UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office

March 27, 2025

THISISTO CERTIFY THAT ANNEXED ISA TRUE COPY FROM THE
RECORDSOF THISOFFICE OF THE FILE WRAPPER AND CONTENTS
OF:

APPLICATION NUMBER: 16/539,910
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ACTING DIRECTOR OF THE UNITED STATES PATENT AND TRADEMARK OFFICE

Marvell Semiconductor, Inc. - Ex. 1002, Page 000001
IPR2025-01219 (Marvell Semiconductor, Inc. v. Credo Technology Group Ltd.)



Doc code: IDS PTO/SB/08a (02-18)

C . . . Approved for use through 11/30/2020. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number

Filing Date

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | yattung LAM
Art Unit |

Examiner Name |

Attorney Docket Number | 20160.0039.NPUSC0

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)_(gm:ner Cite Patent Number Kind Issue Date Na”."e of Patentee or Applicant Relevant Passages or Relevant
Initial No Code? of cited Document )
Figures Appear
1 0,322,704 B1 P016-04-26 Neveux
2 7,401,985 B2 P008-07-22 fironson, et al
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where
- Cite No . Relevant Passages or Relevant
Initial Number Code'| Date of cited Document )
Figures Appear
1

If you wish to add additional U.S. Published Application citation information please click the Add button| Add
FOREIGN PATENT DOCUMENTS Remove

Pages,Columns,Lines
where Relevant
Passages or Relevant
Figures Appear

Name of Patentee or
Applicant of cited
Document

Examiner| Cite | Foreign Document Country Kind | Publication

: 5
Initial* No | Numbers Code?| Code?| Date T

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

Filing Date

First Named Inventor |Yattung LAM

Art Unit |

Examiner Name |

Attorney Docket Number |20160_0039_NPU800

Include name of the author {in CAPITAL LETTERS), title of the article (when appropriate), title of the item

E’.‘?""L‘er Cite (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue humber(s), TS
Initials No . - .
publisher, city and/or country where published.
1 Rumer, B_ "Fighting Jitter in Fibre-Channel Designs_" Electronic Engineering Times, (2001, February 01). Retrieved
August 13, 2019, from https//www_eetimes_com/document.asp?doc_id=1277249
JEEE P802 3cd/D1.2, 3rd February 2017 (Amendment of IEEE Std 802.3-2015 as amended) IEEE Draft Standard for
2 Fthernet Amendment: Media Access Control Parameters for 50 Gb/s, 100 Gb/s and 200 Gb/s Operation. The Institute

bf Electrical and Electronics Engineers, Inc_, 2017; S.1.: IEEE.

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature Date Considered |

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if|

English language translation is attached.

EFS Web 2.1.18

Marvell Semiconductor, Inc. - Ex. 1002, Page 000003



Application Number

Filing Date

INFORMATION DISCLOSURE First Named Inventor |Yattung LAM

STATEMENT BY APPLICANT

o Art Unit |
( Not for submission under 37 CFR 1.99)

Examiner Name |

Attorney Docket Number |20160_0039_NPU800

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection{s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e){(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature [Daniel J. Krueger/ Date (YYYY-MM-DD) 2019-08-13
Name/Print Daniel J. Krueger Registration Number )42,771

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.18
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/aor examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may he disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
hisfher designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may he disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.1.18
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20160.0039

PTO/AIAIDT {06-12)

Approved for use through 11/30/2020. OMB 0651-0032

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required te respond to a collection of information unless it displays a valid OMB contro! number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of ACTIVE ETHERNET CABLE
Invention

As the below named inventor, | hereby declare that:

This declaration o
is directed ta: @ The attached application, or

D United Staies application or PCT international application number

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

[ hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both,

WARNING:

Petiticner/applicant is cautioned o avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is naver required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such persanal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a nen-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application fife and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Baohua CHEN Date (Optional) :
Signature: BﬂO[IMM OL{ 'F”\-/

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTC/AIA/ T form for each additional inventor.

