.
ALERT is asserted foratime equal to 8 LDPC frames.

The symbols that are elements of. tx>.symb_vector are called, according to the pair on which each is
transmitted,  tx_symb_vector[BI~DA], tx_symb_vector[BI_DB], tx_symb vector[BI_DC], and
tx_symb_vector[BI_DD].

126.2.2.3.2 When generated

The PCS generatesPMA_UNITDATA.reguest synchronously with every transmit clock cycle.

126.2.2.3.3 Effect of receipt

Upon reeeipt of this primitive the PMA transmits on the MDI the signals corresponding to the indicated
symbels after processing with the THPR, the transmit filter and other specified PMA Transmit processing.
The parameter tx_symb_vector isalso used by the PMA Receive function to process the signals received on
pairs BI_DA, Bl_DB, BlI_DC, and BI_DD for canceling the echo and near-end crosstalk (NEXT).
126.2.2.4 PMA_UNITDATA.indication

This primitive defines the transfer of code-groups in the form of the rx_symb_vector parameter from the

FIVIA 10 e FLo.
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126.2.2.4.1 Semantics of the primitive

PMA_UNITDATA.indication (rx_symb_vector)

During reception the PMA_UNITDATA.indication simultaneously conveys to the PCS via the parameter
rx_symb_vector the values of the symbols detected on each of the four receive pairs BI_DA, Bl_DB,
BlI_DC, and BI_DD. Therx_symb_vector parameter takes on the following form:

SYMB_4D A vector of the four 1D symbols that is the receiver’s best estimate of the symbols that
were sent by the remote transmitter across the four pairs with reliability measures.

126.2.2.4.2 When generated

The PMA generates PMA_UNITDATA.indication (SYMB_4D) messages synchronously,-every four
symbols received at the MDI. The nomina rate of the PMA_UNITDATA.indication “primitive is
Sx 400 MHz, as governed by the recovered clock.

126.2.2.4.3 Effect of receipt

The effect of receipt of this primitive is unspecified.

126.2.2.5 PMA_SCRSTATUS.request

This primitiveis generated by PCS Receive to communi cate the status of the descrambler for the local PHY.
The parameter scr_status conveys to the PMA Receive function the information that the training mode
descrambler has achieved synchronization.

126.2.2.5.1 Semantics of the primitive

PMA_SCRSTATUS.request (scr_status)

The scr_status parameter can take on ong of*the following two values of the form:

OK The training-mode descrambler has achieved synchronization.

NOT_OK The training mode descrambler is not synchronized.
126.2.2.5.2 When generated
PCS Receive generates PMA_SCRSTATUS.request messages to indicate achange in scr_status.
126.2.2.5.3 Effect of receipt
The effect of receipt of this primitiveis specified in 126.4.2.4, 126.4.2.5, and 126.4.6.1.
126°2.2.6 PMA_PCSSTATUS.request
This primitive is generated by PCS Receive to indicate the fully operational state of the PCS for the local

PHY. The parameter pcs_status conveys to the PMA Receive function the information that the PCS is
operating reliably in data mode.

126.2.2.6.1 Semantics of the primitive

PMA_PCSSTATUS.request (pcs_status)
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The pcs_status parameter can take on one of the following two values of the form:

OK The PCS is operating reliably in data mode.

NOT QK The PCSisnaot nlnnr:\'ring rplinhly indatamaode

126.2.2.6.2 When generated

PCS Receive generates PMA_PCSSTATUS.request messages to indicate a change in pcs_status.
126.2.2.6.3 Effect of receipt

The effect of receipt of this primitiveis specified in 126.4.6.

126.2.2.7 PMA_RXSTATUS.indication

This primitive is generated by PMA Receive to indicate the status of the receive link ab’the local PHY. The
parameter loc_rcvr_status conveys to the PCS Transmit, PCS Receive, PMA PHY Control function, and
Link Monitor the information on whether the status of the overall receive link/is‘satisfactory or not. Note
that loc_rcvr_status is used by the PCS Receive decoding functions. The criterign for setting the parameter
loc_rcvr_statusis left to the implementer. It can be based, for example, on-observing the mean-square error
at the decision point of the receiver and detecting errors during reception.of-symbol streams.

126.2.2.7.1 Semantics of the primitive

PMA_RXSTATUS.indication (loc_rcvr_status)

Theloc_rcvr_status parameter can take on one of thefollewing two values of the form:

OK Thisvalueis asserted and.remains true during reliable operation of the receive
link for the local PHY.
NOT_OK This value is assertedwhenever operation of the link for the local PHY isunreliable.

126.2.2.7.2 When generated

PMA Receive generates PMA_RXSTATUS.indication messages to indicate a change in loc_rcvr_status on
the basis of signals received-at the MDI.

126.2.2.7.3 Effect.of-receipt
The effect of receipt of this primitiveis specified in Figure 126-26 and in 126.2 and 126.4.6.3.
126.2.2.8' PMA_REMRXSTATUS.request

Thisprimitive is generated by PCS Receive to indicate the status of the receive link at the remote PHY as
communicated by the remote PHY via its encoding of its loc_rcvr_status parameter. The parameter
rem_rcvr_status conveysto the PMA PHY Control function the information on whether reliable operation of
the remote PHY is detected or not. The criterion for setting the parameter rem_rcvr_status is left to the
implementer. It can be based, for example, on asserting rem_rcvr_statusisNOT_OK until loc_rcvr_statusis
OK and then asserting the detected value of rem_rcvr_status after proper PCS Receive decoding is achieved.

126.2.2.8.1 Semantics of the primitive

PMA_REMRXSTATUS.request (rem_rcvr_status)
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Therem_rcvr_status parameter can take on one of the following two values of the form:

OK Thereceive link for the remote PHY is operating reliably.

NOT QK Reliahle gperation of the receive link for the remate PHY isnot detected

126.2.2.8.2 When generated

The PCS generates PMA_REMRXSTATUS.request messages to indicate achangein rem_rcvr_status on the
basis of signals received at the MDI.

126.2.2.8.3 Effect of receipt

The effect of receipt of this primitive is specified in Figure 126-26.

126.2.2.9 PMA_ALERTDETECT.indication

This primitive is generated by PMA Receive to indicate the status of the receive link atthe local PHY when
rx_Ipi_active is TRUE. The parameter alert_detect conveys to the PCS reegeive function information
regarding the detection of the LPI aert signal by the PMA receive function_ 1 he criterion for setting the
parameter aert_detect is left to the implementer.

126.2.2.9.1 Semantics of the primitive

PMA_ALERTDETECT.indication (alert_detect)

The dert_detect parameter can take on one of the following two va ues of the form:

TRUE The aert signal has been reliably detected at the local receiver.
FALSE The dlert signal at the local receiver has not been detected.

126.2.2.9.2 When generated

The PMA generates PMA_ALERTDETECT.indication messages to indicate a change in the aert_detect
status.

126.2.2.9.3 Effect of receipt

The effect of receipt, of this primitive is specified in 126.3.2.3, Figure 126-16, and Figure 126-17.
126.2.2.10 PCS” RX_LPI_STATUS.request

When thePHY supports the EEE capability this primitive is generated by the PCS receive function to
indicate the status of the receive link at the local PHY. The parameter PCS RX_LPI_STATUS.request
convéys to the PCS transmit and PMA receive functions information regarding whether the receive function
iS7in the LPI receive mode. The parameter is generated by the Receive 64B/65B state diagram in
Figure 126-16.

126.2.2.10.1 Semantics of the primitive

[ mAVA DL CTATLL

DG 1 Tl (al P4 Lot 'H Y
FOOd TWA_LTT_OTATUOTUYUCTOU(TA_THI_ACLTVE)

The rx_lpi_active parameter can take on one of the following two values of the form:
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TRUE The receive function isin the LPI receive mode.

FALSE The receive function is not in the LPI receive mode.

126 22 10 2 \When gnnnrnfnd

The PCS generates PCS _RX_LPI_STATUS.request messages to indicate a change in the rx_|lpi_active
variable as determined by the receive state diagram in Figure 126-16.

126.2.2.10.3 Effect of receipt

The effect of receipt of this primitive is specified in 126.3.2.3 and Figure 126-30.

126.2.2.11 PMA_PCSDATAMODE.indication

This primitive indicates whether or not the PCS state diagrams are able to transition from-their initialization
states. The pcs_data_mode variable is generated by the PMA PHY Control function. [tG5passed to the PCS
Control function viathe PMA_PCSDATAMODE.indication primitive.

126.2.2.11.1 Semantics of the primitive

PMA_PCSDATAMODE.indication (pcs_data_mode)

The pcs_data_mode parameter can take on one of the following two-values of the form:

TRUE PHY isin state PCS_Data (see Figure 126-26).
FALSE PCSisnot in state PCS_Data (see kigure 126-26).

126.2.2.11.2 When generated

The PMA PHY Control function generates PMA PCSDATAMODE.indication messages continuously.
126.2.2.11.3 Effect of receipt

Upon receipt of this primitive, the PCS performs its transmit function as described in 126.3.2.2.

126.2.2.12 PMA_FR_ACTIVE.indication

This primitive indicates Whether or not the PMA is currently performing afast retrain. The fr_active variable
is generated by the PMA PHY Control function. It is passed to the PCS Receive Control function via the
PMA_FR_ACTIVE.indication primitive. This primitive is only supported by PHYs with the fast retrain
capability.

126.2:2.12.1 Semantics of the primitive

PMA_FR_ACTIVE.indication (fr_active)

The fr_active parameter can take on one of the following two values of the form:

TRUE PHY iscurrently performing afast retrain.
FALSE PCSis not currently performing afast retrain.
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126.2.2.12.2 When generated

The PMA PHY Control function generates PMA_FR_ACTIVE.indication messages continuously.

126.2.2.12.3 Effect of receipt

The effect of receipt of this primitive is specified in Figure 126-16.

126.3 Physical Coding Sublayer (PCS)
126.3.1 PCS service interface (XGMII)

The PCS serviceinterface allows the 2.5GBASE-T or 5GBASE-T PCSto transfer information to and from a
PCS client. The PCS Interface is precisely defined as the 10 Gigabit Media Independent Interface (XGMII)
in Clause 46.

126.3.2 PCS functions

The PCS comprises one PCS Reset function and two simultaneous and asyriehronous operating functions.
The PCS operating functions are: PCS Transmit and PCS Receive. All operating functions start immediately
after the successful completion of the PCS Reset function.

The PCS reference diagram, Figure 126-5, shows how the two operating functions relate to the messages of
the PCS-PMA interface. Connections from the management dinterface (signals MDC and MDIO) to other
layers are pervasive and are not shown in Figure 126-5.
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NOTE 1—pcs_data_mode is requiredtonly for the EEE or fast retrain capabilities.
NOTE 2—alert_detect and rx_lIpi.active are only required for the EEE capability.
NOTE 3—fr_active is only required for the fast retrain capability.

Figure 126-5—PCS reference diagram

126.3.2.1 PCS-Reset function

PCS Reset~initializes all PCS functions. The PCS Reset function shall be executed whenever one of the
following,eonditions occur:

a))~ Power on (see 126.3.6.2.2).
b) Thereceipt of arequest for reset from the management entity.

PCS Reset sets pcs_reset = true while any of the above reset conditions hold true. All state diagrams take the
open-ended pcs_reset branch upon execution of PCS Reset. The reference diagrams do not explicitly show
the PCS Reset function.
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126.3.2.2 PCS Transmit function

The PCS Transmit function shall conform to the PCS 64B/65B Transmit state diagram in Figure 126-14 and
the PCS Transmit bit ordering in Figure 126-6.

Dashed rectangles in Figure 12614 and Figure 126—15 are used to indicate states and state transitionsin the
PCS 64B/65B Transmit state diagram that shall be supported by PHY's with the EEE capability. PHYs
without the EEE capability do not support these transitions.

When communicating with the XGMII, the PCS uses a 4-octet-wide, synchronous data path, with packét
delimiting being provided by transmit control signals and receive control signals. Alignment to 64B/65BYis
performed in the PCS. The PMA sublayer operates independently of block and packet boundaries. The PCS
provides the functions necessary to map packets between the XGMII format and the PMA servieeinterface
format.

When the transmit channel isin normal mode, the PCS Transmit process continuously generates 65B blocks
based upon the TXD <31:0> and TXC <3:0> signals on the XGMII. The subsequentfunctions of the PCS
Transmit process then scramble the bits of the 65B blocks, pack the resulting scrambled blocks, append 97
zeros, and attach a leading aux channel bit, all of which are then processed by~atow density parity check
(LDPC) encoder. The appended zeros are then replaced by vendor discrétienary randomized bits. The
resulting 2048-bit LDPC frame is then mapped into PAM16 symbols., Transmit data-units are sent to the
PMA service interface viathe PMA_UNITDATA.request primitive.

In each symbol period, when communicating with the PMA, the PCS Transmit generates a code-group (A,
B, Cp, Dy that istransferred to the PMA viathe PMA_UNITDATA .request primitive. The PMA transmits
symbols A, B, C,,, D,, over wire-pairs BI_DA, BI_DB, B]_DC, and BI_DD respectively. The integer, n, is
atime index that is introduced to establish a tempord Telationship between different symbol periods. A
symbol period, T, is2.5/Sns.

If aPMA_TXMODE.indication message has the.value SEND_Z, PCS Transmit passes a vector of zeros at
each symbol period to the PMA viathe PMASUNITDATA .request primitive.

If a PMA_TXMODE.indication message has the value SEND_T, PCS Transmit generates sequences of
code-groups (TA,, TBy,, TC,, TDy) tefined in 126.3.4.2 to the PMA via the PMA_UNITDATA .request
primitive. These code-groups aré_used for training mode and only transmit the values {9, 9} to keep the
transmit power in the traininglmode the same as the transmit power in normal mode.

During training mode‘an Infofield is transmitted at regular intervals containing messages for startup
operation. By this mechanism, a PHY indicates the status of its own receiver to the link partner and makes
requests for remotetransmitter settings. (See 126.4.2.5.)

In the normal-mode of operation, the PMA_TXMODE.indication message has the value SEND_N, and the
PCS Tfansmit function uses a 65B-LDPC coding to generate at each symbol period code-groups that
représent data or control. During transmission, the 65B encoded bits are scrambled by the PCS using a PCS
sCrambler, 97 zero bits and an auxiliary bit are added, then frames are encoded into a code-group of 4D
Symbols and transferred to the PMA. During data encoding, PCS Transmit utilizes an LDPC frame encoder.

After reaching the normal mode of operation, EEE-capable PHY's may enter the LPI transmit mode under
the control of the MAC via the XGMII. The EEE Transmit state diagram is contained within the PCS
Transmit function. The EEE capability is described in 126.3.2.2.19.
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126.3.2.2.1 Use of blocks

The PCS trandates between XGMII signals and 65-bit blocks inserted within an LDPC frame using a
65B-LDPC coding scheme. The PAM2 PMA training frame synchronization allow establishment of LDPC

frame and 65B boundaries by the PCS Synchronization process. Blocks and frames are unobservable and
have no meaning outside the PCS. During the LPI mode, LDPC frame boundaries delimit sleep, wake,
refresh, quiet, and aert cycles. The PCS functions ENCODE and DECODE generate, manipulate, and
interpret blocks and frames as provided by therulesin 126.3.2.2.2.

126.3.2.2.2 65B-LDPC transmission code

The PCS uses a transmission code to improve the transmission characteristics of information.to be
transferred across the link and to support transmission of control and data characters. In addition,.the code
enables the receiver to achieve PCS synchronization alignment on the incoming PHY hit stream.

The relationship of block bit positions to XGMII, PMA, and other PCS construets)is illustrated in
Figure 1266 for transmit and Figure 126—7 for receive. These figures illustraté)the processing of a
multiplicity of blocks containing 8 data octets. See 126.3.2.2.5 for information,en how blocks containing
control characters are mapped.

126.3.2.2.3 Notation conventions
For vaues shown as binary, the leftmost bit is the first transmitted Kit.

64B/65B encodes 8 data octets or control characters into a bloek. Blocks containing control characters also
contain ablock type field. Data octets are labeled D to D7, Control characters other than /O/, /S/ and /T/ are
labeled Cy to Cy. The control character for ordered set iSlabeled as Og or O,4 sinceitisonly valid on thefirst
octet of the XGMII. The control character for start isllabeled as S, or S, for the same reason. The control
character for terminate islabeled as Ty to T+

Two consecutive XGMII transfers provides-etght characters that are encoded into one 65-bit transmission
block. The subscript in the above labels indicates the position of the character in the eight characters from
the XGMII transfers.

Contents of block type fields, ‘data octets and control characters are shown in hexadecimal notation. The
LSB of the equivalent binary-value represents the first transmitted bit. For instance, the block type field
Ox1E is sent from left_towright as 01111000. The bits of a transmitted or received block are labeled
TxB<64:0> and RxB<64:0> respectively where TxB<0> and RxB<0> represent the first transmitted bit.
The value of the data/ctrl header is shown as a binary value. Binary values are shown with the first
transmitted bit (the L SB) on the left.

126.3.2.2°4 Transmission order

The®€S Transmit bit ordering shall conform to Figure 126-6. Note that this figure shows the mapping from
XGMII to 64B/65B block for a block containing eight data characters.

126.3.2.2.5 Block structure

Blocks consist of 65 bits. The first bit of a block is the data/ctrl header. Blocks are either data blocks or
control blocks. The data/ctrl header is O for data blocks and 1 for control blocks. The remainder of the block

Tontams the paytoad:

Data blocks contain eight data characters. Control blocks begin with an 8-bit block type field that indicates
the format of the remainder of the block. For control blocks containing a Start or Terminate character, that
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First transfer Second transfer
TXD<0> IXD<?21 IXD<O> IXD<31>

N

XGMII |III|III‘II||II|‘IIIIIII‘|||IIII| IIIIIIIII|III|IIIIIIIIIIIIII
Data/Ctrl header
tx_coded<0> tX_ coded<64>
Output of encoder R e  EESNEERE T . . . .
funCtlonGSBbl()Ck ‘qllllll|||DI]:||||||D12|||||I|IIII |||l||||||ll|||||lll||||l|||
(see Figure 126-14
and 126-15) L Scrambler
Outputofscrambled LN I N N O O O O O O O A B B B
658 block I\q......4...8.1...\...S:%..\...S.%..\...8.4..\...8.5...\...Sﬁ..\...S.?..
.4
TXB<O> TxB<64>
Aggregate 25 65B blocks, append 97 zefos
auxiliary bit
‘ 65B block 1 | 658 block 2 ‘ ee e ] 658 block 25 | 97 zeros
LDPC(1723,2048) encoder
LDPC frame ' 512x4 |_Dplcycc')déd' bIItS s }4 Replace 97 zeros
Random fill bits
Bit mapper: 4 bit gray-coded symbols to PAM16
Pair'A |PAM16<0> 'PAM16<4> PAM16<8> PAM16<12> .. PAM16<504> PAM16<508>
PMA service Pair B |PAM16<1> 'PAM16<5> PAM16<9> PAM16<13> .. PAM16<505> PAM16<509>
interface Pair C |PAM16<2> 'PAM16<6> "PAM16<10> PAM16<14> =  PAM16<506> PAM16<510>
Pair D |PAM16<3> 'PAM16<7> PAM16<1l> PAM16<15> ~  PAM16<507> PAM16<511>
4D-PAM16<0> 4D-PAM16<127>

NOTE— This figure shows the mapping from the XGMII to a 64B/65B block for a block con-
taining eight data characters.

Figure 126-6—PCS Transmit bit ordering
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RXD<0> First transfer BYN<21>  BRYXN<O Second transfer pyn<a1
XGM” llllllllllllllll‘lllllllIII|III III|IIIIII|IIIIII|IIIIII|III
Data/Ctrl header
rX_ coded<0> rX_ coded<64>
Input to decoder
funCtionestIOCk |HOIIIIII*IIIQ%II‘II|||||III|IIIIIIIIIIIII|III|||||||III|III
(see Figure 126-16
and 126-17) > Descrambler
Input to descrambler
function
“q 7‘ ‘SZ‘S3’S4‘SS‘SG’S7|
RXB<0> Separate 25 65B blocks, RxB<64>
Discard auxiliary bit and
97 trailing zeros
Blocks in LDPC 658 block 1 | 658 block 2 ’ e oo ‘ 65B block 25 | 97 zeros
decoded frame
_>| - OV 1723 decoded bits
LDPC decoded frame

[ LDPC decode }J
LDPC received frame .LPPC. fra.me. L

rx 4D-PAM16<0> rx 4D-PAM16<127>

Frame sync

rx_symb_vector<0> (PMA)  rX_symb_vector<127> (PMA)

PMA sérvice interface

NOTE 1—This figure shows the mapping from a 64B/65B block for a block containing eight
data characters to the XGMII.