This callection of infermation is required by 35 U.S.C. 115 and 37 CFR 1.63. The infarmation is required to abtain or retain a benefit by the public which is to file (and
by the USPTO 1o process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection Is eslimated to take 1 minute to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require te complete this form andfor stuggestions for reducing this burden, should be sent o the Chief Information Officer, U.S.
Patent and Trademark Cffice, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. 2O NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PT0-9199 and select aption ?.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000006




20160.0039

PTO/AIANT (08-12)

Approved for use threugh 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Gifice; .S, DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of nformation uniess it displays a valid OMB control number,

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of ACTIVE ETHERNET CABLE

Invention

As the below named inventor, | hereby declare that:

This declaration -
is directed to: @ The attached application, or

D United States application or PCT international application number

fited on

The above-identified application was made or authorized to be made by me.

[ believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisecnment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents fited in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
ta suppaort a petition or an application. If this type of personat information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents befare submitting them ta the
USPTO. Petitioner/applicant is advised that the record of a patent appfication is availabte to the public after publication of the
application (uniess a nan-publication request in compliance with 37 CFR 1.213({a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available ta the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

inventor: Yattung LAM ™ Date (Optional) :

Signature: &

i I L)

Note: An application data sheet (PTO/SB/14 or equivaient), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/ 1 form for each additional inventor.

This collection of infarmation is required by 35 U.S.C. 115 and 37 CFR 1,63, The Information is required to obtain or retain a benefit by the public which is to file {and
by the USPTO to process) an application. Confidentiality is governed by 35 U.8.C. £22 and 37 CFR 1.11 and 1.14, This collection is estimated to take 1 minute to
compiete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual cass. Any
comments on the amount of time you require to complete this form and/er suggestions far reducing this burden, should be sent to the Chief information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THiS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in compleling the form, call 1-800-PT0Q-9199 and select oplion 2.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000007




PTO/MIAGD (07-12)

Approved for use through 11/30/2014. OMB 0651-0035

. Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required o respond te a collection of information uniess it displays a valid OMB control number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

| hereby revoke all previous powers of atforney given in the application identified in the attached staterment
under 37 CFR 3.73{c).

i heraby appoint:

E Praciifioners associated with Customer Number: 63 4 67

OR

D Practitioner{s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):

Name Registration Name Regisiration
Number Number

As sttorney(s) or ageni(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any and all patent applications asmgnad only to the undersigned according to the USPTO assignment records or assignments documents
attached to this form in accordance with 37 CFR 3.73(c).

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(c} to:

i [ | The address associated with Customer Number: 63 467
Firm or
individual Name

Address

City [ State Zip
X

Telephone Email

Assignee Name and Address: Gredo Technology Group Limited, Ugland House, Grand Cayman
Ky1-1104, Cayman Islands

A copy of this form, {ogether with a statement under 37 CFR 3.73(c) {Form PTO/AIA/SE or equivalent) is required to be
Filed in each application in which this form is used. The statement under 37 CFR 3.73{c} may be completed by one of
The practitioners appointed in this form, and must identify the application in which this Power of Attorney is {o be filed.

SIGNATURE of Assignee of Record
The individual WE‘O';@ ss(grrutt,re and iitle is supplied below is authorized to act on behalf of the assignea

I Date 2-9-2018
Name Adam Thorngate-Gottlund Telephone 408-664-9329 x127
Title General Counsel

This collection of information
by the USPTO to proc
to complete, including g
comment@ on the amcu“t of

Signature {

equired by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file {and
piication. Confide govermed by 35 U.5.C. 37 CFR 1.11 and 1.14. This collect »stimated to take 3 minutes
] (ompleted eppliwtirm frr.n m e ys PT(‘ Time v'l. Vde r‘eppr.dir G upa n the i-wd >, Ay