NOTE 2—Conversion from 4DPAM-16 symbols to bits occurs in the LDPC decoder.

Figure 126—-7—PCS Receive bit ordering
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character isimplied by the block type field. Other control characters are encoded in a 7-bit control code or a
4-bit O Code. Each control block contains eight characters.

The format of the blocksis as follows in Figure 126-8. In the figure, the column labeled Input Data shows,

in abbreviated form, the eight characters used to create the 65-bit block. These characters are either data
characters or control characters and, when transferred across the XGMI|I interface, the corresponding TXC
or RXC hit is set accordingly. Within the Input Data column, Dy through D; are data octets and are
transferred with the corresponding TXC or RXC bit set to zero. All other characters are control octets and
are transferred with the corresponding TXC or RXC hit set to one. The single bit fields (thin rectangles with
no label in the figure) are sent as zero and ignored upon receipt.

Bits and field positions are shown with the least significant bit on the left. Hexadecimal numbers are.shown
prepended with ‘Ox’, and with the least significant digit on the right. For example the block typefield Ox1E
is sent as 01111000 representing bits 1 through 8 of the 65-bit block. The least significant bit foreach field is
placed in the lowest numbered position of the field.

All unused values of block type field are reserved.*
126.3.2.2.6 Control codes

The same set of control characters are supported by the XGMII, 2.5GBASE-T and 5GBASE-T PCS. The
representations of the control characters are the control codes. The XGMMH encodes a control character into
an octet (an 8-bit value). The 2.5GBASE-T and 5GBASE-T PCS encode the start and terminate control
characters implicitly by the block type field. The 2.5GBASE-T and)5GBASE-T PCS encode the ordered set
control codes using a combination of the block type field and a 4-bit O code for each ordered set. The
2.5GBASE-T and 5GBASE-T PCS encode each of the othier control charactersinto a 7-bit C code.

The control characters and their mappings to 2.5GBASE-T and 5GBASE-T control codes and XGMII
control codes are specified in Table 126-1. All XGMII, 2.5GBASE-T and 5GBASE-T control code values
that do not appear in the table shall not be transmitted and shall be treated as an error if received.

126.3.2.2.7 Ordered sets

Ordered sets are used to extend the-ability to send control and status information over the link such as remote
fault and local fault status. Ordéred sets consist of a control character followed by three data characters.
Ordered sets always begin on-the first octet of the XGMII. One kind of ordered set is used for 2.5 and 5
Gigahit Ethernet—the sequence ordered set (see 46.3.4). The sequence ordered set control character is
denoted /Q/. An additional ordered set, the signal ordered set, has been reserved and it begins with another
control code. The 4:hit*O field encodes the control code. See Table 1261 for the mappings.

126.3.2.2.8 (dle (/1)

Idle control characters (/I/) are transmitted when idle control characters are received from the XGMII. Idle
charaeters may be added or deleted by the PCS to adapt between clock rates. /I/ insertion and deletion shall
otcur in groups of 4. /1/s may be added following idle or ordered sets. They shall not be added while datais
being received. When deleting /I/s, the first four characters after a/T/ shall not be deleted.

“The block type field values have been chosen to have a 4-bit Hamming distance between them. The only unused value that maintains
the Hamming distance is 0x00.
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Input Data dgha Block Payload
header]
Bit Position:| 0 |1 64
Data Block Format:
Do Dy D, Dy/D, D5 Dg D7 | O Do D; ‘ D, ‘ Dg ‘ D, ‘ Ds ‘ De ‘ D,
Control Block Formats: Block
CoC1C,Cq/C4C5CsCy | 1 | OXIE Co C [ Cs Cs ‘ Cs ‘ Ceo ’ [
CoC1C,C4/0,DsDgD; | 1 | Ox2D Co ) C, Cs N Ds De D7
CoC1C,CalS4DsDgD, | 1 | 0x33 Co C, C, Cs Ds De D,
OgD; D, Dy/S,DsDgD; | 1 | ox66 Dy D, Ds 0y Ds De D,
0O D; D, D3/0, D5 Dg D7 | 1 0x55 Dy D, Ds 0y | O4 Ds D¢ D,
SgD; D, Da/Dy DsDgD; | 1 0x78 D, D, Ds D, Ds De D,
0pD1D,D4/C4CsCsC, | 1 | OxaB D, D, Ds 0y | Ca [ Ce c;
ToC1CyCalC4CsCsCy | 1 | oOxa7 ‘ ‘ ‘ ‘ ‘ ‘ ‘ c c, Cs Cq Cs Ce c,
DoT,C,Ca/CsC5CsCy | 1 0x99 Do ‘ ‘ ‘ ‘ ‘ C, Cs Cs Cs Ce c,
DoD;T2C4/C4C5CsCy | 1 OXAA Do D, ‘ | ‘ ‘ Cs C, Cs Ce c,
DoD; D, T5/C,C5CsCy | 1 | oxB4 Do D; D, j l l Cq Cs Cs c,
DoD1D2DaT,CsCsC; | 1 | oxcc Do D, D4 D3 | | Cs Ce c,
DoD; D Dg/D,TsCsCy | 1 | oxD2 Do D, D, D3 D, ‘ Cs c;
DoD1D, DD, DsTeC; | 1 | oxE1 Do D, D, Dy D, Ds c;
DoD1D,Dy/D,;DsDg T, | 1 | OxFF Do Dy D, Dg D, Ds De

Figure 126~8—64B/65B block formats

Table 126—-1—Control codes

. XGMII 2.5G/5GBASE-T 2.5G/5GBASE-T
Control char acter Notation control codes control codes O code

idle n 0x07 0x00
LPl LI/ 0x06 0x06
start IS OxFB Encoded by block type

field
terminate T/ OxFD Encoded by block type

field
error 1E/ OXFE Ox1E
Sequence ordered set 1Q/ 0x9C Encoded by block type | 0xO

field plus O code
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Table 126-1—Control codes (continued)

Control character Notation o r?‘irC:)'IVIclol des Z'ECC;{ tsrcng é‘)g’gs'-r Z'SGngE(';‘eSE'T
reserved0 0x1C 0x2D
reservedl 0x3C 0x33
reserved2 0x7C 0x4B
reserved3 0xBC 0x55
reserved4 0xDC 0x66
reserved5 OxF7 0x78
Signal ordered set® [Fsig/ 0x5C Encoded by block type | OxF
field plus O code

8Reserved for INCITS T11 Fibre Channel use.

126.3.2.2.9 LPI (/L1))

Low power idle (LPI) control characters (/L1/) on the XGMIINindicate that the LPI client is requesting
operation in the LPI transmit mode. A continuous stream of ICBI' control characters (/LI/) is used to maintain
alink in the LPI transmit mode. Idle control characters (/l/) are used to transition from the LPI transmit
mode to the normal mode. PHY s that support EEE respond to the LPI XGMII control characters using the
procedure outlined in 126.1.3.3. LPI characters may. be added or deleted by the PCS to adapt between clock
rates. /L1/ insertion and deletion shall occur in greups of four. /L1/s may be added following low power idle
characters. They shall not be added while datais being received.

If EEE is not supported, then /LI/ is not.avalid control character.
126.3.2.2.10 Start (/S/)

The start control character. ({S) indicates the start of apacket. This delimiter isonly valid on the first octet of
the XGMII (TXD<7:0¥ and RXD<7:0>). Receipt of an /S/ on any other octet of TXD indicates an error.
Block typefield values implicitly encode an /S/ as the fifth or first character of the block. These are the only
characters of a blegk on which a start can occur.

126.3.2.2.12Ferminate (/T/)

The terminate control character (/T/) indicates the end of a packet. Since packets may be any length, the /T/
canoecur on any octet of the XGMI I interface and within any character of the block. The location of the /T/
in-the block is implicitly encoded in the block type field. A valid end of packet occurs when a block
containing a/T/ isfollowed by a control block that does not contain a/T/.

126.3.2.2.12 ordered set (/O/)

The ordered set control characters (/O/) indicate the start of an ordered set. There are two kinds of ordered

sets: the sequence ordered set and the signal ordered set (which is reserved). When it is necessary to
designate the control character for the sequence ordered set specificaly, /Q/ is used. /O/ is only valid on the
first octet of the XGMII. Receipt of an /O/ on any other octet of TXD indicates an error. Block type field
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values implicitly encode an /O/ as the first or fifth character of the block. The 4-bit O code encodes the
specific /O/ character for the ordered set.

Sequence ordered sets may be deleted by the PCS to adapt between clock rates. Such deletion shall only

occur when two consecutive sequence ordered sets have been received and shall delete only one of the two.
Only Idles may be inserted for clock compensation. Signal ordered sets are not deleted for clock
compensation.

126.3.2.2.13 Error (/E/)

The /E/ is sent whenever an /E/ is received. The /E/ allows physical sublayers such as the PCS to propagate
received errors. See R_BLOCK_TYPE and T_BLOCK _TY PE function definitionsin 126.3.6.2.4 forfurther
information.

126.3.2.2.14 Transmit process

The transmit process generates blocks based upon the TXD<31:0> and TXC<3:0> signals received from the
XGMII. Two XGMII data transfers are encoded into each block. 50 XGMI| datatransfers are encoded into
an LDPC frame. It takes 128 PMA_UNITDATA transfers to send an LDPC frame-of data. Therefore, if the
PCS is connected to an XGMII and PMA sublayer where the ratio of their ttansfer rates is exactly 25:64,
then the transmit process does not need to perform rate adaptation. Wherethe XGMII and PMA sublayer
data rates are not synchronized to that ratio, the transmit process needs to/insert idles, delete idles, or delete
sequence ordered sets to adapt between the rates.

The transmit process generates blocks as specified in the:RPCS 64B/65B Transmit state diagram (see
Figure 126-16 and Figure 126-17). The contents of each’block are contained in a vector tx_coded<64:0>,
which is passed to the scrambler. tx_coded<0> contaifis'the data/ctrl header and the remainder of the bits
contain the block payload.

126.3.2.2.15 PCS Scrambler

The payload of the PCS PHY frameis scrambled with a self-synchronizing scrambler. The scrambler for the

MASTER shall produce the same result; as the implementation shown in Figure 126-9. Thisimplements the
scrambler polynomial:®

G(x) = 1+x2+x® (126-1)

The scrambler for the SCAVE shall produce the same result as the implementation shown in Figure 126-9.
This implements the'scrambler polynomial:

G(x) =1 ¥x2+x> (126-2)

Thegnitial seed values for the MASTER and SLAVE are left to the implementer. The scrambler is run
cantintously on al payload bits.

126.3.2.2.16 LDPC framing and LDPC encoder

The resulting payload of scrambled 25 65B blocks, followed by the 97 zero bits and preceded by 1 auxiliary
bit resultsin atotal payload of 25 x 65 + 97 +1 = 1723 bits. The use of the auxiliary bit isfor vendor-specific

5The convention here, which considers the most recent it into the scrambler to be the lowest order term, is consistent with most refer-
ences and with other scramblers shown in this standard. Some references consider the most recent bit into the scrambler to be the high-
est order term and would therefore identify this as the inverse of the polynomial in Equation (126-1). In case of doubt, note that the
conformance requirement is based on the representation of the scrambler in the figure rather than the polynomial equation.
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PCS scrambler employed by the MASTER

Serial datainput

P )=
SO Sl | ) S2 _>()$_> 8381 S39 _>Ss_, S56 || S57

Y

Scrambled data output

PCS scrambler employed by the SLAVE

Serial datainput

P D
S0 SL | S2 [ w smf, S19 | (¢ g S56 | | S57

Y

Scrambled data output

Figure 126-9—MASTER and SLAVE PCS scramblers

communication is outside the scope of .this document. For the purposes of this standard it is ignored by the
link partner. The 1723 bits shall be enceded by the LDPC(1723, 2048) generator matrix G. G is described in
Annex 55A.

The LDPC encoding takes the*1723 bit input code vector X = [Xg X1 X5 ... X1729], and shall generate the 2048
bit codeword c representedby the matrix multiplication ¢ = x x G. For both x and ¢ the leftmost element of
the vector isthefirst bit into the LDPC encoder and the first transmitted bit.

126.3.2.2.17-Substitution for zero-bit fill

The 2048.LDPC-coded bhits output from the LDPC encoder in Figure 1266 are then divided into three
groups:. the first 1626 bits, representing the auxiliary bit and the 25 scrambled 65B blocks of Ethernet pay-
load; -the subsequent 97 hits, representing the zero-fill added prior to encoding, and the subsequent 325
LDPC check bits. The group of 97 zero-fill bits are then replaced by vendor discretionary, randomized bits.
The randomized fill bits should approximate the autocorrelation properties of the PCS scrambler described
in 126.3.2.2.15, so as not to generate tones violating the transmit spectral PSD masksin 126.5.3.4.

126.3.2.2.18 PAM16 bit mapping

The LDPC frame shall be mapped four bitsat atimein bit order of transmission into Gray-coded PAM-16 as
followsin Table 126-2.
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Table 126-2—PAM16 to Gray coded PAM16 mapping

Bits (bgh1bob3) Hex Level
0100 0x4 +15
0101 0x5 +13
0111 Ox7 +11
0110 0x6 +9
0010 0x2 +7
0011 0x3 +5
0001 Ox1 +3
0000 0x0 +X
1000 0x8 51
1001 0x9 -3
1011 0xB -5
1010 OxA =7
1110 OXE -9
1111 OxF -11
1101 0xD -13
1100 oxC -15

126.3.2.2.19 EEE capability

The optional 2.5GBASE-T or 5GBASE:T EEE capability allows compliant PHY's to transition to an LPI
mode of operation when link utilizatien'is low.

PHY s that support EEE shall,conform to the EEE transmit state diagram, shown in Figure 126-18, within
the PCS.

When PCS_Reset is asserted or pcs_data mode is not asserted, the state diagram enters the TX_NORMAL
state.

When a complete 64B/65B block of LPI characters is generated by the PCS transmit function, the PHY
transmitsthe sleep signal to indicate to the link partner that it istransitioning to the LPI transmit mode. If the
sleep-signal begins on an even LDPC frame boundary aligned to the inversion on pair A during PMA
training, then it contains 18 full LDPC frames each composed entirely of LDPC encoded LP_IDLE blocks.
If~the sleep signal does not begin on an even LDPC frame boundary, then it contains one to two LDPC
frames partially composed of LP_IDLE blocks followed by 18 LDPC frames fully composed of LP_IDLE
blocks.

Following the transmission of the sleep signal, quiet-refresh signaling begins, as described in 126.3.5.

After the sleep signal is transmitted LPI control characters shall be input to the PCS scrambler continuously
until the PCS Transmit Function exits the LPI transmit mode.
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While the PMA asserts SEND_N, the Ipi_tx_mode variable shall control the transmit signal through the
PMA_UNITDATA .request primitive described as follows:

When the PHY isnot inthe PCS_Data state, the Ipi_tx_mode variableisignored.

When the Ipi_tx_mode variable takes the value NORMAL and the PMA asserts SEND_N, the PCS
passes coded data to the PMA via the PMA_UNITDATA.request primitive as described in
126.3.2.2.

When the Ipi_tx_mode variable takes the value QUIET and the PMA asserts SEND_N, the PCS
passes zeros to the PMA through the PMA_UNITDATA . .request primitive.

When the Ipi_tx_mode variable takes the value REFRESH_A and the PMA asserts SEND) N, the
PCS passes the PMA training signal to the PMA on pair A, to allow both the local andhtemote PHY
to refresh adaptive filters and timing loops. The PCS passes zeros to all other pairsdinthis condition.
REFRESH_B, REFRESH_C and REFRESH_D operate in an analogous mannex, for the other pairs.

When the Ipi_tx_mode variable takes the value ALERT and the PMA asserts SEND_N, the PCS
passes the ALERT vector to the PMA.

The quiet-refresh cycle is repeated until codewords other than LP_IDLE ‘aré'detected at the XGMII. These
codewords indicate that the local system is requesting a transition back/to the normal operational mode.
Following this event, the PMA_UNITDATA .request parameter tx_Symb_vector is set to the value ALERT.
The aert signal is not synchronized with respect to the quiet-refresh cycle but shall be synchronized so that
the alert signal from the PMA begins on a LDPC 2-frame 256:4D-symbol boundary aligned to the inversion
on pair A during PMA training.

The PHY also transitions back to the normal operation mode if an error condition occurs. This error
condition is defined as the detection of any characters other than LPI or IDLE at the XGMI|.

After the alert signal the PCS completes thetransition from LPI mode to norma mode by sending a wake
signa containing Ipi_wake_time LDPC frames composed of IDLE 64B/65B blocks.

Ipi_wake _time is a fixed parameten that is defined as 18 LDPC frames as follows in Table 126-3. The
maximum PHY wake time when wake is requested before sleep has been completely transmitted is
14.72/Sps (Ipi_wake_timer=Ty, , as defined by Clause 78). The maximum PHY wake time when wake is
requested after sleep has.been completely transmitted is 8.96/S us.

Table 126-3—LPI wake time

Ibi wake time Ipi_wake_timer when wake starts Ipi_wake_timer when wake starts
P4 — before sleep signal is complete after sleep signal iscomplete
(frames) (frames) (us) (frames) (us)
18 46 14.72/S 28 8.96/S

126.3.2.3 PCS Receive function

The PCS Receive function shall conform to the PCS 64B/65B receive state diagram in Figure 126-16 and
Figure 126-17 and the PCS Receive hit ordering in Figure 126—7 including compliance with the associated
state variables as specified in 126.3.6.
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The PCS Receive function accepts received code-groups provided by the PMA Receive function via the
parameter rx_symb_vector. The PCS receiver uses knowledge of the encoding rules to correctly align the
65B-LDPC frames. The randomized bits are replaced with known zeros. The received 65B-LDPC frames
are decoded with error correction; the auxiliary bit and the trailing zero-fill bits are then stripped;

descrambling is then performed. This process generates the 64B/65B block vector rx_coded<64:0> which is
then decoded to form the XGMII signals RXD<31:0> and RXC<3:0> as specified in the PCS 64B/65B
Receive state diagram (see Figure 126-16 and 126-17). Two XGMII data transfers are decoded from each
block. Where the XGMII and PMA sublayer data rates are not synchronized to a 25:64 ratio, the receive
process insertsidles, deletesidles, or deletes sequence ordered sets to adapt between rates.

During PMA training mode, PCS Receive checks the received PAM2 framing and signals the reliable
acquisition of the descrambler state by setting the scr_status parameter of the PMA_SCRSTATUSIrequest
primitive to OK.

When the PCS Synchronization process has obtained synchronization, the LDPC frame error ratio (LFER)
monitor process monitors the signal quality asserting hi_Ifer if excessive LDPC frame ‘efrors are detected
(LDPC parity error). If 40 consecutive LDPC frame errors are detected, the block _|éek-flag is de-asserted.
When block_lock is asserted and hi_Ifer is de-asserted, the PCS Receive progess continuously accepts
blocks. The PCS Receive process monitors these blocks and generates RXD <81{0> and RXC <3:0> on the
XGMII.

When the receive channel is in training mode, the PCS Synchronizatieh process continuously monitors
PMA_RXSTATUS.indication (loc_rcvr_status). When loc_rcvr(status indicates OK, then the PCS
Synchronization process accepts data-units via the PMA_UNITDATA.indication primitive. It attains frame
and block synchronization based on the PMA training framées and conveys received blocks to the PCS
Receive process. The PCS Synchronization process sets the block_lock flag to indicate whether the PCS has
obtained synchronization. The PMA training sequence imcludes 1 bit pattern on pair A every 256 PAM2
symbols, which is aligned with the PCS boundary of two LDPC frames. When the PCS Synchronization
process is synchronized to this pattern, block_lock.is asserted.

PHY swith the EEE capability support transition to the LPI mode when the PHY has successfully completed
training and pcs_data mode is TRUE.\ Transitions to and from the LPI mode are allowed to occur
independently in the transmit and receiye functions. The PCS receive function is responsible for detecting
transitions to and from the LPI receive mode and indicating these transitions using signals defined in
126.2.2.

The link partner signals\a-transition to the LPI mode of operation by transmitting 18 LDPC frames
composed entirely of 64B/65B blocks of /LI/. When blocks of /L1/ are detected at the output of the 64B/65B
decoder, rx_lpi_active is asserted by the PCS receive function and the /L1/ character is continuously asserted
at the receive XGIN1. These frames may be preceded by aframe composed partially of /LI/ characters. After
these framesthe'tink partner begins transmitting zeros, and it is recommended that the receiver power down
receive circuits to reduce power consumption. The receive function uses LDPC frame counters to maintain
synchrenization with the remote PHY and receives periodic refresh signals that are used to update
coeffiejents, so that the integrity of adaptive filters and timing loopsin the PMA ismaintained. LPI signaling
isdefined in 126.3.5. The quiet-refresh cycle continues until the PMA asserts alert_detect to indicate that the
dert signal has been reliably detected. After the alert signal the link partner transmits repeated /I/ characters,
representing a wake signal. The PHY receive function sends /I/ to the XGMII for 18 LDPC frame periods
and then resumes normal operation.