F"‘R MS ‘D T! is ADD?E‘:‘Q ‘SEND TO Commtss:oner for Patents, F‘ 0. Box 1450 Aiexandna, Vz;-\ 22313-145(1

if you need assistance in completing the form, call 1-800-PT0-8189 and select option 2.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000008



PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Yattung LAM and Baohua CHEN

Applicant’/Patent Owner:

Application No./Patent No.: Filed/Issue Date:

Titled: Active Ethernet Cable

Credo Technology Group Limited g corporation

{Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

L] The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000009



PTO/AIA/96 (08-12)
Approved for use through 01/31/2013. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

3. From:

4. From:

5. From:

6. From:

STATEMENT UNDER 37 CFR 3.73(c)

To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:] Additional documents in the chain of title are listed on a supplemental sheet(s).

|:| As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Daniel J . Krueger/ August 13, 2019
Signature Date

Daniel J . Krueger 42,771

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

3. Avrecord in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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transforred, conveyed and assigned, and by way of fivther assurance does/de ey ahx’ transfey,
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protection, rights and tites & slating thereto, and . \SS?U\IORN) further auww& et SReculs
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ASKIGNEER theyeln.

ASSIGNOR(S) doesido herehy anthotize ASSIGNEE or its patent agents or attoreys to
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Fighting Jitter in Fibre-Channel Designs

By Bob Rumer , 02.01.01 []0

Routing multiple serial signals can be a daunting task during the development of fibre channel
systems. Fortunately, digitalrepeaters and retimer ICs can clean up signals and counteract jitter
in order to ensure spec compliance.

Storage area networking (SAN) and network attached storage (NAS) have garnered a great deal of attention in the communication market as the demand for

sophisticated e-commerce and mission-critical systems has exploded over the past year. Estimates of future growth optimistically point to widespread deployment of
these systems to distribute databases, Web pages, streaming video, and movies-on-demand.

Mind Reader 3-Tier Metal Mesh Drawer Mobile
Car...

SEOND AEuAS
WM N

A chief concern of designers of SAN and NAS equipment is, of course, fast access to files. Merely locating audio clips, video clips, and large databases is not enough;
fast access and loading of the data is critical. To this end, fibre channel has emerged as a fast and reliable method for making SAN and NAS equipment a reality.

Fibre channel uses high-speed serial links at either 1.0625- or 2.125-Gbps data rates to link servers, switches, routers, disk arrays, tape systems, and RAID controllers
into complex, redundantly interconnected networks which allow user access to data in the presence of component failures. Fibre channel-derived SAN architectures are
now being deployed in increasingly complex and creative ways to solve serious data availability issues which, to-date, have been unsolvable. Designers implementing
these systems must ensure physical layer interoperability in order to reliably deliver future scaleability to users.

Unfortunately, designing robust gigabit speed serial links is typically viewed as a black art beyond the skill of most system architects. The most challenging area is jitter,
which can adversely affect the reliability of data transfer through the link. As you'll see, repeaters and retimers can be used to mitigate these difficulties and, with care,
provide signals that comply with all jitter-related industry specifications. To better illustrate the impact of repeaters and retimers, let's start with a more detailed look at the
physical layer of fibre channel links.

Speeding the connection

At the transmit source of a fibre channel architecture, 8 b of raw data are encoded into a 10-b character using the 8B/10B encoding scheme. This encoding scheme
provides the encoded data with several critical properties of value in serial data communications. 10-b data is serialized and transmitted through a high-speed,
differential output buffer, onto copper cable or into an optical transceiver for conversion to light. This is done with an output buffer that uses either positive emitter coupled
logic (PECL) or current mode logic (CML).

At the other end of the fibre channel link, high-speed differential data from the copper cable or output of an optical transceiver is input to a high-speed, differential input
buffer that drives a clock and data recovery (CDR) unit. This CDR extracts a bit-rate clock from the serial data, samples the data, then deserializes and decodes it into 8-
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b raw data. The deserializer aligns the recovered serial data to the 8-b parallel bus and uses a distinct 7-b comma character (0011111) in the serial stream to identify
alignment boundaries. This parallel data is then pro-cessed by higher-level functions.