126.3.2.3.1 Frame and block synchronization

When the receive channel is operating in norma mode, the frame and block synchronization function
receives data via 4D-PAM16 PMA_UNITDATA.indication primitives. It shall form a 4D-PAM16 stream
from the primitives by concatenating requests with the PAM16s of each primitive in order from
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rx_symb_vector<0> to rx_symb_vector<127> (see Figure 126-7). It obtains block lock to the LDPC
frames during the PAM2 training pattern using synchronization bits provided on pair A. The 65-bit blocks
are extracted based on their location in the LDPC frame.

126.3.2.3.2 PCS descrambler

The descrambler processes the payload to reverse the effect of the scrambler using the same polynomial. It
shall produce the same result as the implementations shown in Figure 126-10 for the MASTER and the
SLAVE.

PCS descrambler employed by the MASTER

Scrambled data input

SO ;Sl_>S2_>SS_> S18 =Slg_>$$” S56.\ 557_‘

3 5

Seria dataoutput

PCS descrambler employed by the SLAVE

Scrambled data input

+ ) d—/<

Seria data output

Figure 126-10—MASTER and SLAVE PCS descramblers

126.3.2.3.3nvalid blocks
A blockisinvalid if any of the following conditions exists:

a))~ Theblock typefield contains areserved value.

b) Any control character contains avalue not in Table 126-1.

¢) Any O code contains avalue not in Table 126-1.

d) The block contains information from the payload of an invalid received PHY frame or the first
64B/65B block following an invalid received PHY frame.

Tha-boo R H £ okl ball akbaalc tloo i ot Y £l o1 Ny HETP R PR Pv | i 190299 40 1£ &l
TTIC TOO TACLUTTVE TUNCUTUTNT SNAlT UITCURA TTTC TTIICYT Ty U LT L UT O PJAlTly Uto UTTTITICU T LU O. 4. 4. L0 T UIC

check failsthe PHY frameisinvalid.

R_BLOCK_TYPE of aninvalid block is set to E.
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126.3.3 Test-pattern generators

The test-pattern generator mode is provided for enabling joint testing of the local transmitter, the channel
and remote receiver. When the transmit PCS is operating in test-pattern mode it shall transmit continuously

as illustrated in Figure 1266, with the input to the scrambler set to zero and the initial condition of the
scrambler set to any non-zero value. When the receiver PCS is operating in test-pattern mode it shall receive
continuously as illustrated in Figure 126—7. After acquiring the self-synchronizing scrambler state, the
output of the received scrambled values should ideally be zero. Any nonzero values correspond to receiver
bit errors. This mode is further described as test mode 7 in 126.5.2.

126.3.4 PMA training side-stream scrambler polynomials

The PCS Transmit function employs side-stream scrambling for generating 2-level PAM PMA. training
sequences as follows in Figure 126-11. An implementation of MASTER and SLAVE PHY, side-stream
scramblersis shown in the “Main PN sequence” box. The bits stored in the shift register delay line at timen
are denoted by Scr,[32:0]. At each symbol period, the shift register is advanced by one-bit)and one new bit
represented by Scr,[0] is generated. The transmitter side-stream scrambler is reset Upon execution of the
PCS Reset function. If PCS Reset is executed, all bits of the 33-bit vector reptesenting the side-stream
scrambler state are arbitrarily set. The initialization of the scrambler state is Jeftto the implementer. In no
case shall the scrambler state be initialized to all zeros.
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Infofield (128 bits) added when
16384-128<(n mod 16384)<16384

Modulation n
symbol
counter

Main PN sequence:

Generation of
main PN
sequence and
derived
sequences

Sa, 0:+9 | TA,
1: -9 >
Sb 0-+9 | IB
. > 1:9 n.
S - TC
: SN
Sd, 09 Dy
- 109

Ser,[32:1] = Scr,,4[31:0]
Sor,, 4[12]+Scr, 4132] if PMA_CONFIG=MASTER
Sor,, 4[19]+Set 1[32] if PMA_CONFIG = SLAVE

Scr[0] = {

Derived sequences:

o = { Scr,[0] ® 1 if:n mod 256 = 0
Scr,[0]
Scr,[3] @Scr,[8]
Scrqp61 @ Scr,[16]
Scr,[9] @ Scr,([14] @ Scr,([19] @ Scr,[24]))

Sbh
Sc
Sd

n

n

n

otherwise

Figure 126-11—A realization of PMA training PAM2 sequences

126.3.4.1 Generation of bits Sa,, Sb,, Sc,, Sd,,

PMA training-signal encoding rules are based on the generation, at time n, of the four bits Sa,,, Sby,, Sc,,, Sdp,.
These four bits are generated in a systematic fashion using the bitsin Scr[32:0], and an auxiliary generating
polynomial. For both MASTER and SLAVE PHY s, they are obtained by the same linear combinations of
bitsstered in the transmit scrambl er shift register delay line. These four bits are derived from elements of the
same maximum-length shift register sequence of length 23— 1 as Scr,[0], but shifted in time. The associated
delays are all large and different so that there is no short-term correlation among the bits Sa,,, Sby,, Sc,,, Sd,.
The four bits are generated using the bit Scr,[0] and the eguations in Figure 126-11 in the “Derived

sequences’ box.

126.3.4.2 Generation of 4D symbols TA,. TB,, TC,. TD,

The four bits Sa,, Sb,, Sc,, Sd, are mapped to a 4D symbol (TA,, TB, TC,, TD,) as follows in

Figure 126-11.
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Theinversion on pair A at 256 intervals (n = kx 256,k = 0, 1, 2, ... ) defines the LDPC boundary during
data mode.

Notice that over the repeating time intervals of 16384 and of length 128,

mx 16384 -128<n<mx 16384, m = 1, 2, 3, ..., the PMA training pattern in pair A is XOR’ed with the
Infofield. Thus, pair A transmits the Infofield, which communicates to the remote transceiver settings of
THP and power backoff and other control information.

126.3.4.3 PMA training mode descrambler polynomials

The PHY shall acquire descrambler state synchronization to the PAM2 training sequence and report suceess
through scr_status. For side-stream descrambling, the MASTER PHY shall employ the receiver descrambler
generator polynomial g'y,(x) = 1+x% +x33 and the SLAVE PHY shall employ the receiver descrambler
generator polynomia g'g(x) = 1+ x13+x33

126.3.5 LPI signaling

PHY's with EEE capability have transmit and receive functions that can enter<and leave the LPI mode
independently. The PHY can transition to the LPI mode when the PHY has succéssfully completed training
and pcs_data_mode is TRUE. The transmit function of the PHY initiates @{ransition to the LPI transmit
mode when it generates 64B/65B blocks composed entirely of LPI eontrol characters, as described in
126.3.2.2.19. The transmit function of the link partner signals the transition using the sleep signal. When the
transmitter begins to send the sleep signal, it asserts tx_|pi_active @ngd the transmit function enters the LPI
transmit mode.

Within the LPI mode PHY s use a repeating quiet-refresht cycle (see Figure 126-12). The first part of this
cycleisknown as the quiet period and lasts for atime |pi \quiet_time equal to 120 LDPC frame periods. The
quiet period isdefined in 126.3.5.2. The second part of this cycleis known as the refresh period and lasts for
atime Ipi_refresh_time equal to 8 LDPC frame periods. The refresh period is defined in 126.3.5.3. A cycle
composed of one quiet period and one refresh period is known as asingle pair LPI cycle and lasts for atime
Ipi_gr_time equal to 128 LDPC frame periods-The time taken to complete a quiet-refresh cycle for al four
pairsis known as acomplete LPI cycle.

Ipi_offset, Ipi_quiet_time, Ipi_refresh time, Ipi_gr_time, and Ipi_allpairs_gr_time are timing parameters
that are integer multiples of thel{DPC frame period. Ipi_offset is afixed value equal to Ipi_gr_time/2 that is
used to ensure refresh signalsiare appropriately offset by the link partners.

| ) refresh (R) ) |
para | Mty o [ et i =]
|
: Ipil_quiet_time | |
| Ipi_refresh_time |
Ipi_gr_time |
¢ o >
|‘ Ipi_allpairs_gr_time 7l
|
|
Pair B R |
Pair C ! R |
Pair D | R
. L
active_pair | A [ B | C | D [ A
|

Figure 126-12—Timing periods for LPI signals
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PHY's begin the transition from the LPI receive mode when the aert signal is detected by the PMA as
defined in 126.4.2.4.

126.3.5.1 LPI Synchronization

To maximize power savings, maintain link integrity, and ensure interoperability, EEE-capable PHY' s must
synchronize refresh intervals during the LPI mode. The transition to PCS Test is used as a fixed timing
reference for the link partners. Refresh signaling is derived by counting LDPC frames from the transition to
PCS Test.

Ininitial training, normal retraining, and fast retraining, with or without the EEE capability being supported,
the master and slave signal when they transition to PCS_Test using the transition counter following the
procedure described in 126.4.2.5.15.

A EEE-capable PHY in dlave modeis responsible for synchronizing its PMA training frame tothe master’s
PMA training frame during the transition to PMA_Training_Init_S. The slave shall ensure that its PMA
training frames are synchronized to the master’s PMA training frames within two LDPRE frames, measured
at the slave MDI on pair A. In addition, the slave shall initialize its transition counter,so that it transitions to
PCS_Test within two LDPC frames of the master PHY’s transition to PCS- Téest, measured at the slave
PHY’s MDI on pair A. This mechanism ensures that the refresh offset is bounded to a small value at both
MDI interfaces, thus ensuring there is no overlap of master and slave signalswhen both transmit and receive
arein the LPl mode.

Following the transition to PCS_Test, the PCS counts transmitted-and received LDPC frames, and uses these
counters to generate refresh and pair control signals for the transmit and receive functions. The transmitted
LDPC frame count is named tx_ldpc frame cnt. Ahe“received LDPC frame count is named
rx_ldpc_frame_cnt.

The master and slave shall derive the active pair and refresh_active signals from the LDPC frame counters
asfollowsin Table 1264 and Table 126-5.

Table 126-4—Synchronization logic derived from slave signal LDPC frame count

. . . . for master u=rx_ldpc_frame _cnt
Slave-sidevariable Master-sidevariable for Save u=tx_Idpc_frame cnt

tx_refresh_active=true rx_refresh_active=true Ipi_offset —Ipi_refresh_time<
mod(u,Ipi_gr_time) < |pi_offset

tx_Ipi_ful- refresh=true N/A Ipi_offset —Ipi_refresh time =
mod(u,lpi_gr_time)

tx_active pair=PAIR_A rx_active_pair=PAIR_A Ipi_offset + Ipi_gr_time<u<Ipi_offset
+2X Ipi_gr_time

tx_active_pair=PAIR_B rx_active_pair=PAIR_B Ipi_offset + 2 X Ipi_qgr_time<u<
Ipi_offset + 3 X Ipi_qgr_time

tx_active_pair=PAIR_C rx_active_pair=PAIR_C Ipi_offset + 3X Ipi_qgr_time<u<4xX
Ipi_gr_time OR
0 < u<|pi_offset

tx_active_pair=PAIR_D rx_active_pair=PAIR_D Ipi_offset < u < Ipi_offset + Ipi_qr_time
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Table 126-5—Synchronization logic derived from master signal LDPC frame count

Slave-side variable Master-side variable f?grrgf/gv\gixﬂiicﬁme?ﬂt
rx_refresh_active=true tx_refresh_active=true Ipi_quiet_time < mod(v,Ipi_gr_time)
N/A tx_Ipi_full_refresh=true Ipi_quiet_time = mod(v,Ipi_gr_time)
rx_active_pair=PAIR_A tx_active_pair=PAIR_A 0<v<lIpi_gr_time
rx_active_pair=PAIR_B tx_active_pair=PAIR_B Ipi_gr_time<v<2Xlpi_gr_time
rx_active_pair=PAIR_C tx_active_pair=PAIR_C 2XIpi_gr_time<v<3Xlpi_gr_ time
rx_active_pair=PAIR_D tx_active_pair=PAIR_D 3XIpi_gr_time<v<4xXlpi gr time

126.3.5.2 Quiet period signaling

During the quiet period the transmitters on all four pairs should be turned ‘off. Average launch power (as
measured from 56 LDPC frames after a refresh period to 56 L DPC frames before the next refresh period on
the same lane) for each Transmitter shall be less than —41 dBm. Jhis requirement does not apply to the
periods when the aert signal istransmitted as defined in 126.4.2.2,1:

126.3.5.3 Refresh period signhaling

During the LPI mode 2.5GBASE-T and 5GBASE-T/BHY s use staggered, out-of-phase refresh signaling to
maximize power savings. Two-level PAM refresh Symbols are generated using the PMA side-stream
scrambler polynomials described in 126.3.4 andexactly as is shown in Figure 12611 with the exception
that the Infofield consists of a sequence of 128 zeros. The training sequence described in 126.3.4 shall be
used during the LPI mode, with the scramblers free-running from PCS Reset.

Refresh signals shall be sent using the PHP filter as described in 126.4.3.1. At the start of each refresh signal
the THP feedback delay line shall-beinitialized with zeros.

While atransmit function isinthe LPI transmit mode only one of the transmit pairsis active during arefresh
period. tx_symb_vector’for-all transmit pairs that are not active shall be set to zero.

When tx_symb_vector hasthe value ALERT and the PHY is master, the transmitter on pair A shall be active
and all other pairs shall be quiet. When tx_symb_vector has the value ALERT and the PHY is dave, the
transmitter_on-pair C shall be active and all other pairs shall be quiet. If Ipi_tx_mode=REFRESH_A on a
MASTER._PHY or Ipi_tx_mode=REFRESH_C on a SLAVE PHY, and tx_symb vector has the vaue
ALERT,~then the dert signaling shall be transmitted in place of the refresh signaling where the signals
overlap.

126.3.6 Detailed functions and state diagrams
126.3.6.1 State diagram conventions

The body of this subclause is composed of state diagrams, including the associated definitions of variables,

constants, and functions. Should there be a discrepancy between a state diagram and descriptive text, the
state diagram prevails.
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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.

126.3.6.2 State diagram parameters
126.3.6.2.1 Constants

EBLOCK_R<71:0>
72 bit vector to be sent to the XGMI | interface containing /E/ in all the eight character locations,
EBLOCK_T<64:0>
65 bit vector to be sent to the LDPC encoder containing /E/ in all the eight character locations:
LBLOCK_R<71.0>
72 bit vector to be sent to the XGMI | interface containing two Local Fault ordered sets..The Local
Fault ordered set is defined in 46.3.4.
LBLOCK_T<64:0>
65 hit vector to be sent to the LDPC encoder containing two Local Fault ordered sets.

LPBLOCK_R<71:0>

72 bit vector to be sent to the XGMII containing /L1/ in @l the eight character locations.
LPBLOCK_T<64:0>

65 hit vector to be sent to the LDPC encoder containing /L1/ {n'@lf the eight character locations.
IBLOCK_R<71.0>

72 hit vector to be sent to the XGMII containing /1/ in allthe eight character locations.
IBLOCK_T<64:0>

65 bit vector to be sent to the LDPC encoder containing /l/ in al the eight character locations.
UBLOCK_R<71:0>

72 bit vector to be sent to the XGMII containing two Link Interruption ordered sets. The Link
Interruption ordered set is defined in 46.3.4.

126.3.6.2.2 Variables

Ifer_test If
Boolean variable that is set true when a new LDPC frame is available for testing and false when
LFER_TEST_LF stateisientered. A new LDPC frame is available for testing when the Block Sync
process has accumulated enough symbols from the PMA to evaluate the next LDPC frame.
block_lock
Boolean variable that is set true when receiver acquires block delineation.
hi_Ifer
Boolean\variable that is asserted true when the Ifer_cnt reaches 16 errorsin onelfer_timer interval.
pcs_reset
Boolean variable that controls the resetting of the PCS. It is true whenever a reset is necessary
including when reset isinitiated from the MDI O, during power on, and when the MDIO has put the
PCS into low-power mode.
X coded<64.0>
Vector containing the input to the 64B/65B decoder. The format for this vector is shown in
Figure 126-8. Theleftmost bit in thefigureis rx_coded<0> and the rightmost bit is rx_coded<64>.
rx_raw<71:0>
Vector containing two successive XGMII output transfers. RXC<3:0> for the first transfer are
taken from rx_raw<3:0>. RXC<3:0> for the second transfer are taken from rx_raw<7:4>.

RXDI3T0> for the first ransfer are taka fTom TX_ Taw39 8>, RXDI3L 0> for the secomd———————
transfer are taken from rx_raw<71:40>.
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If_valid
Boolean indication that is set trueif received LDPC frameisvalid. LDPC frameisvalid if and only
if al parity checks of the LDPC code are satisfied.

tx_coded<64:0>

Vector containing the output from the 64B/65B encoder. The format for this vector is shown in

Figure 126-8. The leftmost bit in the figure is tx_coded<0> and the rightmost bit istx_coded<64>.
tx_raw<71:0>

Vector containing two successive XGMII transfers. TXC<3:0> for the first transfer are placed in

tx_raw<3:0>. TXC<3:0> for the second transfer are placed in tx_raw<7:4>. TXD<31:0> for the

first transfer are placed in tx_raw<39:8>. TXD<31:0> for the second transfer are placed_in

tX_raw<71:40>.

The following variables are required for PHY s that support the EEE capability:

tx_Ipi_active
A Boolean variable that is set true when the PHY transmit function is operating‘inthe LPI transmit
mode and during transitions to and from the LPI transmit mode (i.e., at any®ine when the PHY is
transmitting sleep, alert, wake, or quiet-refresh signaling). It is set false, atherwise.

tx_Ipi_gr_active
A Boolean variable that is set true during the LPI transmit mode; when the PHY is transmitting
quiet-refresh signaling. Set false otherwise.

rx_Ipi_active
A Boolean variable that is set true when the PHY receivé function is operating in the LPI receive
mode and set false otherwise. The LPI receive mode begins when the sleep signal is detected and
lasts until the alert signal is detected. When the EEE.capability is not supported, rx_Ipi_active is
set false.

tx_Ipi_req
A Boolean variable that is set true when the’'LPI client indicates that it is requesting operation in
the LPI transmit mode viathe XGMII and\set false otherwise.

alert_detect
Indicates that an alert signal fromcthe link partner has been received at the MDI as indicated by
PMA_ALERTDETECT.indication(alert_detect).

tx_Ipi_aert_active
A Boolean variable that<is'set true when the PHY is transmitting ALERT signaling. Set false
otherwise.

rx_Ipi_wake
A Boolean variablethat is set true when the PHY receiver isin the WAKE state and sending IDLE
to the XGM I 1Set false otherwise. When the EEE capability is not supported, rx_Ipi_wake is set
false.

tx_active pair
A varigble indicating the transmit active pair during the LPI transmit mode. The variable may take
thevaluesPAIR_A, PAIR_B, PAIR_C, PAIR_D. Thisvariableis defined in 126.3.5.1.

Ipi_tx~mode
A variable indicating the signaling to be used from the PCS to the PMA across the
PMA_UNITDATA.regquest (tx_symb_vector) interface.
Ipi_tx_mode controlstx_symb_vector only when tx_modeis set to SEND_N.
Thevariableisset to NORMAL when (!tx_Ipi_gr_active* !tx_Ipi_alert_active), indicating that the
PCS is in the normal mode of operation and encodes code-groups as described in Figure 126-14
and Figure 126-15.
The variable is set to REFRESH_A when (tx_Ipi_gr_active * (tx_active pair=PAIR_A) *

X TefTesTactive).
The variable is set to REFRESH_B when (tx_lpi_gr_active * (tx_active pair=PAIR_B) *
tx_refresh active).
The variable is set to REFRESH_C when (tx_Ipi_gr_active * (tx_active pair=PAIR_C) *
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tx_refresh active).
The variable is set to REFRESH_D when (tx_Ipi_gr_active * (tx_active pair=PAIR_D) *
tx_refresh active).
Thevariable is set to QUIET when (tx_Ipi_qgr_active* (Itx_refresh_active + tx_Ipi_initia_quiet)).

The variableis set to ALERT when (tx_Ipi_alert_active).
tx_refresh_active
A Boolean value. Thisvariableis set true following the logic described in 126.3.5.1.
tx_lpi_full_refresh
A Boolean value. Thisvariableis set true following the logic described in 126.3.5.1.
tx_Ipi_initial_quiet
A Boolean value. Thisvariable is set true when the transmit function enters the LPI transmit, mode
and a partial refresh isreplaced by quiet signaling.
Idpc_two_frame_done
A Boolean value. Thisvariableis set true when the final symbol of each even LDPCframe aligned
to theinversion on pair A during PMA training is transmitted and is set fal se otherwise.

The following variable is only required for PHY s that support the fast retrain capability:

fr_sigtype

If fast retrain is supported, this variable controls the block type the RMA sends on the receive path
during fast retrain. If MDIO is supported, this variable is set,based on the value in 1.147.2:1 as
follows:

00 IBLOCK_R

01 LBLOCK_R

10 UBLOCK_R

11 Reserved
If MDIO is not supported, an equivalent methiod of controlling fast retrain functionality should be
provided.

126.3.6.2.3 Timers
State diagram timers follow the conventiens'described in 14.2.3.2.

Ifer_timer
Timer that is triggered(every 125/Sus +1%, —25%. When the timer reaches its terminal count it
setsIfer_timer_done= TRUE.

The following timers arerequired for PHY s that support the EEE capability:

Ipi_tx_sleep gimer
Thistimer defines the time the local transmitter sends the sleep signal to the link partner.
Values: The condition Ipi_tx_sleep timer_done becomes true upon timer expiration.
Duration: Thistimer shall have a period equal to 18 LDPC frame periods.
Ipi~tx_alert_timer
Thistimer defines the time the local transmitter transmits the alert signal .
Values: The condition Ipi_tx_alert_timer_done becomes true upon timer expiration.
Duration: Thistimer shall have a period equal to 8 LDPC frame periods.
Ipi_tx_wake timer
Thistimer defines the time the local transmitter transmits the wake signal.
Values: The condition Ipi_tx_wake _timer_done becomes true upon timer expiration.

Duraton Thistmer shat Ilaveapalod Equa 10 p] Wake tme tDPCframe perlous

Ipi_rx_wake_timer
This timer defines the time the receiver sends IDLE blocks to the XGMII after the aert signal is
detected.
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Values: The condition Ipi_rx_wake timer_done becomes true upon timer expiration.
Duration: Thistimer shall have a period equal to Ipi_wake time LDPC frame periods.

126.3.6.2.4 Functions

DECODE(rx_symb_vector<64:0>)
In the PCS Receive process, this function takes as its argument 65-bit rx_coded<64:0> from the
LDPC decoder and decodes the 65B-LDPC bit vector returning a vector rx_raw<71:0>, which is
sent to the XGMII. The DECODE function shall decode the block based on code specified in
126.3.2.2.2.
ENCODE(tx_raw<71:0>)
Encodes the 72-bit vector received from the XGMII, returning 65-bit vector tx_coded. ‘\The
ENCODE function shall encode the block as specified in 126.3.2.2.2.
R_BLOCK_TYPE={C,S,T,D,E,I,LI,LII}
When the EEE capability is not supported, this function classifies each 65-bit rx-coded vector as
belonging to one of the fivetypes{C, S, T, D, E} depending on its contents.
When the EEE capability is supported, this function classifies each 65-bityrx_coded vector as
belonging to the eight types depending on its contents. A vector may simultaneously belong to the
C and | types when it contains eight valid control characters that areall/}/, but in every other case
the vector belongsto only one type.
Values: C; The vector contains a data/ctrl header of 1 and one of the following:
a) A block type field of Ox1E and eight valid control characters other than /E/ and
LI/,
b) A block type field of Ox2D or 0x4Bi a valid O code, and four valid control
characters;
c) A block type field of 0x55 andtwovalid O codes.
S; The vector contains a data/ctrl header of 1 and one of the following:
a) A block type field of 0x33'and four valid control characters;
b) A block typefield of 0x66 and avalid O code;
¢) A block typefield of 0X78.

T, The vector contains acdata/ctrl header of 1, a block type field of 0x87, 0x99, OXAA,
0xB4, 0xCC, 0xD2,"0xE1, or OxFF and all control characters are valid.

D; The vector contains a data/ctrl header of O.

I; If the optional\EEE capability is supported, then the | type is a specia case of the C
type where the vector contains a data/ctrl header of 1, ablock type field of Ox1e, and
eight\eontrol characters of /I/.

LI: If-the-optional EEE capability is supported, then the LI type occurs when the vector
cantains a datalctrl header of 1, a block type field of Oxle, and eight control
characters of /L1/.

L11: If the optional EEE capability is supported, then the LII type occurs when the vector
contains adata/ctrl header of 1, ablock typefield of Ox1E, and one of the following:

a) Four control characters of /LI/ followed by four control characters of /I/;
b) Four control characters of /I/ followed by four control characters of /LI/.

E; The vector does not meet the criteriafor any other value.

A valid control character is one containing a 2.5G/5GBASE-T control code specified in
Table 126-1. A valid O code is one containing an O code specified in Table 126-1.

R_TYPE(rx_coded<64:0>)
Returnsthe R_BLOCK _TY PE of the rx_coded<64:0> bit vector.
R_TYPE _NEXT

Prescrent end of pa‘:ket checkfuncton. it remms the R BEOCK TYPEOf the IX_coded vector

immediately following the current rx_coded vector.
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T_BLOCK_TYPE={C,S,T,D,E,I,LI,LIl}
When the EEE capability is not supported, this function classifies each 72-bit tx_raw vector as
belonging to one of the fivetypes{C, S, T, D, E} depending on its contents.
When the EEE capability is supported, this function classifies each 72-bit tx_raw vector as

belonging to the eight types depending on its contents. A vector may simultaneously belong to the
C and | typeswhen it contains eight valid control charactersthat are all /I/, but in every other case
the vector belongsto only one type.
Values: C; The vector contains one of the following:
a) Eight valid control characters other than /O/, /S, /T/, [E/, and /L1/;
b) One valid ordered set and four valid control characters other than /O/, /S/, and [TH
¢) Two valid ordered sets.

S; The vector contains an /S in its first or fifth character, any characters before the S
character are valid control characters other than /O/, /S/, and /T/ or ferma valid
ordered set, and all characters following the /S/ are data characters.

T; The vector contains a/T/ in one of its characters, all characters beforethe /T/ are data
characters, and all characters following the /T/ are valid contrel)characters other
than /O/, IS/ and /T/.

D; The vector contains eight data characters.

I; If the optional EEE capability is supported, then the | typeis a special case of the C
type where the vector contains eight control charactersef /I/.

LI: If the optional EEE capability is supported, then,the L1 type occurs when the vector
contains eight control characters of /LI/.

LII: If the optional EEE capability is supported, then the L11 type occurs when the vector
contains one of the following:

a) Four control characters of /LI/ fallowed by four control characters of /I/;
b) Four control characters of /If foltowed by four control characters of /L1I/.

E; The vector does not meet the critériafor any other value.

A tx_raw character is a control character “if its associated TXC bit is asserted. A valid control
character is one containing an XGMI| control code specified in Table 126-1. A valid ordered set
consists of a valid /O/ character in thefirst or fifth characters and data characters in the three
characters following the /O/. A valid/O/ is any character with avalue for O code in Table 126-1.

T_TYPE(tx_raw<71:0>)
Returnsthe T_BLOCK_T¥.PE of the tx_raw<71:0> bit vector.

T_TYPE_NEXT
Prescient end of packet check function. It returns the FRAME_TYPE of the tx_raw vector
immediately faollowing the current tx_raw vector.

126.3.6.2.5 Counters

Ifer_cnt
Count up to amaximum of 16 of the number of invalid LDPC frames within the current Ifer_timer
period.

Thefollowing counters are required for PHY sthat support the EEE capability:

tx_Idpc_frame_cnt
An integer value that counts transmit LDPC frame periods. The counter is reset when the first
symbol of the first LDPC frame crosses the MDI on pair A in the transmit direction after normal
training or fast retraining. It is incremented after the last symbol of each transmitted LDPC frame.

X_fapc_frame cntisTeser to OWham tX_fapc_frame cnt=tpi_qr_tme X &

rx_ldpc_frame_cnt
An integer value that counts receive LDPC frame periods. The counter is reset when the first
symbol of the first LDPC frame crosses the MDI on pair A in the receive direction after normal
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training or fast retraining. It is incremented after the last symbol of each received LDPC frame.
rx_ldpc_frame_cnt isreset to 0 when rx_ldpc_frame _cnt = Ipi_qgr_time x 4.

Ipi_rxw_err_cnt
An integer value that counts the number of receive wake on error conditions. Ipi_rxw_err_cnt is

reset to zero during PCS_Test. The counter is reflected in register 3.22 (see 45.2.3.10).
126.3.6.3 State diagrams

The LFER Monitor state diagram shown in Figure 126-13 monitors the received signal for high LDPC
frame error ratio.

The 64B/65B Transmit state diagram shown in Figure 126-14 controls the encoding of 65B transmitted
blocks. It makes exactly one transition for each 65B transmit block processed. Though the Transmit state
diagram sends Local Fault ordered sets when reset is asserted, the scrambler and 65B-LDRE may not be
operational during reset. Thus, the Local Fault ordered sets may not appear on the PMA serviceinterface.

The 64B/65B Receive state diagram shown in Figure 126-16 controls the decoding of65B received blocks.
It makes exactly one transition for each receive block processed except for the transition from RX_WE to
RX_E, which occurs immediately after the RX_WE processes are complete.

The PCS shall perform the functions of LFER Monitor, Transmit, and,Regceive as specified in these state
diagrams. The PCS shall not perform the LFER Monitor function duting LPI receive operation from the
time that the PCS 64B/65B Receiver enters the state RX_L, until the state RX_W is exited.

Transitions surrounded by dashed rectangles indicate requirements for 2.5GBASE-T and 5GBASE-T EEE-
capable implementations.

126.3.7 PCS management

The following objects apply to PCS management:If an MDIO Interfaceis provided (see Clause 45), they are
accessed viathat interface. If not, it is recommended that an equivalent access be provided.

126.3.7.1 Status

pcs_status
Indicates whether thie PCS is in a fully operational state. It is only true if block_lock is true and
hi_Ifer isfalse.This statusis reflected in MDIO register 3.32.12. A latch low view of this statusis
reflected in MDIO register 3.1.2 and a latch high of the inverse of this status, Receive fault, is
reflected in MDIO register 3.8.10.

block_lock
Indicates the state of the block_lock variable. This status is reflected in MDIO register 3.32.0. A
latch low view of this status isreflected in MDIO register 3.33.15.

hi_Ifer
Indicates the state of the hi_Ifer variable. This status is reflected in MDIO register 3.32.1. A latch
high view of this statusisreflected in MDIO register 3.33.14.

Rx LPI indication
For EEE capability, this variable indicates the current state of the receive LPI function. Thisflagis
set to TRUE (register bit set to one) when the PCS 64B/65B Receive state diagram
(Figure 126-17) isin the RX_L or RX_W states. This statusis reflected in MDIO register 3.1.8. A
latch high view of this statusis reflected in MDIO register 3.1.10 (Rx LPI received).

TX CPHmaication
For EEE capability, this variable indicates the current state of the transmit LPI function. This flag
is set to TRUE (register bit set to one) when the PCS 64B/65B Transmit state diagram
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(Figure 126-15) isinthe TX_L or TX_W states. This statusis reflected in MDIO register 3.1.9. A
latch high view of this statusis reflected in MDIO register 3.1.11 (Tx LPI received).

126.3.7.2 Counters

Thefollowing counters are reset to zero upon read and upon reset of the PCS. When they reach all ones, they
stop counting. Their purpose isto help monitor the quality of the link.

Ifer_count
6-bit counter that counts each time LFER_BAD_LF state is entered. This counter is reflected in
MDIO register bits 3.33.13:8. The counter is reset when register 3.33 is read by management,,Note
that this counter counts a maximum of 16 counts per Ifer_timer period since the LFER_BAD: LF
can be entered a maximum of 16 times per Ifer_timer window.

errored_block_count
8-bit counter. When thereceiver isin normal mode, errored_block_count counts once for each time
RX_E stateis entered. This counter is reflected in MDIO register bits 3.33.7:0.
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pcs_reset + Iblock_lock + rx_Ipi_active
+ rx_Ipi_wake

!

A 4
LFER_MT_INIT

hi_Ifer < false
Ifer_test_If < false

UCT i

START_TIMER

Ifer_cnt< 0
start Ifer_timer

%V

LFER_TEST LF
Ifer_test_If < false

If_valid If valid *
Ifer_timer_done

LFER_BAD_LF

Ifer_test_If

Ifer_cnt ++

Ifer test If = Ifer_cnt < 16 *
Ifer_cnt < 16 * Ifer_timer_done

lifer_timer_done

Ifer_cnt =16

\ 4 vV V
HI_LFER GOOD_LFER

hi_lfer < true hi_lfer < false

Ifer_timer_done ucT

Figure 126-13—LFER monitor state diagram
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pcs_reset+!pcs_data_mode

TX_INIT
tx_coded <= LBLOCK_T

T_TYPE(tx_raw) = S | T_TYPE(tx_raw) = (E + D + LI +T)

T_TYPE(tx_raw) = (C + LII)

A\ A 4 ?

TX C

tx_coded <= ENCODE(tx_raw)

T_TYPE(tx_raw) = (C+LIT) | T_TYPE(tx_raw) = (E + D +T)

-
T_TYPE(tx_raw) = LI |

| T_TYPE(tx_raw) =S

tx_coded <= ENCODE(tx_raw)

T_TYPE(tx_raw) =D | ’ T_TYPE(tx_aw)'= (E + C + LI + LIl + S)
‘ \ 4 \ 4 I

TX_E
T_TYPE(tx_raw) =T -
tx_coded <= EBLOCK_T

T TYPE(tx_raw) =T ‘ T_TYPE(tx_raw) = (E + S)

| T_TYPE(tx_raw) =LI |

v Lo - . J
™>T T_TYPE(tx_raw) = (C+LII)
tx_coded <= ENCODE(tx_raw)

&T_TYPE(tx_raw) =D

T_TYPE(tx.raw) = (C + LII)
T_TYPE(tx_raw) =(E+D+T)

T _TYPE(tx_raw) = S

NOTE—Transitions inside dashed boxes are only required for the EEE capability.

Figure 126-14—PCS 64B/65B Transmit state diagram, part a
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TX L

‘ tx_lpi_req <= true ‘
tx_coded <= LPBLOCK_T

’ T_TYPE(tx_raw) = (LI+LII) ‘ ’

’ T _TYPE(tx_raw)=(C+D+E+S+T) ‘

| v |

TX_WN

’ tx_Ipi_req <= false ’
tx_coded <= IBLOCK, T

tx_lpi_active

Itx_Ipi_active

| ' |
c
- - -0 - - - - -
NOTE—This figure is mandatory for PHYs with the EEE capability.

Figure 126-15—PCS 64B/65B Transmit state diagram, part b
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pcs_reset+ hi_lfer + !block_lock +

Ipcs_data_mode

\ 4
RX_INIT

If Ifr_active
else

end

rx_raw <= LBLOCK_R
rx_raw <= fr_sigtype

rx_lpi_wake <= false
rx_|Ipi_active <= false

R_TYPE(rx_coded) = S%

v

R_TYPE(rx_coded) = (E+D + LI+ T)

R_TYPE(rx_coded) = C + LII

—©

RX_C

rx_raw <= DECODE(rx_coded)
rx_lpi_wake <= false

R_TYPE(rx_coded) = C + LI|

| R_TYPE(%_coded) = (E + D +T)

R_TYPE(rx_coded) = S

Ex

rx_raw <= DECODE(rx_coded

VG

RX_E

rx_raw <= EBLOCK_R

R_TYPE(rx_coded) = D | (R_TYPE(rx_coded)=) T
R_TYPE_NEXT=(E& D +T)) +
R_TYPE(rx_codéd)= (E + C + LI + LIl + S)
R_TYPE(rx_coded) = T
R_TYPE_NEXT=(S+C+LI
+ LII)
R (TYPE(rx_coded) = T =
RUTYPE_NEXT=(S+C+LI+LIl)
v \4
RX_T
rx_raw <= DECODE(rx_coded
R_TYPE(rxeoded) = C + LII R_TYPE(rx_coded)= S
r—— — — — — 7
@ R_TYPE(rx_coded) = LI
L — 4

(R_TYPE(rx_coded) = T =
R_TYPE_NEXT=(E+D+T))+
R_TYPE(rx_coded) = (E + S)

R_TYPE(rx_coded) = LI

R_TYPE(rx_coded) = (C + LII)
v

©

R_TYPE(rx_coded) = D

b

NOTE—Signals and functions shown with dashed lines are only required for the EEE capability.

Figure 126-16—PCS 64B/65B Receive state diagram, part a
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RX_L

rx_raw <= LP_BLOCK_R
rx_Ipi_active <= true

lalert_detect

alert_detect

\ 4
RX_W

|

|

|

|

|

|

|

l

|

|

|

rx_raw <= I_BLOCK_R |

start Ipi_rx_wake_timer |
rx_Ipi_active <= false

rx_lpi_wake <= true |

|

|

|

|

|

|

|

|

|

|

|

|

|

|

Ipi_rx_wake_timér_done*
(R_TYPE(rx «oded)=I)

Ipi_rx_wake_timer_done*
R_TYPE(rx_coded)=! RX_WE

Ipi_rxw_err” cnt¥+
rx_Ipi_waké\<— false

UCT

NOTE—This figure,is mandatory for PHYs with the EEE capability.

Figure 126-17—PCS 64B/65B Receive state diagram, part b
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pcs_reset+!pcs_data_mode

v

T _DNORMAL

tx_Ipi_active < false
tx_Ipi_gr_active < false -
tx_|Ipi_alert_active < false

tx_Ipi_req *
lldpc_two_frame_done

PARTIAL_SLEEP

tx_Ipi_req *
ldpc_two_frame_done

ldpc_two_frame_done

SEND_SLEEP

start Ipi_tx_sleep_timer
tx_|Ipi_active <= true

|
|
|
|
|
|
|
| tx_lIpi_active < true
|
|
|
|
|
|

I
Ipi_tx_sleep_timer_done* Ipi_tx_sleep_timer_done* Ipi_t%/Sleep_timer_done*
tx_Ipi_req* tx_lpi_req* I req -

| (tx_Ipi_full_refresh + Itx_Ipi_full_refresh* -
Itx_refresh_active ) tx_refresh_active

SEND_INITIAL_QUIET

tx_lpi_qgr_active <= true
tx_lpi_initial_quiet <= true

tx_Ipi_req* 1tx_Ipir reg*
Itx_refresh_active |ldpCytwo_frame_done
v v >
SEND_QR

tx_Ipi_qgr_active <= true
tx_lpi_initial_quiet <= false

1tx_Ipitreq *
ldpc2two_frame_done

SEND_ALERT

|

|

|

|

|

|

|

|

|

|

|

| start Ipi_tx_alert_timer
tx_lpi_qgr_active <= false

| tx_lpi_alert_active <= true

|

|

|

|

|

|

|

|

|

|

Ipi_tx_alert_timer_done

v
SEND_WAKE

start Ipi_tx_wake_timer
tx_lpi_alert_active <= false

Ipi_tx_wake_timer_done

NOTE—This figure is mandatory for PHYs with the EEE capability.

Figure 126—-18—EEE transmit state diagram
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126.3.7.3 Loopback

The PCS shall be placed in loopback mode when the loopback bit in MDIO register 3.0.14 issetto aone. In
this mode, the PCS shall accept data on the transmit path from the XGMII and return it on the receive path to

the XGMII. In addition, the PCS shall transmit a continuous stream of 65B-LDPC encoded 4D-PAM 16
symbols to the PMA sublayer, and shall ignore all data presented to it by the PMA sublayer.

126.4 Physical Medium Attachment (PMA) sublayer
126.4.1 PMA functional specifications

The PMA couples messages from a PMA service interface specified in 126.2.2 to the 2. 5GBASE-T and
5GBASE-T baseband media, specifiedin 126.7.

The interface between PMA and the baseband medium is the Medium Dependent Interface (MDI), which is
specified in 126.8.

PMASERVICE ™ = 71

=
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| L = | |
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| | | |
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NOTE 1—The recovered_clock arc is shown to indicate delivery of the recovered clock signal back to PMA TRANSMIT for loop timing.

tha EEE Bili

NOTE 2—pcs_data_mode is required only for the EEE or fast retrain capabilities alert_detect and rx_Ipi_active are only required for

4 p 24

Figure 126-19— PMA reference diagram
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126.4.2 PMA functions

The PMA sublayer comprises one PMA Reset function and five simultaneous and asynchronous operating
functions. The PMA operating functions are PHY Control, PMA Transmit, PMA Receive, Link Monitor,

and Clock Recovery. All operating functions are started immediately after the successful completion of the
PMA Reset function.