The 8B/10B encoding aids serial communications by conditioning the transmitted signal in order to ease the receiver implementation. 8B/10B encodes raw data into a
10-b character, which has guaranteed edge density (30% on average) and limited run length (5 b maximum) making the CDR easier to design. Furthermore, 8B/10B also
ensures that DC balance is maintained on the copper cable so that the receiver does not see a DC shift at its input. Due to the 8B/10B encoding, links may be AC
coupled in order to provide implementation flexibility between vendors at each end of the link.

In most serial protocols, there is an assumption that the transmitting system and receiving system are asynchronous to each other. In fibre channel, each side of the link
is normally implemented using oscillators with plus/minus 100 parts per million (PPM) frequency tolerance so that the receiver sees potentially up to plus/minus 200 PPM
between the baud rate of the incoming data and that of its local reference clock. All circuit functions that recover data, either serially or in parallel, must accommodate
this frequency offset.

All that jitter

By the time the serial signal reaches a receiver, various forms of jitter may have been added to the signal, making reliable, error-free data recovery difficult. Jitter is the
displacement of a signal's edge from its ideal location and may be caused by numerous factors. Random jitter is unbounded Gaussian jitter (caused primarily by thermal
noise) which is generated in clock multiplier units (CMUSs) in transmitters and in optical transceivers.

Due to the presence of random jitter, links are specified for a given bit error rate (BER),which is usually better than 10-12. At 1.0625- Gbps fibre channel rates, this allows
a single bit error approximately every 15 minutes. Actual systems perform much better than industry specifications but reliable data communication products assume a
worst-case BER and implement reliable recovery mechanisms that result in error-free transmission.

Another consideration is deterministic jitter, timing distortions and irregularities caused by circuit effects in the transmission system. The disturbance is generated by
numerous mechanisms in links but is bounded so that a receiver can reliably accommodate deterministic jitter, if under a certain threshold. Most deterministic jitter is
generated by the bandwidth limitations of the transmission system and results in data-dependent variations in signal.

In the real world, some pretty awful signals are input to systems and must be reliably recovered by the receiver. In general, receivers are implemented with a CDR that is
phase-locked loop (PLL) based. The PLLs in these systems generally feature loop bandwidths in the MHz range, providing decent jitter tolerance. If jitter is considered
as a sinusoidal variation in the location of signal edges, then the frequency of jitter refers to the rate at which the edge moves relative to its ideal position. The amplitude
of jitter refers to the amount of absolute movement from ideal.

The CDR's PLL can reliably recover sinusoidal jittered serial data that has jitter below a certain amplitude threshold. This threshold amplitude varies with the frequency of
jitter. Jitter below the loop bandwidth of the PLL is trackable, while jitter above the loop bandwidth is not. As a rule, the higher the receiver's loop bandwidth, the higher
the jitter tolerance.

Complex serial syst

While a typical point-to-point connection addresses the needs of some system integrators, much more useful systems can be built using hubs, switches, and other serial
routing functions to connect, steer, and replicate serial signals. Duplex links between systems would then route through more circuitous paths to connect end-user nodes
but would provide more flexibility and robustness than point-to-point connections.

One of the more complex subsystems in fibre channel is the just-a-bunch-of-disks (JBOD) disk array. In this array, incoming serial data is routed to all functional drives,
isolated from all non-functional drives, and then routed back to the source of data.

Figu hows a typical fibre channel arbitrated loop (FC-AL) JBOD. Each drive has two fibre channel links for
redundant access in high-availability systems. Two independent sets of circuits are used to connect the incoming serial data (on loop A or loop B) to the disk drives.
Repeaters and retimers are used at the incoming and outgoing ports of the system to clean up signals in each direction.