The PMA reference diagram, Figure 12619, shows how the operating functions relate to the messages of
the PMA Service interface and the signals of the MDI. Connections from the management interface,
comprising the signals MDC and MDIO, to other layers are pervasive and are not shown in Figure 126-19

126.4.2.1 PMA Reset function
The PMA Reset function shall be executed whenever one of the two following conditions occur:

a) Power on (see 126.3.6.2.2)
b) Thereceipt of arequest for reset from the management entity

All state diagrams take the open-ended pma reset branch upon execution of PMA Reset. The reference
diagrams do not explicitly show the PMA Reset function.

126.4.2.2 PMA Transmit function

The PMA Transmit function comprises four synchronous transmitters to generate four pulse-amplitude
modul ated signals on each of the four pairs BI_DA, BI_DB, BL.DC, and BI_DD. While send_fail is FALSE
and ALERT is not indicated by tx_symb_vector, PMA Transmit shall continuously transmit onto the MDI
pulses modulated by the symbols given by t& 'symb vector[BI_DA], tx_symb_vector[Bl_DB],
tx_symb_vector[BI_DC], and tx_symb vector[Bl "RD], respectively after processing with the THPR,
optional transmit filtering, digital to analog conversion (DAC) and subsegquent analog filtering. When
ALERT is indicated by tx_symb_vector, the dert signal is transmitted as specified in 126.4.2.2.1. When
send_fail is TRUE, the link failure signal sis\fransmitted as specified in 126.4.2.2.2. The four transmitters
shall be driven by the same transmit clock, TX_TCLK. The signals generated by PMA Transmit shall follow
the mathematical description given inc226.4.3.1, and shall comply with the electrical specifications givenin
126.5.

When the PMA_CONFI Gindication parameter config is MASTER, for both normal and LPI operation, the
PMA Transmit function.shalt source TX_TCLK from alocal clock source while meeting the transmit jitter
requirements of 126:5:3.3. The MASTER/SLAVE relationship includes loop timing. If the
PMA_CONFIGindication parameter config is SLAVE, the PMA Transmit function shall source TX_TCLK
from the recovered-Clock of 126.4.2.8 while meeting the jitter requirements of 126.5.3.3.

The PMA Transmit fault function is optional. The faults detected by this function are implementation
specificAf the MDIO interface isimplemented, then this function shall be mapped to the transmit fault bit as
specified in 45.2.1.7.4.

EEE-capable PHY's shall generate the alert signal as defined in 126.4.2.2.1. PHY's that support the fast
retrain capability shall generate the link failure signal as defined in 126.4.2.2.2. If ALERT is indicated by
tx_symb_vector at the sametime as send_fail is TRUE, then link failure signaling is transmitted.

126.4.2.2.1 Alert signal

PHYs that support the optional EEE capability transmit the following PAM2 sequence when the
PMA_UNITDATA. request parameter is set to ALERT. The aert signal is sent for atotal of 8 LDPC frame
periods and begins on a LDPC 2-frame 256 4D-symbol boundary aligned to the inversion on pair A during
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PMA training. The adert signal is transmitted without THP filtering. The alert signal is transmitted on pair A
when the PHY operatesasa MASTER. The dert signal is transmitted on pair C when the PHY operatesasa
SLAVE. All other pairstransmit quiet as described in 126.3.5.

When the PMA_CONFIGindication(config) isMASTER the alert signal is composed of 7 repetitions of the
following 128 symbol PAM2 sequence, followed by 128 zero symbols.

Xpr_master =

9 9 9 9 9 9 9 9 9 9 9 9 9 HB/9 9
9 9 999 9 999 9 9 9.9 -9 9 9

When the PMA_CONFIGindication(config) is SLAVE the alert signal is composed of 7 repetitions of the
following 128 symbol PAM2 sequence, followed by 128 zéro symbols.

Xpr_slave =

9 9 9 9 9 9 9 9«9 9 9 9 9 9B 9 9

959 9 9 9 9 9 9 9 9 9 9 9 9 9 9
9 9 9 9 999 9 9 9 9 9 9 9 9 9
The aert signal is followed by a wake signal composed of repeated IDLE characters encoded using the

64B/65B encoding technique. At the start of the wake signal all THP feedback delay lines are initialized
with zeros.
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126.4.2.2.2 Link failure signal

PHY s that support the fast retrain capability transmit the link failure signal under the control of the Fast
Retrain state diagram. The link failure signal indicates to the link partner that alink failure has been detected

and that the link partners should begin the fast retrain procedure.

The link failure signal is sent for 8 LDPC frames and begins on an even LDPC frame boundary aligned to
the inversion on pair A during PMA training. The link failure signal is transmitted without THP filtering.
The link failure signal is transmitted on pair A when the PHY operates as a MASTER. The link failure
signa is transmitted on pair C when the PHY operates as a SLAVE. All other pairs transmit quiet_as
described in 126.3.5.

When the PMA_CONFIGindication(config) is MASTER, the link failure signa is compesed of 7
repetitions of the following 128 symbol PAM2 sequence, followed by 128 zero symbols.

xfr_master = xpr_master x (—1)

When the PMA_CONFIGindication(config) is SLAVE thelink failure signal is composed of 7 repetitions of
the following 128 symbol PAM 2 sequence, followed by 128 zero symbols.

xfr_slave = xpr_slave x (—1)
126.4.2.3 PMA transmit disable function
126.4.2.3.1 Global PMA transmit disable function

The Global_PMA _transmit_disable function allows all<ofythe transmitters to be disabled. It is used in either
of the following cases:

a) WhenaGloba PMA_transmit_disable variableis set to TRUE, this function shall turn off all of the
transmitters so that the each transmitter Average Launch Power of the OFF Transmitter is less than
-53 dBm.

b) If aPMA_transmit_fault is.detécted, then the PMA may set the Global PMA_transmit_disable to
TRUE, turning off the transmitter on each pair.

126.4.2.3.2 PMA pair by pair transmit disable function

The PMA_transmit_disable function allows the transmitters on each pair to be selectively disabled.

When a PMA gtransmit_disable N variable is set to TRUE, this function shall turn off the transmitter
associated with,that variable so that the transmitter Average Launch Power of the OFF Transmitter is less
than —-53 dBm.

126(4-2.3.3 PMA MDIO function mapping

The MDIO capability described in Clause 45 defines severa variables that provide control and status

information for and about the PMA. Mapping of MDIO control variablesto PMA control variablesis shown
in Table 126-6. Mapping of MDIO status variables to PMA status variablesis shown in Table 126-7.
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Table 126-6—MDIO/PMA control variable mapping

MDIO control variable PMA register name Ri?jigébit PMA control variable
Reset Control register 1 1.0.15 PMA_reset

Global transmit disable | Transmit disableregister | 1.9.0 Global_PMA_transmit_disable
Transmit disable pair D | Transmit disable register 194 PMA _transmit_disable D
Transmit disable pair C | Transmit disable register 193 PMA _transmit_disable C
Transmit disable pair B | Transmit disable register | 1.9.2 PMA _transmit_disable B
Transmit disable pair A | Transmit disableregister | 1.9.1 PMA_transmit_disable A

Table 126—7—MDIO/PMA status variable mapping

MDIO statusvariable PMA register name R?ﬂige/rb't PMA statusvariable
Fault Statusregister 1 1.2:7 PMA_fault

Transmit fault Status register 2 1.8.11 PMA _transmit_fault
Receive fault Status register 2 1.8.10 PMA _receive fault

126.4.2.4 PMA Receive function

The PMA Receive function comprisesfour independent receivers for pulse-amplitude modul ated signals on
each of the four pairs BI_DA,-BI"DB, BI_DC, and BI_DD. The PMA Receive contains the circuits
necessary to both detect symbol sequences from the signals received at the MDI over receive pairs Bl_DA,
BI_DB, BI_DC, and BI_DD"and to present these sequences to the PCS Receive function. The signals
received at the MDI aredescribed mathematically in 126.4.3.2. The PMA trand ates the signals received on
pairs BlI_DA, B] bB, BI_DC, and BI_DD into the PMA_UNITDATA.indication parameter
rx_symb_vector. The quality of these symbols shall allow an LFER of less than 3.2 x 107 after LDPC
decoding, over 'a.channel meeting the requirements of 126.7. The receiver shall correct for differential delay
variations_of\up to 50 ns across the wire-pairs. The delay skew is removed by computing the relative
received.delay of the four known transmit patterns described in 126.3.4.

To-achieve the indicated performance, it is highly recommended that PMA Receive include the functions of
Signal equalization, echo and crosstalk cancellation. The sequence of code-groups assigned to
tx_symb_vector is needed to perform echo and self near-end crosstalk cancellation.

The PMA Receive function uses the scr_status parameter and the state of the equalization, cancellation,
estimation, and LPI functions to determine the quality of the receiver performance, and generates the
loc revr status variable accordingly. The precise algorithm for generation of loc rcvr status s

implementation dependent.
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The receiver uses the sequence of symbols during the training sequence to detect and correct for pair swaps
and crossovers. The receiver pairs BI_DA, Bl_DB, BI_DC, and BI_DD may be connected in any manner
described in 126.4.4 to the corresponding transmit pairs. The receiver also detects and corrects for polarity
mismatches on any pairs and corrects for differential delay variations across the wire-pairs.

The PMA Receive fault function is optional. The PMA Receive fault function is the logical OR of the
link_status = FAIL and any implementation specific fault. If the MDIO interface is implemented, then this
function shall contribute to the receive fault bit specified in 45.2.1.7.5.

PMA receive functions that support the optional EEE capability shall generate alert_detect when the aleft
signal is detected at the receiver. The PMA receive function asserts alert_detect after the entire alert signal \(7
LDPC frame periods of the xpr_master or xpr_slave sequence and 1 frame of silence) has been detected.\The
aert signal is specified in 126.4.2.2.1. The criterion used to generate alert_detect is|eft to the implementer.

PHY sthat support the fast retrain capability shall set link_fail_detect to TRUE when the linkjféeiture signal is
reliably detected at the receiver. The PMA receive function asserts link_fail_detect aftér'the entire link
failure signal (7 LDPC frame periods of the xfr_master or xfr_slave sequence and 1 frame of silence) has
been detected. The link failure signa is specified in 126.4.2.2.2. The criterion used to generate
link_fail_detect isleft to the implementer. It is highly recommended that the genefation of link_fail_detect is
qualified with repeated errored frames at the LDPC decoder output.

126.4.2.5 PHY Control function

PHY Control generates the control actions that are needed to briggthe PHY into a mode of operation during
which frames can be exchanged with the link partner. PHY -C€ontrol shall comply with the state diagram
description given in Figure 126-26.

During PMA training (includes PMA_Trainingdnit M, PMA_Training_Init S, PMA_PBO_Exch,
PMA_Coeff_Exch, and PMA_Fine Adjust states inFigure 126-26), PHY Control information is exchanged
between link partners with a 16 octet Infofield, which is XOR’ed with the last 128 bits of the PMA 16384
PAM?2 frame on pair A (see Figure 126-11);~The link partner is not required to decode every Infofield
transmitted but is required to decode Infefields at a rate that enables the correct actions to timer expiration
times, transition counter values, etc..described in Figure 12626, Figure 126-27, and Figure 126-28.

The 16 octet Infofield shall in€lude the fields in 126.4.2.5.2 through 126.4.2.5.14, also shown in the
overview Figure 12620, andthe more detailed Figure 126-21, Figure 126-22, and Figure 126-23.

Start of Frame Délimiter | 3 Transmitter | Message SNR MessageField | MessageField | CRC16
0xBBA 70000 Settings Field Margin Dependent Dependent

4 octets 3 octets 1 octet 4 bits 1.5 octets 4 octets 2 octets

Figure 126—-20—Infofield format
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Start of Frame Delimiter | 3 Transmitter | Message | SNR | Reser- | Transition | Reser- | Vendor | CRC16

OxBRBA 70000 Settings Eield Margin ved Counter ved/ Specific
Ability
4 octets 3 octets 1 octet 4bits 2 bits 10 bits  2octets 2 octets 2 octets

Figure 126—21—Infofield transition counter format

Start of FrameDelimiter | 3 Transmitter | Message SNR Coefficient Coefficient CRC16
0xBBA70000 Settings Field Margin Exchange Field

4 octets 3 octets 1 octet 4 bits 1.5 octets 4 octets 2 octets

Figure 126-22—Infofield coefficient exchange format

Start of FrameDelimiter | 3 Transmitter | Message SNR Reserved | Reserved | Vendor | CRC16
0xBBA70000 Settings Field Margin /Ability Specific

4 octets 3 octets 1 octet 4bits 15octets 2 octets 2octets 2 octets

Figure 126-23—Infofield not transition.counter and not coefficient exchange format

126.4.2.5.1 Infofield notation

For all the Infofield notation bel ow;-Reserved<bit location> represents any unused values and shall be set to
zero and ignored by the link partrer. For all PBO Infofield values below, the PBO<6:4> are unsigned 3-bit
values 000, 001, 010, 011, 100; 101, 110, and 111 shall indicate power backoffs of 0 dB, 2 dB, 4 dB, 6 dB,
8dB, 10 dB, 12 dB, and-14'dB respectively. The Infofield is transmitted following the notation described in
126.3.2.2.3 where the L'SB of each octet is sent first and the octets are sent in increasing number order (that
is, the LSB of Octet\l is sent first).

126.4.2.5.2 Start of Frame Delimiter

The start’of Frame Delimiter consist of 4 octets [Octet 1<7:0>, Octet 2<7:0>, Octet 3<7:0>, Octet 4<7:0>]
and shall use the hexadecimal value OXBBA70000. 0XxBB corresponds to Octet 1<7:0> and so forth.

126.4.2.5.3 Current transmitter settings
Current transmitter setting (1 octet). Represented by Octet 5{ Valid<7>, PBO<6:4>, Reserved<3:0>} and

shown in Figure 126—24. Used to announce the current fixed PBO setting during PMA_Training_lnit_M,
PMA_Training_Init S and PMA_PBO_Exch, and the current programmable PBO setting during

PMA_Coeff_Exch. For every other state this octet 1S set to zero and ignored by thelink partner. The bit Valid
shall be set to one if the corresponding octet information is valid and shall be set to zero if it the octet
information is not valid. If Valid is set to zero, the octet isignored by the link partner.
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Single transmitter setting detail (one for current, next, or requested)

Vaelid PBO Reserved
|

| | | l
bit7 bit6 bit5 bit4 bit3 bit2 bitl hitO

Figure 126-24—Infofield transmitter setting format

126.4.2.5.4 Next transmitter settings

Next transmitter setting (1 octet). Represented by Octet 6{Vaid<7>, PBO<6:4>, Reserved<3:0>} and
shown in Figure 126-24. Used to announce the next programmable PBO setting during PMA_PBO_Exch
that takes effect upon entering PMA_Coeff Exch state. For every other state, this octet s set to zero and
ignored by the link partner. The bit Valid shall be set to one if the corresponding octebinformation is valid
and shall be set to zero if it the octet informationisnot valid. If Valid is set to zero, the octet isignored by the
link partner.

126.4.2.5.5 Requested transmitter settings

Requested remote transmitter setting (1 octet). Represented ) by Octet 7{Valid<7>, PBO<6:4>,
Reserved<3:0>} and shown in Figure 126-24. Used to request'the remote transmitter programmable PBO
setting during PMA_PBO_Exch that takes effect upon entering PMA_Coeff Exch state. For every other
state, this octet is set to zero and ignored by the link<partner. The bit Valid shall be set to one if the
corresponding octet information is valid and shall beset'to zero if it the octet information is not valid. If
Valid is set to zero, the octet isignored by the link partner.

126.4.2.5.6 Message field

Message field (1 octet). For the MASTER, this field is represented by Octet 8{PMA_state<7:6>,
loc_revr_status<5>, en_slave tx<4>,trans to_Coeff Exch<3>, Coeff _exchange<2>, trans to_Fine Adjust<1>,
trans to_PCS Test<0>}. For the~ASLAVE, this field is represented by Octet 8{PMA_state<7:6>,
loc_revr_status<5>, timing_lockxOK <4>, trans to_Coeff Exch<3>, Coeff_exchange<2>, trans to _Fine Adjust
<1>, trans_to_PCS Test<0>}.

The two state-indicator bits PMA_state<7:6> shall indicate the state of the transmitting transceiver to the
link partner as follews: PMA_state<7:6>=00 indicates PMA_Training_Init_ M or PMA_Training_lnit_S,
PMA_state<7:65=01 indicates PMA_PBO_Exch, PMA_state<7:6>=10 indicates PMA_Coeff Exch, and
PMA_state<7:6>=11 indicates PMA_Fine_Adjust.

All possthle Message field settings are listed in Table 126-8 for the MASTER and Table 126-9 for the
SLAVE: No other value shall be transmitted, and all other values shall be ignored at the receiver. The
Message field setting for the first transmitted PMA frame shall be the first row of Table 126-8 for the
MASTER and the first row of Table 126-9 for the SLAVE. Moreover, for agiven Message field setting, the
following Message field setting shall be the same Message field setting or the Message field setting
corresponding to arow below the current setting. When loc_rcvr_status=OK the Infofield variable is set to
loc_revr_status<5>=1 and set to 0 otherwise.
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Table 126-8—Infofield message field valid MASTER settings

PMA_state<7:6> | loc_rcvr_ | en_slave tx trans_to_ Coeff_ trans_to_ trans_to_

status Coeff_Exch | exchange | Fine Adjust | PCS Test
00 0 0 0 0 0 0
00 0 1 0 0 0 0
01 0 1 0 0 0 0
01 0 1 1 0 0 0
10 0 1 0 0 0 0
10 0 1 0 1 0 0
10 0 1 0 0 0 0
10 0 1 0 0 1 0
11 0/1 1 0 0 0 0
11 1 1 0 0 0 1

Table 126-9—Infofield messagefield valid SLAVE settings

PMA_state<7:6> | loc rcvr_ | timing_lock trans to_ Coeff_ trans_to_ trans_to_

status _OK Coeff_Exch | exchange | Fine Adjust | PCS Test
00 0 0 0 0 0 0
00 0 0/1 0 0 0 0
01 0 1 0 0 0 0
01 0 1 1 0 0 0
10 0 0/1 0 0 0 0
10 0 1 0 1 0 0
10 0 1 0 0 0 0
10 0 1 0 0 1 0
11 0 0/1 0 0 0 0
11 0/1 1 0 0 0 0
11 1 1 0 0 0 1

126.4.2.5.7 SNR_margin

[l Nim] bt 3 TVt P W aViw iV,

H LA L hiak. 'y H -l - -t e Nim} H H
SO TTIaArgrT (= OtS M CPTCSCImCU Uy " OCtCr I=T7- 5=, WiTCIT TCPUMS TCCCvVCU OISO PO I SN Thiarg T

1/2 dB steps. SNR_marginis relative to the SNR required for reception of LDPC-coded PAM16 at an LDPC
frame error ratio of lessthan 3.2 x 102, The SN R_margin<7:4> 4-hit values, 0010, 0011, 0100, 0101, 0110,
0111, 1000, 1001, 1010, 1011, 1100, 1101, 1110 shall indicate the decision point SNR margin values of —1.5,
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-1,-05,0,05,1,15, 2,25, 3, 3.5, 4, 4.5 dB respectively. The value 0001 shall indicate a margin of —2 dB
or less, and the value 1111 shall indicate 5 dB or more. Finally, the value 0000 shall indicate that the SNR
margin value is unknown.

126.4.2.5.8 Transition counter

Transition counter (10 bits). Represented by the 1.25 octets [Octet 9<1:0>, Octet 10<7:0>]. When
configured as Transition counter (Coeff_exchange<2>=0 and a transition is announced to
PMA_Coeff_Exch, PMA_Fine Adjust or PCS_Test) this field is used as a 10-bit counter that counts the
number of remaining frames until the next transition (PMA_Coeff_Exch, PMA_Fine_Adjust, PCS Test).

126.4.2.5.9 Coefficient exchange handshake

Coefficient exchange handshake (12 bits). Represented by the 1.5 octets [Octet 9<3:0>, Octet. 10<7:0>]. If
Coeff_exchange<2>=1, this field is configured as a Coefficient exchange handshake and is used as a
handshake control channel during programmable THP coefficient exchange. The details of the coefficient
exchange are described in 126.4.2.5.15.

126.4.2.5.10 Ability fields

Ability field (1 octet). Represented by Octet 12{EEE Ability<7>\ THP Bypass Request<6>,Fast
Retrain<5>, Reserved<4:0>}. Used to advertise the abilities of the PHY..during the PMA_PBO_Exch state
when Message<7:6> = 01.

For every other state, this octet is set to zero and ignored by thie link partner. The Ability bits are defined as
follows:
Octet 12<4:0> = Reserved
Octet 12<5> = Fast Retrain
0 = Fast Retrain not supported
1 = Fast Retrain supported
Octet 12<6> = THP Bypass Request in PMA_Coeff Exch state
0 = Local device requests link partner not to bypass THP during fast retrain
1= Local devicerequests link partner to bypass THP during fast retrain
Octet 12<7> = EEE Ability
0 = EEE not supported
1 ="EEE supported.
126,4'2:5.11 Reserved fields
AllMnfofield fields denoted Reserved in Figure 126-21, Figure 12622, and Figure 126-23 are reserved for
future use. Thisincludes Octet 11 and Octet 12 when Coeff_exchange<2>=0 and Message<7:6> is not equal
to 01; Octet 9<3:2> when transition counter is announced; and [Octet 9<3:0>, Octet 10<7:0>] when no
transition is announced and no coefficients are exchanged.

126.4.2.5.12 Vendor-specific field

If Coeff_exchange<2>=0, Octet 13 and Octet 14 are vendor-specific fields. If during Auto-Negotiation both
transceivers agree on the use of the two vendor-specific octets, they may be used as a PHY communication
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channel; otherwise they are set to zero and ignored by the link partner. They are represented by Octet
13<7:0> and Octet 14<7:0>.

126.4.2.5.13 Coefficient field

The Coefficient field (4 octets) is represented by Octet 11<7:0>, Octet 12<7:0>, Octet 13<7:0>, and
Octet 14<7:0>. When Coeff_exchange<2>=1, this field is used to exchange programmable THP
coefficients. It transmits four 8-bit THP coefficients out of the total of 64 (16 coefficients over each of the 4
pairs). The order ispair A, coefficients 0:3, followed by coefficients 4.7, followed by 8:11 and 12:15. For al
cases the first coefficient (indices 0, 4, 8, and 12) is mapped to Octet 11, the second coefficient (indices 1, 5;
9, 13) is mapped to Octet 12 and so on. The same coefficient order is followed to transmit the coefficients
for pair B, followed by pair C, and finally pair D. The details of the coefficient exchange are described in
126.4.2.5.15.

126.4.2.5.14 CRC16

CRC16 (2 octets). Thisfield shall contain the CRC16 value calculated using the polyfiomial (x+1)(x+x+1)
of the previous 10 octets, Octet 5<7:0>, Octet 6<7:0>, Octet 7<7:0>, Octé&t’8<7:0>, Octet 9<7:0>,
Octet 10<7:0>, Octet 11<7:0>, Octet 12<7:0>, Octet 13<7:0>, and Octet 14<7:0>. The CRC16 shall
produce the same result as the implementation shown in Figure 126-25. (n*Figure 126-25 the 16 delay
elements S0, ..., S15, shall be initialized to zero. Afterwards Octet 5 through' Octet 14 are used to compute
the CRC16 with the switch set to CRCgen in Figure 126-25. After all the10 octets have been processed, the
switch is set to CRCout and the 16 values stored in the delay elementsiare transmitted in the order illustrated,
first S15, followed by S14, and so on, until the final value SO.

CRCgen CRCout
3

y .
SO (o S (P S2 > e > 514+<5~ 515]:@ Logic0

—
CRC16 output

Octet 5 through Octet 14

Figure 126-25—CRC16

126.4.2.5-15"Startup sequence

The startlp sequence shall comply with the state diagram description given in Figure 12626 and the
transition counter state diagrams Figure 126-27 and Figure 126-28.

During Auto-Negotiation, PHY Contral is in the DISABLE_2.5G/5GBASE-T_TRANSMITTER state and
the transmitters are disabled. During normal training, prior to enabling the transmitter, the THP coefficients
are set to zero.

PHY Control —entersthe

INIT MAXWAIT TIMER state Upon entenng thIS state the maxwajt timer is started and PHY Control
enters the SILENT state, which starts the minwait_timer and forces transmission of zeros by setting
tx_mode=SEND_Z.
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In MASTER mode, after expiration of the minwait_timer, PHY Control transitions to the
PMA_Training_Init_M state.

Upon entering the PMA_Training_Init M and PMA_Training_Init_S states, the PHY Control forces

transmission into the training mode by asserting tx_mode=SEND_T, which includes the transmission of
Infofields.

Upon entering state PMA_Training_Init_M, the MASTER starts transmission with a fixed transmit power
level, PBO=4 (corresponding to a power backoff of 8 dB). The PBO variable is communicated to the link
partner viathe current transmitter octet of the Infofield.

Initially the MASTER is not ready for the SLAVE to respond and sets en slave tx=0, which is
communicated to the link partner via the Infofield. After the MASTER has sufficiently copverged the
necessary circuitry, the MASTER must set en slave tx=1 to alow the SLAVE torttansition to
PMA_Training_Init_S.

In SLAVE mode, PHY Control transitions to the PMA_Training_Init_S state only &fter the SLAVE PHY
acquires timing, converges its equalizers, acquires its descrambler state and sets1oC” SNR_margin=0OK. The
SLAVE shall respond using the fixed PBO transmit power level, PBO=4 (correSponding to a power backoff
of 8dB). For PHYs with the EEE capability, further requirements for this-transition are described in
126.3.5.1.

While in states PMA_Training_Init S, PMA_PBO_Exch, or PMA' Coeff Exch, whenever a SLAVE
operating in loop timing mode loses the MASTER timing reference (for example, after transmit power level
transitions) it sets timing_lock_OK=0, which is communicated to the link partner via the Infofield.
Otherwise, timing_lock_OK is set to one.

In MASTER mode, PHY Control enters the PMANPBO_Exch state after loc_SNR_margin=OK and in
SLAVE mode PHY Control enters the PMA <\PBO_Exch state after the loc_SNR_margin=OK and
minwait_timer expires. In the PMA_PBO_Exch state while Infofield Message<7:6> = 01, the PHY
advertises EEE and Fast Retrain capability-in’octet 12 of the Infofield. When both the local device and
remote device advertise EEE capability \then EEE is supported. When both the local device and remote
device advertise Fast Retrain capability,then Fast Retrain is supported. In the PMA_PBO_Exch state, after
the MASTER has computed the final, desired programmable PBO level, it shall request a PBO change using
the requested transmitter setting:inithe Infofield (octet 7). In SLAVE mode, after the MASTER has requested
the desired PBO level, the SLAVE shall request a desired PBO level that is within two levels (within 4 dB)
of the requested MASTER'PBO level.

Following PBO exchange for both transceivers, each PHY shall announce the next PBO setting using the
next transmitter-setting (octet 6). Afterwards, each PHY announces a transition to the PMA_Coeff _Exch
state using thie frans_to_Coeff Exch=1 and transition_count as described in 126.4.5.1. MASTER initiates
the transition-to PMA_Coeff Exch count with the trans to_Coeff Exch=1 flag and a transition counter
value of-Sx 28. The SLAVE responds prior to the MASTER transition counter reaching Sx 2° by setting
trans~o Coeff Exch=1 flag and a transition counter value matching the MASTER. The PMA frame after
eachtransceiver transition_count reaches zero, the PHY s shall enter the PMA_Coeff Exch state and enable
the requested PBO. Therefore, both PHY s enter the PMA_Coeff_Exch state within one PMA frame.

While both MASTER and SLAVE are in state PMA_Coeff Exch, when either end has computed the
programmable THP settings, the programmable THP coefficient exchange process can begin, using the 1.5-
octet Coefficient exchange handshake and the 4-octet Coefficient field as follows:

a) During PMA_Coeff_Exch each PHY begins a coefficient exchange by setting the Coeff Exchange
flag to 1 in the Message field.
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b) During coefficient exchange, the transition counter bits are used as the Coefficient Exchange
Handshake
1) Octet Y Reserved<3:0>}: unused
2) Coefficient Pair Received, Octet 10<7:6>: 01 for local transmitter pair A, 10 for B, 11 for C

and 00 for D (default). This is the handshake to tell the remote unit the last coefficients
received.

3) Coefficient Group Received, Octet 10<5:4>: 01 for coefficients 0:3, 10 for 4:7, 11 for 8:11 and
00 for 12:15 (default). This is the handshake to tell the remote unit the last coefficients
received.

4) Coefficient Pair Sent, Octet 10<3:2>: 01 for remote transmitter pair A, 10 for B, 11 for C and
00 for D (default). This is the handshake to tell the remote unit the current coefficients being
sent.

5) Coefficient Group Sent, Octet 10<1:0>: 01 for 0:3, 10 for 4:7, 11 for 8:11 and 00,for 12:15
(default). Thisis the handshake to tell the remote unit the current coefficients being sent.

c) The Coefficient field is used to send four 8-bit coefficients in each frame designated by the
Coefficient Pair Sent and Coefficient Group Sent bits. The coefficient format is-as follows:

1) 8bhitsper coefficient. Use one octet per coefficient in twos complement fRetation
2) Coefficient rangeis—2.0 to 1.984375 in steps of 0.015625
3) Thesign of the coefficients shall be consistent with Equation (126—3)

d) EachPHY beginsthe exchange by sending pair A coefficients 0:3 with'Coefficient Pair Sent=01 and
Coefficient Group Sent=01.

€) The remote unit acknowledges by setting Coefficient Pair \Réceived=01 and Coefficient Group
Received=01.

f)  Following each acknowledgment, the PHY increments-through the Coefficient Group and then
Coefficient Pair settings until Coefficient Pair Serit=00 and Coefficient Group Sent=00 and
Coefficient Pair Received=00 and Coefficient/Group Received=00. At this time, coefficient
exchange is done and both PHY s set Coeff Ex¢hange=0.

Following coefficient exchange for both transceivers, each PHY announces a transition to the
PMA_Fine Adjust state (trans_to_Fine Adjust=1) and starts the transition_count as described in 126.4.5.1.
During the first PMA frame after the trangition”_count reaches zero, the PHY s enter the PMA_Fine_Adjust
state and enable the THP precoders with thetequested coefficients. At the closure of the THP feedback 1oop,
theinitial state of the THP feedback.fitters shall be the last 16 symbols from the state PMA_Coeff_Exch.

The THP coefficients and PBO setting may not be changed during PMA_Fine Adjust. The final
convergence of the adaptivefilter parametersis completed in the PMA_Fine Adjust state.

After the PHY completes successful training and establishes proper receiver operations, PCS Transmit
conveys this information to the link partner via transmission of the parameter Infofield value
loc_rcvr_status/The link partner’s value for loc_rcvr_status is stored in the local device parameter
rem_rcvr_status."When the condition loc_rcvr_status=OK and rem_rcvr_status=OK is satisfied, each PHY
announces a transition to the PCS_Test state (trans to PCS Test=1) and start the transition counter as
describedyin 126.4.5.1. For PHYs with the EEE capability, further requirements for this transition are
described in 126.3.5.1.

The norma mode of operation corresponds to the PCS Data state, where PHY Control asserts
tx_mode=SEND_N and transmission of data over the link can take place.

PHY Control may force the transmit scrambler state to be initialized to an arbitrary value by requesting the
execution of the PCS Reset function defined in 126.3.2.1.

The operation of the maxwait_timer requires that the PHY complete the startup sequence from state
SILENT to PMA_Fine_Adjust in the PHY Control state diagram (Figure 126-26) in less than 2000 ms to
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avoid link_status being changed to FAIL by the Link Monitor state diagram (Figure 126-29). To ensure
interoperability the timing in Table 126-10 should be observed.

After reaching the PCS Data state, PHY s with the EEE capability can transition to the LPI receive mode

under the control of the link partner and to the LPI transmit mode under control of the local LPI client.

Table 126—-10—Recommended startup sequence timing

Recommended | Recommended

Master maximum average Slave
time (ms) time (ms)
SILENT plus
(PMA_Training_Init_M state 350 315 SILENT

AND en_dave tx=0)

(PMA_Training_lnit_M state
AND en_dlave tx = 1) plus 480 432
PMA_PBO_Exch state

PMA_Training_Init_S state
plus PMA_PBO_Exch state

PMA/Coeff_Exch state with

100 90 = -
PMA_Coeff_Exch state timing_lock_OK=0
520 468 Total for PMA Coeff Exch state
PMA_Fine Adjust state 650 585 PMA_Fine Adjust state
Total 2000 1800

126.4.2.5.16 Fast retrain function

PHY's that support the fast retrain capability,shall conform to the fast retrain state diagram shown in
Figure 126-31. PHY s may request afast refrain by setting the variable loc_fr_req to TRUE. This causes the
transmission of an easily-detected linksfailure signal specified in 126.4.2.2.2. After completing the link
failure signa the PHY shal trahsition to the PMA_INIT_FR state followed immediately by the
PMA_Coeff_Exch state. If the link partner requested THP bypass for fast retrain the PHY bypasses the THP
(or set THP coefficients to_zere). Otherwise the PHY shall keep its THP turned on with its previously
exchanged coefficients, and ,;send PAM2 signaling within a time period equivalent to 18 LDPC frame
periods.

After the detection\of the link failure signal, a PHY shall transition to the PMA_Coeff Exch state and
respond with PAM?2 signaling within atime period equivalent to 18 LDPC frame periods after receiving the
link failure signal.

The .PAM2 symbols are generated using the PMA sidestream scrambler polynomials shown in
Figure’126-11. The training sequence described in 126.3.4 shall be used during fast retraining, with the
Scramblers free-running from PCS Reset.

Note that reliable traffic on the transmitter may be interrupted when the local receiver requests afast retrain.

Following the link failure signal, the two link partners transition back to the PMA_Coeff Exch state and
follow the training procedure described in 126.4.2.5.15, with the exception that the initial Infofield

countdown values are reduced asindicated in Figure 12627 and Figure 126-28.

To ensure interoperability the training times in Table 126-11 should be observed during the fast retrain.
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Table 126-11—Recommended fast retrain sequence timing

Recommended
Sate maximum time (ms)
PMA_Coeff Exch state 20
PMA_Fine_Adjust state 10

126.4.2.6 Link Monitor function

Link Monitor determines the status of the underlying receive channel and communicates it via thewvariable
link_status. Failure of the underlying receive channel typically causes the PMA's clients to suspend normal
operation.

The Link Monitor function shall comply with the state diagram of Figure 126-29.

Upon power on, reset, or release from power down, the Auto:Negotiation algorithm sets
link_control=SCAN_FOR_CARRIER and, during this period, sends fast link pulses to signal its presence to
aremote station. If the presence of aremote station is sensed through reeeption of fast link pulses, the Auto-
Negotiation algorithm sets link_control=DISABLE and exchanges AttoNegotiation information with the
remote station. During this period, link_status=FAIL is asserted. If the)presence of aremote 2.5GBASE-T or
5GBASE-T station is established, the Auto-Negotiation algorithm permits full operation by setting
link_control=ENABLE. As soon as reliable transmission /s achieved, the variable link_status=OK is
asserted, upon which further PHY operations can take plaCe.

126.4.2.7 Refresh Monitor function
The Refresh monitor is required for PHY's that support the EEE capability. The Refresh monitor operates
when the PHY isin the LPI receive mode_“The Refresh monitor shall comply with the state diagram of
Figure 126-17. The function forces alink retrain if arefresh signal is not reliably detected within a moving
time window equivalent to 50 compléte quiet-refresh cycles (nominally equa to 16.384/Sms), when the
PHY isin the lower power receive mode.

126.4.2.8 Clock Recoveryfunction

The Clock Recovery fuhetion couplesto all four receive pairs. It may provide independent clock phases for
sampling the signals.on each of the four pairs.

The Clock Recovery function shall provide clocks suitable for signal sampling on each line so that the
LDPC FER'indicated in 126.4.2.4 is achieved. The received clock signal should be stable and ready for use
when tfaihing has been completed (loc_rcvr_status=OK). The received clock signal is supplied to the PMA
Transmit function by received_clock.

126.4.3 MDI

Communication through the MDI is summarized in 126.4.3.1 and 126.4.3.2.

126.4.3.1 MDI signals transmitted by the PHY

The symbols to be transmitted by the PMA on the four pairs BI_DA, BlI_DB, BI_DC, and BI_DD are
denoted by tx_symb_vector[BI_DA], tx_symb_vector[Bl_DB], tx_symb vector[BI_DC], and
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tx_symb_vector[BI_DD], respectively. The modulation scheme used over each pair is PAM16. PMA
Transmit generates a pul se-amplitude modulated signal on each pair in the following form:

n./ \—116 \ 0. ﬁ16 LA 2\
)\n - IVIKan_Lk - 1)\n_kbk) - oln T QLIIIn—Lk - 1)\n_kbk \J.LU—O)
s(t) = Z:: o¥ahr(t=nT) (126-4)

In Equation (126-3), a,, is the PAM 16 modulation symbol from the set {-15, 13, -11, -9, -7, -5, -3, -1, §
3,5,7,9, 11, 13, 15} to be transmitted at time nT . Each of the 16 THP coefficients ¢;, C,,..., C1g P& Wife
pair is represented in two's complement form by 8 bits described in 126.4.2.5. The nonlinear THP operation
given by M(a) = (o+16)mod32—-16 corresponds to changing the modulation symbolya, to an
augmented modulation symbol én = a, +32m, with the integer m, chosen such that the THRdutput liesin
the interval —16 < x, < 16 . Equation (126-4) describes the convolution of the THP output sighals with the
transmitter symbol response hT(t) to obtain the transmit signal s(t) at the MDI~The values of the
programmable THP coefficients are exchanged in the Infofield during PMA_Coeff CExch. The THP filter
coefficients shall be fixed after startup.

The nomina power (denoted Ptx) and the symbol response of the PMA trahsmitted signal s(t), shall
comply with the electrical specifications given in 126.5. When the link'segment does not experience the
maximum insertion loss (IL), each transceiver indicates to the link\partner that the link partner PMA
Transmit signal shall be reduced in increments of 2 dB. The mininum power backoff level requested shall
comply with the power backoff schedule in Table 126-12. If a\given receiver has sufficient decision point
SNR margin, it may choose to request from the link partner larger power backoff (up to 14 dB) than shown
in Table 126-12. Additionally, the Slave shall select a PBQ level as described in the PMA_PBO_Exch state
of 126.4.2.5.15. The PMA Transmit shall be capable of eight power backoff settings in approximately 2 dB
steps. The difference between each consecutive power setting shall be 2 + 0.25 dB, and each step shall be
centered at 2 x ndB (n = 0to 7) reduction from,neminal, with amaximum error of + 1 dB.

The received signal power at the MDI, P+(dBm), in Table 126-12, should be the estimate of the average
received power across all four pairs from the remote transmitter when the link partner PMA Transmit is at
nominal power (after accounting for docal transmitter power). If the remote transmitter is not at nominal
power during the measurement, the-estimate of the received power should be incremented by the amount of
power backoff of the link partnef.fransmitter during the measurement. Nominal power refers to the transmit
power without any power backoff and is specified in 126.5.3.4. The estimate of the received signal power is
stored in registers 1.141\10-1.144 as described in 45.2.1. The values in the length, L (m), column in
Table 12612 are for reference only (not required for power backoff evaluation).
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Table 126-12—Power backoff schedule

5GBASE-T
Received signal power at MDI, Length L(m) Minimum power
P (dBm) (reference) backoff (dB)
-58<P 0<L<35 8
-70<P<-58 35<L<45 6
-92<P<-70 45<L <65 4
-11<P<-92 65<L <85 2
P<-11 85<L 0
25GBASE-T
Received signal power at MDI, Length L(m) Minimum power
P (dBm) (reference) backoff{dB)
-43<P 0<L<45 2
P<-43 45<L 0

126.4.3.2 Signals received at the MDI

Signals received at the MDI can be expressed for each pair as pulse-amplitude modulated signals that are
corrupted by noise as follows:

rn = Y oaphgt=nT) +w(b) (126-5)

In Equation (126-5), a, are the augmented PAM16 modulation symbols described in 126.4.3.1, hg(t)
denotes the symbol response of the oyerall channel from the THP precoder to the MDI at the receiver, and
w(t) represents the contribution of “various noise sources including uncancelled crosstalk. The four signals
received on pairs BI_DA, Bl_BB/BI_DC, and BI_DD are processed within the PMA Receive function to
yield the received symbols rx.symb_vector.

126.4.4 Automatic MBI/MDI-X configuration

Automatic MDIMDI-X configuration isintended to eliminate the need for crossover cables between similar
devices. Automatic MDI/MDI-X configuration is required for 25GBASE-T and 5GBASE-T devices and
shall comply with 40.4.4.1 and 40.4.4.2.

Having * established MDI/MDI-X configuration, the receiver shall detect and correct for severa
eonfigurations of pair swaps and crossovers and arbitrary polarity swaps. Thereceiver pairs BI_DA, Bl_DB,
BI_DC, and BI_DD might be connected to the corresponding transmit pairs in any of the following ways
with arbitrary polarity:

a) Nocrossover
b) A/B crossover only

C)  C/D crossover only
d) A/B crossover and C/D crossover
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For EEE-capable PHY's, the MDI/MDIX function configuration shall apply to refresh and alert signaling.
For PHY s with the fast retrain capability, the MDI/MDIX function configuration shall apply to link failure
signaing.

126.4.5 State variables
126.4.5.1 State diagram variables

coeff_exchange_done
This variable reports that both transceivers have received the corresponding coefficients from the
link partner.
Values. TRUE: The coefficient exchange has completed.
FALSE: The coefficient exchange has not compl eted.
config
The PMA shall generate this variable continuously and pass it to the PCS viaithe PMA_CON-
FIG.indication primitive.
Values: MASTER or SLAVE.
link_control
The link_control parameter generated by Auto-Negotiation and passed to the PMA via the
PMA_LINK.request primitive (see 126.2.1.1).
link_status
Thelink_status parameter set by PMA Link Monitor state diagfarn and communicated through the
PMA_LINK.indication primitive.
Values: OK or FAIL.
loc_rcvr_status
Variable set by the PMA Receive function to indicate correct or incorrect operation of the receive
link for the local PHY .
Vaues: OK: Thereceivelink for thelocal PHY is operating reliably.
NOT_OK: Operation of the receive link for the local PHY isunreliable.
loc_SNR_margin
This variable reports whether thetecal device has sufficient SNR margin to continue to the next
state. The criterion for setting the parameter loc_SNR_margin is | eft to the implementer.
Values: OK: The local devicehas sufficient SNR margin.
NOT_OK: The loeal*device does not have sufficient SNR margin.
master_transition_counter
This variable report$-the current value of the MASTER's transition counter reported in the Infof-
ield defined in.126:4.2.5.

Values: 0t0.2%

MessageField_IF
This variable reports that a receiver has successfully received and decoded the Infofield from the
remote device. Thisvariable takes on the value contained in the Messagefield. If the Message field
Cannot be decoded or no explicit action is outstanding the value Null is returned.
Values: trans_to_Coeff_Exch, trans to_Fine Adjust, trans to PCS Test or Null.

PBO
PBO isavariable that can take any integer value from 0 to 7 and indi cates the power backoff level.
Denoting Ptx as the maximum nominal power, the PBO values are as follows:
Values0, 1, 2, 3, 4, 5, 6, 7, which correspond to transmit power levels of
Ptx, Ptx-2 dB, Ptx—4 dB, Ptx—6 dB, Ptx-8 dB, Ptx-10 dB, Ptx-12 dB, Ptx-14 dB
respectively.
PBO_next

PBO_next is a variable that can take any integer value from 0 to 7 and indicates the next power
backoff level to be used at the local transmitter. The value is taken from the fixed set of values
during PMA_Training_Init_M and PMA_Training_Init_S as described in 126.4.2.5. The value is
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taken from the decoded value of the link partner Infofield during PMA_PBO_Exch
Vaues0, 1, 2, 3,4, 5, 6, 7, which correspond to transmit power levels of
Ptx, Ptx—2 dB, Ptx—4 dB, Ptx—6 dB, Ptx—8 dB, Ptx-10 dB, Ptx—12 dB, Ptx-14 dB
respectively.

PBO_tx
PBO_tx is avariable that can take any integer value from 0 to 7 and indicates the power backoff
level currently used at the local transmitter.
Vaues0, 1, 2, 3, 4,5, 6, 7, which correspond to transmit power levels of
Ptx, Ptx—2 dB, Ptx—4 dB, Ptx-6 dB, Ptx-8 dB, Ptx-10 dB, Ptx-12 dB, Ptx-14 dB
respectively.
PBO_exchange_done
This variable reports that both transceivers have received the corresponding PBO levels from the
link partner.
Values.TRUE: The PBO exchange has completed.
FALSE: The PBO exchange has not completed.
pcs_status
The pcs_status parameter generated by the PCS and passed to the PMA viathe PMA_PCSSTA-
TUS.request primitive (see 126.2.2.6).
pma_reset
Allowsreset of the PHY Control and Link Monitor state diagrams:
Values:ON or OFF.
rem_rcvr_status
Variable set by the PCS Receive function to indicate whether correct operation of the receive link
for the remote PHY is detected or not.
Values.OK: Thereceive link for the remote PHY is.0perating reliably.
NOT_OK: Reliable operation of the receivetink for the remote PHY is not detected.
THP_next
THP_next is avariable that contains sixteen@-bit values and describes the next transmitter setting
of the THP coefficients. It refersto the programmable THP coefficients sel ected during coefficient
exchange described in 126.4.2.5.
Values: 16 coefficients of 8-bit values'each. Range is—2.0 to 1.984375 in steps of 0.015625.
THP_tx
THP_tx isavariable that contamns sixteen 8-bit values and describes the current transmitter setting
of the THP coefficients. Itkefers to the programmable THP coefficients selected during the coeffi-
cient exchange descrihédin 126.4.2.5.
Values: 16 coefficients of 8-bit values each. Range is—2.0 to 1.984375 in steps of 0.015625.
trans_to_Coeff Exch
Message fieldwvariable defined in 126.4.2.5 that flags a transition by the local device to the
PMA_Coeff Exch state.
Values:1: Theloca devicetransitionsto the PMA_Coeff _Exch state on expiration of the transition
counter:
0: Thelocal device does not transition to the PMA_Coeff Exch state.
trans_té-Fine Adjust
Message field variable defined in 126.4.2.5 that flags a transition by the local device to the
PMA_Fine Adjust state.
Values.1: Thelocal devicetransitionsto the PMA_Fine Adjust state on expiration of the transition
counter.
0: Thelocal device does not transition to the PMA_Fine Adjust state.
trans to PCS Test
Message field variable defined in 126.4.2.5 that flags a transition by the local device to the

PCS_TEsSaE.
Values:1: Thelocal devicetransitionsto the PCS_Test state on expiration of the transition counter.
0: Thelocal device does not transition to the PCS_Test state.
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transition_count
This variable reports the value of the transition counter contained in the Infofield sent to the remote
device. Transition_count must comply with the state diagram description givenin 126.4.6.2. When
the Message field contains aflag for a state transition, the transition counter denotes the remaining

number of Infofield until the next state transition. MASTER initiates the transition to PMA_Coef-
f_Exch count with the trans to_Coeff Exch=1 flag and a counter value of Sx 28. The SLAVE

responds prior to the counter reaching Sx 2° with the same flag and a count value matching the
MASTER. Then both PHY’s transition to PMA_Coeff_Exch within one PMA frame. The same
sequence is performed in the transition to PMA_Fine Adjust state and PCS_Test state using the
trans_to_Fine Adjust=1 and trans_to PCS Test=1 flags respectively. In EEE-capable PHY's, syn-
chronization of the PMA framesistightly controlled as described in 126.3.5.1. When the Méssage
field does not contain aflag for astate transition, the transition counter is set to zero and ignored by
thereceiver.

Values:0to 2°.
tx_mode
PCS Transmit sends code-groups according to the value assumed by this varighle.
Values. SEND_N: This value is continuously asserted when transmission of sequences of code-
groups representing a XGMI | data stream take place.

SEND_T: This value is continuously asserted when transtiSsion of sequences of code-
groups representing the sequences of code-groups (TAp, TBy, TC,,,TD,,) defined in 126.3.4.2 isto
take place.

SEND_Z: Thisvaue is asserted when transmission ef zero code-groups isto take place.

The following variables are required only for PHY s that support the EEE capability:

Ipi_refresh_detect
Set TRUE when the receiver has reliably detected refresh signaling and FALSE otherwise. The
exact criterialeft to the implementer.

pcs_data mode
Generated by the PMA PHY Control function and indicates whether or not the local PHY may
transition its PCS state diagrams out of their initialization states. The current value of the
pcs_data mode is passed to-the PCS via the PMA_PCSDATAMODE.indicate primitive. In the
absence of the optional EEE and fast retrain capabilities, the PHY operates as if the value of this
variable is TRUE.

mtc
mtc is the transition count for a MASTER PHY during normal training and fast retraining. mtc
shall be equal to’Sx 28 for normal training and Sx 2° for fast retrain.

stc
stcisthetransition count for aSLAVE PHY during normal training and fast retraining. stc shall be

equial to Sx 2° for normal training and Sx 2* for fast retrain.
The following six variables are required only for PHY sthat support the fast retrain capability:

fr_enable
Thisvariableis set to TRUE if fast retrain is supported. The variableis set to FALSE otherwise. If
MDIO is supported, this variable is based on the value of 1.147.0 with the value of TRUE corre-
sponding to 1.147.0 set to 1. If MDIO is not supported, an equivalent method of controlling fast
retrain functionality should be provided.

loc_fr_req

Set TRUE when the receiver has detected a link failure condition and is requesting a fast retrain;
set FALSE otherwise.
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loc_fr_detect
Set TRUE when the receiver has reliably detected the link failure signd. It is highly recommended
that loc_fr_detect is qualified with the reception of errored blocks at the LDPC decoder output. Set
FALSE when thelink failure signal is not detected.

send_link_fall
When TRUE indicates that the PMA should send the link failure signal. When FAL SE the variable
has no effect.
fr_active
Set TRUE when the PHY is performing afast retrain and set FAL SE otherwise.
fast_retrain_flag
Set TRUE after the PHY generates or detects alink failure signal and set FAL SE otherwise.

126.4.5.2 Timers
All timers operate in the manner described in 14.2.3.2.

maxwait_timer
A timer used to limit the amount of time during which a receivef,dwells in the SILENT and
TRAINING states. The timer shall expire 2000 ms + 10 ms after-being started. This timer is used
jointly in the PHY Control and Link Monitor state diagrams./The’maxwait_timer is tested by the
Link Monitor to force link_status to be set to FAIL if the timer expires and loc_rcvr_status is
NOT_OK. See Figure 126-26 and Figure 126-29.

minwait_timer
A timer used to determine the minimum amount of<time the PHY Control stays in the SILENT,
PMA_Training_Init_S, PCS Test and PCS_Datastates. The timer shall expire 1 ms+ 0.1 ms after
being started.

The following timer isrequired only for PHY s that,support the EEE capability:

Ipi_refresh_rx_timer
Thistimer is used to monitor link quality during the LPI receive mode. If the PHY does not reli-
ably detect reliable refresh:signaling before this timer expires then afull retrain is performed.
Values: The condition Ipi~refresh_rx_timer_done becomes true upon timer expiration.
Duration: Thistimer shall have a period equal to 50 complete quiet-refresh signal periods, equiva
lent to 8.192/Sms;

The following two timersare required only for PHY s that support the fast retrain capability:

link_fail_sig_titner
Determines the period of time the PHY sendsthe link failure signal.
Values: The condition link_fail_sig_timer_done becomes true upon timer expiration.
Duration: Thistimer shall have aperiod equal to 8 LDPC frame periods.

fr_maxwait_timer
Determines the period of timethe PHY hasto transition its PCS Control Stateto PCS_Test follow-
ing afast retrain before the fast retrain is aborted and afull retrain performed.
Values. The condition fr_maxwait_timer_done becomes true upon timer expiration.
Duration: Thistimer shall have a period equal to 30 ms.
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126.4.5.3 Functions

Exchange _Final_PBO
This function transmits and receives the final PBO settings using the Infofield as described in

126.4.2.5.

Exchange THP_Coefficients
This function compiles and sends to the link partner and receives from the link partner the desired
programmable THP coefficients using the Infofield as described in 126.4.2.5.

126.4.5.4 Counters
The following two counters are required only for PHY sthat support the fast retrain capability:

fr_tx_counter
Counts the number of timesthe PHY initiates afast link retrain by transmitting thelink failure sig-
nal. This counter isreflected in MDIO register 1.147.10:6 specified in 45.2.1.79.2.

fr_rx_counter
Counts the number of times the PHY begins a fast link retrain in response to the detection of link
failure signaling from the link partner. This counter is reflected in MBPIO register 1.147.15:11
specified in 45.2.1.79.1.
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126.4.6 State diagrams

126.4.6.1 PHY Control state diagram

link_control # ENABLE + |

pma_reset = ON

DISABLE_2.5G/5GBASE-T|
TRANSMITTER

link_control = ENABLE
¥ v

INIT_MAXWAIT_TIMER
start maxwait_timer

ucT v
SILENT
start minwait_timer
tx_mode & SEND_Z
fr_active < false
pcs_data_mode « false
THP_tx < zeros

config = SLAVE *
loc_SNR_margin = OK *
en_slave_tx=1%*
minwait_timer_done

config = MASTER *
minwait_timer_done

Y v
PMA_Training_Init_M PMA_Training_Init sS
PBO_tx =4 start minwatt timer
tx_mode < SEND_T PBOAX =4
tx_mode=/SEND_T

loc_SNR_margin = OK loc_SNR_margin = OK *

minwait_timer_done
ﬁ PMA_PBO_Exch
Exchange{Einal_ PBO
PMA_INIT_FR trans_to_Coeff_Exch =1 *

fr_active «< true } w _transition_count =0

fast_retrain_flag < false
tx_mode < SEND_T PWA_Coeff_Exch

pcs_data_mode « false

PBO_tx < PBO_next
ucT Exchange_THP_coefficients

fr_maxwait_timer \dene * ¢ rans_to_Fine_Adjust=1*
fr_active transition_count = 0

PMA_Fine_Adjust

THP_tx < THP_next

fr-maxwait_timer_done * trans to PCS Test=1*
fr active e’ | # transition_count = 0
PCS_Test
é start minwait_timer
tx_mode < SEND_N
Ipi_rxw_err_cnt < 0 Ifr_active *
(loc_revr_status = NOT_OK +
(minwait_timer_done *
fr_active * loc_rcvr_status = OK * pcs_status = NOT_OK) )
(loc_revr_status = NOT_OK + minwait_timer_done *
(minwait_timer_done * pcs_status =OK ¥
pcs_status = NOT_OK) ) PCS_Data

stop maxwait_timer
start minwait_timer
tx_mode < SEND_N minwait_timer_done *

stop fr_maxwait_timer loc_rcvr_status = NOT_OK
minwait_timer_done * pcs_data_mode « true

fast_retrain_flag fr_active < false
| I

NOTE—For PHYS that do not SUPPOTTL the 1ast retrain capabllity, the variable 1ast_retrain_iag 1s
set to FALSE.

Figure 126-26—PHY Control state diagram
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126.4.6.2 Transition counter state diagrams

min-\Wait-timer-done.

PBO_exchange_done = TRUE

A 4
START_COUNTER_PMA_Coef Exch

transition_count < mtc
trans_to_Coef Exch < 1

fast_retrain_flag = TRUE

k |

=S

ansition_count =0

v

STOP_COUNTER_ PMA_Coeff_Exch

trans_to_Coeff_Exch < 0

coeff_exchange_done = TRUE

A 4
START_COUNTER_PMA_Fine_Adjust

transition_count « mtc
trans_to_Fine_Adjust < 1

transition_count = 0

v
STOP_COUNTER_ PMA-Fine_Adijust

trans_to_Fine *Adjust < 0

loc_rcvr_status = OK *
rem_rcvr_status = OK

y
START_COUNTER_PCS_Test

transition_count < mtc
trans_to_PCS_Test < 1

transition_count =0

A 4
STOP_COUNTER_PCS_Test

trans_to_PCS_Test < 0

NOTE—For PHYs that do not support the fast retrain capability, the variable fast_retrain_flag is set to
FALSE.

Figure 126-27—MASTER transition counter state diagram
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MessageField_IF = trans_to_Coeff Exch *
master_transition_counter > Sx 2°

MessageField_IF = trans_to_Fine_Adjust *

v

START_COUNTER_PMA_Coeff_Exch

trans_to_Coeff_Exch < 1
transition_count < master_transition_counter

t

ransition_count =0

fast_retrain_flag = TRUE
J

v

STOP_COUNTER_ PMA_Coeff_Exch

trans_to_Coeff_Exch < 0

master_transition_co

loc_rcvr_status = OK *

rem_rcvr_status = OK *
MessageField_IF = trans_to_PCS’ Test *
master_transition_counter >stc

unter > stc

y

START_COUNTER_PMA_Fine_Adjust

trans_to_Fine_Adjust < 1
transition_count < master_transition~eounter

t

ransition_count =0

y

STOP_COUNTER__PMA_Fine_Adjust

trans_to_Fine_Adjust < 0

START_COUNTER_PCS_Test

trans_to_PCS Test< 1
transition_count < master_transition_counter

t

ransition_count =0

y

STOP_COUNTER_PCS_Test

trans_to_PCS_Test <=0

NOTE—For PHYs that do not support the fast retrain capability, the variable fast_retrain_flag

is set to FALSE.

Figure 126—28—SLAVE transition counter state diagram
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126.4.6.3 Link Monitor state diagram

pma_reset = ON +
link_control = ENABLE

y
LINK_DOWN

link_status < FAIL

minwait_timer_done *
pcs_status = OK

v
LINK_UP

link_status < OK

maxwait_timer_done *
(pcs_status = NOT_OK +
loc_rcvr_status = NOT_OK)

NOTE 1—maxwait_timer is started in PHY Control statediagram (see Figure 126—-26).
NOTE 2—The variables link_control and link_status arexdeSignated as link_control_2p5GigT
and link_status_2p5GigT, respectively for 2.5GBASE-T, and link_control_5GigT and
link_status_5GigT, for 5 GBASE-T (by the Auto-Negotiation Arbitration state diagram

(Figure 28-16).

Figure 126-29—Link-Monitor state diagram
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126.4.6.4 EEE Refresh monitor state diagram

r—— - """ -"-"—-—"—-"—-"—-—"—-"—-"—"' - - - — — — — — — — — — q
Irx_Ipi_active
LPI_OK
rx_|Ipi_active
v v lpi_refresh_rx_timer_done *
LPI_MON_REFRESH Ipi refresh_detect

start Ipi_refresh_rx_timer

Ipi_refresh_rx_timer_done

\ 4
LPI_REFRESH_TIMEOUT

loc_rcvr_status <= NOT_OK

NOTE—This state diagram is only required when‘the PHY supports the EEE capability.

Figure 126—-30—EEE Refresh monitor state diagram
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126.4.6.5 Fast retrain state diagram

(tx_mode=SEND_N * !loc_fr_req *
lloc_fr_detect ) + !fr_enable

FR_LINK_OK

fast_retrain_flag <= false

send_link_fail & false

fr_enable *
loc_fr_req *

ldpc_two_frame_done

fr_enable *
loc_fr_detect

N
FR_SEND_FAIL

FR_INC_RX_CNT

send_link_fail <= true
start link_fail_sig_timer
fr_tx_counter++

fr_rx_counter++

link_fail_sig_timer_done

A \ 4

UCT

FR_START_TIMER

send_link_fail <= false
fast_retrain_flag < true
start fr_maxwait_timer
loc_fr_req <= false

NOTE—This state diagram is only required when the PHY.supports the fast retrain capability.

Figure 126-31—Fast retrain control state diagram

126.5 PMA electrical specifications

This subclause defines the electrical characteristics of the PMA and specifies PMA-to-MDI interface tests.

126.5.1 Isolation requirement

The PHY shall provide electrical”isolation between the port device circuits, including frame ground (if any)
and al MDI leads. This electrical isolation shall withstand at least one of the following electrical strength

tests:

a) 1500V rmsat 50 Hz to 60 Hz for 60 s, applied as specified in Section 5.2.2 of IEC 60950-1:2001.

b) 2250,V 'de for 60 s, applied as specified in Section 5.2.2 of |EC 60950-1:2001.

c) A sequence of ten 2400 V impulses of aternating polarity, applied at intervals of not lessthan 1 s.
The’'shape of the impulsesis 1.2/50 us (1.2 ps virtual front time, 50 psvirtual time or half value), as
defined in Annex N of |EC 60950-1:2001.

There shall be no insulation breakdown, as defined in Section 5.2.2 of IEC 60950-1:2001, during the test.
The resistance after the test shall be at least 2 MQ, measured at 500 V dc.

126.5.2 Test modes

Thatest mades-described-naxt-shall hanrovided-to-alowfortestina of thatransmitter waveform -transmittar
+HHEteS—H HIEE-HEX+-SHar—Be-PHEVHEEE0-aHOWHOIESHRG-OHHHe-HaRSHRHHEWaY-SHOHR-HaHRSHIHeF

distortion, transmitted jitter, transmitter droop, and BER testing.
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For a PHY with an MDIO management interface, these modes shall be enabled by setting bits 1.132.15:13
(MultiGBASE-T test mode register) of the MDIO Management register set as follows in Table 126-13.
These test modes shall only change the data symbols provided to the transmitter circuitry and shall not alter
the electrical and jitter characteristics of the transmitter and receiver from those of normal (non-test mode)

operation. PHY s without a MDIO shall provide a means to enable these modes for conformance testing.

Table 126-13—MDIO management register settings for test modes

113215 | 1.132.14 1.132.13 Mode
0 0 0 Normal operation.
0 0 1 Test mode 1—Setting of MASTER transmitter required by

SLAVE for transmit jitter test in SLAVE mode.

Test mode 2—Transmit jitter test in MASTER mode:

Test mode 3—Transmit jitter test in SLAVE mode,

Test mode 4—Transmit distortion test.

P |, oo
olo|r |k
ko |k |o

Test mode 5—Normal operation with¢ie power backoff. This
isfor the PSD mask and power level test.

[N
[N
o

Test mode 6—Transmitter drogp test mode.

1 1 1 Test mode 7—Pseudo-random test mode for BER Monitor.

Test mode 1 isamode provided for enabling testing of timing jitter on a SLAVE transmitter. When test mode
1 is enabled, the PHY shal transmit the PMA trainifig pattern (PRBS 33) continually from all four
transmitters with the THP turned off, with no power backoff and with the transmitted symbolstimed from its
local clock source.

Test mode 2 is for transmitter jitter testingswhen transmitter isin MASTER timing mode. When test mode 2
is enabled, the PHY shall transmit {two-+16 symbols followed by two —16 symbols} continualy from all
four transmitters with the THP turnedioff, with no power backoff and with the transmitted symbols timed
fromitslocal clock source. The transmitter output is a Sx100 MHz signal.

When test mode 3 is enabledon a PHY, the PHY shall transmit, with THP turned off, the data symbol
sequence {two +16 symbols followed by two —16 symbols} repeatedly on pair D with the symbols timed
from its recovered receive data clock in SLAVE timing mode. A PHY operates in test mode 3 when thereis
no input signal on.pair D. The transmitter output is a Sx 100 MHz signal on pair D and shall be silence on
pairs A, B, and(C.

Test mode 4 is for transmitter nonlinear distortion testing. When test mode 4 is enabled, the PHY shall
transmit,with the THP turned off, transmitted symbols, timed from a transmit clock (as specified in
126.5.3.5) in the MASTER timing mode, defined by the bits1.132.12:10 and Table 126-14.
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Table 126-14—MDIO management register settings for transmit frequencies in Test mode 4

1.132.12 113211 | 1.132.10 Output waveform frequenciesin MHz

Two tone frequency pairs

Reserved

Reserved

Reserved

Sx (400/1024) x 47, Sx (400/1024) x 53

Sx (400/1024) x 101, Sx (400/1024) x 103

Sx (400/1024) x 179, Sx (400/1024) x 181,

Sx (400/1024) x 277, Sx (400/1024) X281

Prlr|lr|lolo|r|o]|o
rlolo|lr|lo|lr|r|o
o|lr | o|lo|r | r|r|o

Sx (400/1024) x 397, Sx (400/1024) x 401

The peak-to-peak levels used in this test shall correspond to the\:16 symbol levels and the relative
amplitudes of the tonesin atwo-tone pair shall be within 0.5 dB of ‘each other.

Test mode 5 is for checking whether the transmitter is compliant with the transmit PSD mask and the
transmit power level. When test mode 5 is enabled, the RHY shall transmit asin normal operation but with
the power backoff disabled.

Test mode 6 is for testing transmitter droop. When test mode 6 is enabled, the PHY shall transmit the
following sequence of data symbols A, By,, Cy, D, of 126.4.3.1 continually from all four transmitters, with
the THP turned off:

{One hundred twenty eight +16 followed by one hundred twenty eight —16 symbols}.
Test mode 7 is for enabling<measurement of the bit error ratio of the link including the LDPC

encoder/decoder, the transmittand receive analog front ends of the PHY and a cable connecting two PHYs.
This mode shall use the2.5GBASE-T and 5GBASE-T scrambler and is defined in detail in 126.3.3.
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126.5.2.1 Test fixtures

The following fixtures (illustrated by Figure 126-32, Figure 126-33, and Figure 126-34), or their functional
equivalents, can be used for measuring the transmitter specifications described in 126.5.3.

Transmitter 100 Q
under test

High impedance

differential probe

with resistance > 10 kQ

and capacitance < 1 pF Digital
oscilloscope
or data
acquisition
module

Figure 126-32—Transmitter test fixture 1 for transmitter droop measurement

Balun with

Transmitter 0 diff. input Spectrum
180 impedance

under test 100 Q analyzer

Figure 126-33—Transmitter test fixture 2 for linearity measurement, power
spectral denSity measurement and transmit power level measurement

The high impedangeg probe shown in Figure 126-32 in transmitter test fixture 1 has resistance > 10 KQ and
capacitance <-1 pF over the frequency range of 1 MHz to Sx 200 MHz. Figure 126-33 includes a power
summer or_baluh device to couple the 100 Q differential output of the transmitter to the 50 Q single-ended
input typically found in a spectrum analyzer input. The center frequency (f.) of the band passfilter shownin
Figure126-34 is Sx 100 MHz + 200 kHz and the band pass filter noise bandwidth (B,) is 2MHz +
200-kHz. The center frequency (f.) of the band passfilter shown in Figure 126-35 is 45 MHz + 200 kHz and
theband pass filter noise bandwidth (By,) is 2 MHz £ 200 kHz.
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Pairs A, B, C are connected to
transceiver under test. |

Transceiver in

Attanuator

Baied D " ol
ot o 1ISToTrcomMmeciet10

test mode 1

i 15dB | !

transceiver under test | (15 dB loss) [« (MASTER) X

[} 1

[} 1

! Required when transceiver under test is in !

Transceiver under test : SLAVE mode :

in test mode 3 < / b e e e e e e e e e e e e .
(configured to transmit >30 dB Isolation

S X 100 MHz signal) at 800 MHz

\ [} i

. 1 1

Pair D 1 Band pass filter Time interval or I

! > fo='S X 100 MHz; > phase noise !

>45 dB SNR : B,=2 MHz >65 dB measurement :

1 1

. SNR .

[} 1

1 Band-limited jitter analyzer 1

[ e e e e e e e e ] o

Figure 126—-34—Transmitter test fixture 3 for transmitter‘jitter measurement

Band pass .
filter Sln'e wave
f.= 45MHz; [  signal
Balun with j B,=2 MHz generator
Transmitter 0 diff. input Power 1
under test impedance S splitter
180100 @ 2
Spectrum
analyzer

Figure 126-35~—Transmitter test fixture 4 for linearity measurement of
2.5GBASE-T with sine wave injected

126.5.3 Transmitter electrical specifications

The PMA ‘provides the Transmit function specified in 126.4.2.2 in accordance with the electrical
specifications of this clause. The PMA shall operate with AC-coupling to the MDI.

Where a load is not specified, the transmitter shall meet the requirements of this clause with a 100 Q
resistive differential 1oad connected to each transmitter output.

126.5.3.1 Maximum output droop

With the transmitter in test mode 6 and using the transmitter test fixture 1, the magnitude of both the positive

and negative droop shall be lessthan (7.5 + 5/S)%, measured with respect to an initial value at 10 ns after the
zero crossing and afinal value at (10 + 160/S) ns after the zero crossing.
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126.5.3.2 Transmitter nonlinear distortion

When in test mode 4 and observing the spectrum of the differential signal output at the MDI using
transmitter test fixture 2, for each pair, with no intervening cable, the transmitter nonlinear distortion mask is

defined as follows:

The SFDR of the transmitter, with dual tone inputs as specified in test mode 4, shall meet the requirement
shown in Equation (126-6).

SFDR> 25+ min{52, 58—20x log,(f/25)} (126-6)

where

f is the maximum frequency of the two test tonesin MHz
SFDR istheratioin dB of the minimum RM S value of either input tone to the RM S valué of the worst
intermodulation product in the frequency range of 1 MHz to Sx 200 MHz

Additionally, for 25GBASE-T, when in test mode 4, at 0 dB PBO, and observing the spectrum of the
differential signa output at the MDI using transmitter test fixture 4, for each pair, while injecting a 45 MHz
sine wave from the signal generator so that it has an amplitude 7 dB below the'peak of the transmitter at the
MDI, with no intervening cable, the transmitter nonlinear distortion mask.is defined as follows: The SFDR
of the transmitter, with dual tone inputs as specified in test mode 4, shall meet the requirement shown in
Equation (126-7).

SFDR> —55+ min{52, 5820 log,,(f/25)} (126-7)

where

f is the maximum frequency of the twetest tonesin MHz
SFDR is the ratio in dB of the minimum\RMS value of either input tone to the RMS vaue of the
worst intermodul ation produgtitr-the frequency range of 1 MHz to 100 MHz

This specification on transmit linearity>is derived from the requirement for interoperability with the far-end
device.

126.5.3.3 Transmitter timihg jitter

When in test mode 2, thePHY transmits { two +16 symbols followed by two —16 symbols} continually with
the THP turned off ‘and'with no power backoff. In this mode, the transmitter output should be a Sx100 MHz
signal and the RMS period jitter measured at the PHY MDI output shall be less than 7.2 ps for 5GBASE-T
and 10.0 ps for; 2.5GBASE-T. The RMS period jitter is measured as per the test configuration shown in
Figure 126~34 over an integration time interval of 2/Sms + 10%.

TheSLAVE mode RMS period jitter test is measured using the test configuration shown in Figure 126-34.
For thistest, the MASTER PHY isin test mode 1 and the SLAVE PHY isin test mode 3. The MASTER is
transmitting the PMA training pattern (PRBS 33) to the SLAVE PHY on pairs A, B, and C. The SLAVE
PHY isin loop timing mode, synchronizing its transmit clock to the signals received from the MASTER
PHY on pairs A, B, and C. In this configuration, the transmitter output on pair D should be a Sx 100 MHz
signal and the RMS period jitter measured at the SLAVE PHY MDI output shall be less than 7.2 ps for
5GBASE-T and 10.0 ps for 2.5GBASE-T. The RMS period jitter is measured over an integration time

mtervaof 2/1STms= 10%.
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RMS period jitter over an integration time interval of 2/Sms = 10% is defined as the root mean square
period difference from the average period (T — T,g), accumulated over a sample size of 200 000+ 20 000, as
shown in Equation (126-8).

[(T—=Tag)?l
RMS period jitter = /Z—(———fig—— (126-8)
Sample size

126.5.3.4 Transmitter power spectral density (PSD) and power level

In test mode 5 (normal operation with no power backoff), the transmit power shall be in the range 1.0'dBm
to 3.0 dBm and the power spectral density of the transmitter, measured into a 100 Q, load using\the test
fixture shown in Figure 126-33 shall be between the upper and lower masks specified in Equation (126-9)
and Equation (126—10). In the highest frequency segment, the PSD mask is the maximum_of the PSD
specified for 2.5G/5GBASE-T, or 6 dB less than that specified in Clause 55 by Equatiom53-9. The masks
are shown in Figure 126-36.

~77.7-10x log  (S) dBm/Hz 0< zgs 70
of —70) f
~77.7-10xlog, S~ —c-— dBmM/Hz 70€ 2 <150
PSD1(f) < (2f - 150)
~78.7-10x log, S~ —— dBAVHz 150< ziss 730
of 339 f
~78.7-10x log, S~z dBm/Hz 730 < 2o < 1822400 10g.(S)
~116 dBm/Hz Sx (911-200x log, (S)) << 3000

UpperPSD(f) < max(PSD1(f), (Equation 55-9) — 6 dB)

(126-9)
and
-82.2—10xlog, (S) dBm/Hz 5< 2sz 50
2! 50 .
Lower PSD (f) 21 ~82.2-10xl0g,(S———-— dBM/Hz 50<2g<200 (126-10)
(2L 200) f
—85.2-10xl0g [ S— ——=— dBm/Hz 200<2<400
where
fisinMHz
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Figure 126-36—Transmitter power spéetral density mask

126.5.3.5 Transmit clock frequency

The symbol transmission rate on each pair ,0f.the MASTER PHY shall be within the range Sx 400 MHz
+ 50 ppm.

For a MASTER PHY, when the transmitter is in the LPI transmit mode or when the receiver isin the LPI
receive mode the transmitter clock, short-term rate of frequency variation shall be less than 0.1 ppm/second.
The short-term frequency variation limit shall also apply when switching to and from the LPI mode.

126.5.4 Receiver electrical specifications

The PMA provides the Receive function specified in 126.4.2.4 in accordance with the electrical
specificationsof-this clause using cabling that iswithin the limits specified in 126.7.

126.5.4;1-Receiver differential input signals

Differential signals recelved at the MDI that were transmitted from a remote transmitter within the
gpecifications of 126.5.3 and have passed through alink specified in 126.7 shall be received with a BER less
than 10712 after LDPC decodi ng, and sent to the XGMII after link reset completion. This specification can
be verified by aframe error ratio less than 7.8 x 10~ for 800 octet frames with minimum PG or greater than
220 octet IPG

126 5 4 2 RDacaivar fra rancv tolarancn
TZEOTOTT TR C eV eT—1Te e

toTrorarrcT

9

The receive feature shall properly receive incoming data, per the requirements of 126.5.4.1, with a symbol
rate within the range Sx 400 MHz + 50 ppm.
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126.5.4.3 Rejection of External EM Fields

When the cabling system is subjected to electromagnetic fields, currents are generated that may be con-
verted to interference. This specification is provided to limit the sensitivity of the PMA receiver to external

EM fields picked up by the cabling and interconnect system. It provides an assessment method of the elec-
tromagnetic performance of the link segment and the PHY/, including the MDI.

An 80 MHz to 1000 MHz test can be made based on the cable clamp test described in Annex 113A, a
30 meter plug-terminated link segment that meets the requirements of 126.7, and suitable broadband ferrites.
All components that are exposed to the induced fields should remain over the ground reference plane. A sine
wave with the amplitude held constant over the whole frequency range from 80 MHz to 1000 MHz, with.the
amplitude calibrated so that the signal power measured at the output of the clamp does not exceed 6 dBm, is
used to generate the external electromagnetic field and corresponding currents.

A system integrating a 2.5GBASE-T or 5GBASE-T PHY may perform this test to evaluateyanticipated per-
formance in regulatory test environments. Operational requirements of the transceiver,'during the test are
determined by the manufacturer.

NOTE—The 6 dBm limit includes the 10% frequency-dependent variation mentioned inAsifek 113A.3.
126.5.4.4 Alien crosstalk noise rejection

While receiving data from a transmitter compliant with specificatiofis'in 126.5.3, through a 100 m link
segment compliant with the specifications in 126.7, a receiver shall’operate with an Ethernet frame error
ratio less than 7.8 x 10~ for 800 octet frames with either aminimurm IPG or greater than 220 octet | PG with
four noise sources at the specified levels representing alien crosstalk, one connected to each of the four pairs.
Independent noise sources should be injected into each MDI input using couplers that do not significantly
ater the link segment characteristics. The injected noise shall have a flat spectrum within the following
limits: a3 dB bandwidth extending over at least 10.MHz to 200 x SMHz and a power spectral density such
that at the MDI port of the device under test theqower spectral density of the injected noiseis—137 dBm/Hz
and —125 dBm/Hz for 5GBASE-T and 2.5GBASE-T, respectively. A flat noise source is chosen to model the
sum of all alien noise sources. See Figure 126-37.

Wideband Gaussian noise | Detailed illustration for
source with output adjusted pair A

to provide requisite noise
level at receiver under test

Balun converting Balun converting
126.7 compliant link from 100 Q from 50 Q single Receiver
2.5G/SGBASE-Tzsegmem with insertion dlffe_rentlal to 50 Q endc_ed to 190 Q under test
. loss reduced to single ended differential
transmitter™ —
|_lcompensate for baluns 50 Q coupler
and coupler with =20 dB
coupling

Same circuit as illustrated
on pair A can be used on
pairs B, C, and D

Ground plane L L

f e m e mEmmEEeEEmE=®&E&®&8"&&&%%@86%6%6626sn5eecacssnn~.;:

Eigure 126-37—Alien crosstalk noise rejection test

The structure shown for injecting the noise in Figure 126-37 is illustrative and alternative approaches are
possible. The loss of the coupling structure shown in Figure 126-37, which consists of two baluns and a
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coupler, is approximately 2.5 dB. The overall insertion loss of the link segment together with the insertion
loss of the coupling structure should be adjusted to match the insertion loss specified in 126.7.2.1 to within
+ 0.5 dB. The balun-coupler-balun structure shown in Figure 126-37 can be replaced by resistively coupling
a balanced noise source to the twisted pair using 500 Q resistors. In either case, calibration of the test setup

isreguired to confirm the overall insertion loss and the injected noise power at the MDI of the receiver under
test.

126.6 Management interfaces

2.5GBASE-T and 5GBASE-T make extensive use of the management functions that may be provided by the
MDIO (Clause 45), and the communication and self-configuration functions provided by Auto-Negotiaion
(Clause 28). Additional Auto-Negotiation requirements are set forth within this subclause.

126.6.1 Support for Auto-Negotiation

All 25GBASE-T and 5GBASE-T PHY s shall provide support for Auto-Negotiation-(€lause 28) and shall
be capable of operating as MASTER or SLAVE. All 25GBASE-T and 5GBASE-T-PHY s shall provide
support for Extended Next Pages as defined in 28.2.3.4.2 and shall support anddse-optimized FLP Burst to
FLP burst timing as defined in 28.2.1.1.1, and nlp_link_test min_timer .and-link_fail_inhibit_timer as
defined in 28.3.2.

Auto-Negotiation is performed as part of the initial set-up of the link) and alows the PHY's at each end to
advertise their capabilities (speed, PHY type, half or full duplex)and to automatically select the operating
mode for communication on the link. Auto-Negotiation signalingys used for the following primary purposes
for 25GBASE-T and 5GBASE-T:

a) Tonegotiate that the PHY is capable of supperting 2.5GBASE-T or 5GBASE-T transmission.
b) To determine the MASTER-SLAVE relationship between the PHY s at each end of the link.

126.6.1.1 2.5GBASE-T and 5GBASE-T use of registers during Auto-Negotiation

When Clause 45 registers are implemented, a 2.5GBASE-T and 5GBASE-T PHYs shall use the
management register definitions and values specified in Table 126-15.

Table 126-15—2.5GBASE-T and 5GBASE-T registers

Register Bit Name Description Type?
7.0 7.0.15:.0 AN control register Defined in 45.2.7.1 R/W
7.1 7.1.15:0 AN status register Defined in 45.2.7.2 RO
722 7.2.15:0, o } N
23 73150 AN device identifier registers Defined in 45.2.7.3 R/W
7.5, 7.5.15:0, —— . N
76 76.15:0 AN devicesin package registers Defined in 45.2.7.4 R/W
7.14, 7.14.15:0, R . N
715 715.15:0 AN package identifier registers Defined in 45.2.7.5 R/W
216 716150 | AN advertisement register Defined in 452.7.6 RV

aR/W = Read/Write, RO = Read only
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Table 126-15—2.5GBASE-T and 5GBASE-T registers (continued)

Register Bit Name Description Type?
7.19 7.19.15:0 | AN LP Base Page ability register Defined in 45.2.7.7 RO
7.22, 7.22.15:0,

7.23, 7.23.15:0, | AN XNP transmit register Defined in 45.2.7.8 R/W
7.24 7.24.15:.0

7.25, 7.25.15:0,

7.26, 7.26.15:0, | AN LP XNP ability register Defined in 45.2.7.9 RO
7.27 7.27.15:0

7.32 7.32.15.0 MultiGBASE-T AN control Defined in 45.2.7.10 R/

register
7.33 7.33.15.0 | MUItiGBASE-T AN statusregister | Definedin 45.2.7.11 RO

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

126.6.1.2 2.5GBASE-T and 5GBASE-T Auto-Negotiation page use

25GBASE-T and 5GBASE-T PHYs shall exchange a MultiGBASE<T and 1000BASE-T formatted
Extended Next Page, as specified in Table 12616, immediately following the exchange of the Base Page.

Note that the Acknowledge 2 bit is not utilized and has no meaning when used for the 2.5GBASE-T and
5GBASE-T message page exchange.

Table 126-16—2.5GBASE-T and 5GBASE-T Base and Next Pages

bit‘assignments

Bit Name Description
Base Page
D15 Next Page Defined in 28.2.1.6
D14 Acknowledge Defined in 28.2.1.5
D13 Remote Fault Defined in 28.2.1.4
D12 Extended.Next Page Defined in 28.2.1.3
D11:D5 Technelogy Ability Field Defined in 28.2.1.2
D4:D0 Selector Field Defined in 28.2.1.1
Extended Next Page (M essage Code Field and Flags Field)
M1O:MO | Next Page message code Defined in Annex 28C
T Toggle Defined in 28.2.3.4.7
Ack2 Acknowledge 2 Defined in 28.2.3.4.6
MP Message Page Definedin 28.2.3.4.5
Ack Acknowledge Defined in 28.2.3.4.4
NP Next Page Defined in 28.2.3.4
Extended Next Page (Unfor matted M essage Code Field)
U31:U29 | Reserved, transmit as0 ‘
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