Port bypass circuits (PBCs) are also included in the fibre channel architecture highlighted in Eigure 1 < https://m.eet.com/media/1095877/0201fibre1.gif> . These

circuits serve as high-speed serial multiplexers that steer gigabit signals to the drives. S

When combined together, the repeaters, retimers, and PBCs form a virtual FC-AL that includes all functional drives and isolates all non-functional drives. Intermediate
repeaters may be required, depending on the size and complexity of the system.

A repeat performance

In this article, the term "repeater” will be used for a CDR circuit where the recovered serial data is retransmitted synchronously to the recovered clock. Repeaters are
used to receive and retransmit serial data and, in the process, clean up the signal. Repeaters are not protocol-addressable entities but are considered part of the
interconnect. (Please note that in alternate technologies, such as Ethernet, other terms may be used for this function).

In a typical repeater block diagram, serial input data is sent to the repeater PLL and CDR sampling flip-flop (see Figure 2

1095878/0201fibre 2. f>‘ . The PLL lines up a 1.0625- or 2.125-GHz clock synchronouély to the rising and falling edges of input data as well
as a clock 180% out of phase with the recovered clock used to resample the data in the flip-flop.

Resampled data is then retransmitted through the output buffer. Some implementations require an external control input, LOCK2REF, which forces the repeater to lock to
a local reference clock when not locking on data. Other repeaters do not need a LOCK2REF input or a reference clock.

The repeater is simple, requires fairly low power, and features low latency through the device (usually several bit times). However, jitter below the loop bandwidth of the
CDR PLL will be retransmitted without any jitter attenuation. Any jitter above the loop bandwidth of the PLL is attenuated aggressively.

Traditionally, analog repeaters have been employed in fibre channel architectures. However, modern, application-specific, digital repeaters are gaining popularity due to
their superior performance. Digital repeaters offer outstanding jitter tolerance, which is the ability of the receiver to reliably recover the data error-free, as well as low jitter
transfer, which measures how much of the jitter at the input signal is transferred to the output.
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In general, the higher the loop bandwidth of the receiver, the better the jitter tolerance and the worse the jitter transfer. Typically, one-stage analog repeaters are forced to
compromise between high loop bandwidth (resulting in good jitter tolerance but poor jitter transfer) or low loop bandwidth (poor jitter tolerance but good jitter transfer).

Analog vs. digital

Eigﬂg[g 3 f,h,t,t,B,,5,:,”""‘??,‘:99?‘!’9?,‘“@{1,9,9,5,§19!9291,fib,f§§:9, if?vshows the jitter transfer of an analog and a digital repeater. The X-axis is the frequency of jitter. The Y-
axis is the ratio of jitter output versus jitter input measured in dB. The jitter-transfer curve shown in
analog repeater shows high loop bandwidth (~15 MHz) where the loop bandwidth is measured at the

p

Any jitter below the loop bandwidth is transferred from the input to the output unattenuated. Furthermore, many analog repeaters exhibit jitter peaking where the input
jitter actually excites a higher jitter at the output. In general, this is less than 1 dB, but it does limit the number of repeaters that can be cascaded in real-world systems.

Adigital repeater offers several benefits. First, it operates identically over process, voltage, and temperature. A two-stage digital repeater implements a first-stage CDR
with high loop bandwidth (approximately 4 MHz) in order to have good jitter tolerance. The second stage features very low loop bandwidth (approximately 75 kHz) in
order to minimize the amount of jitter transferred to downstream devices. Also, since they do not peak, they can be cascaded without worry. When these features are
combined, this repeater provides good jitter tolerance and good jitter transfer in a non-peaking design.

Retimers

The term "retimer” is used for a CDR that retransmits the recovered serial data synchronously to a local reference clock. This complex retimer function eliminates jitter
transfer at the expense of latency.

Due to the potential mismatch between the baud rate of the incoming data and the local reference clock (approximately plus/minus 200 PPM), an add/ drop first in first
out (FIFO) is required to insert or delete 40-b ordered sets known as "fill words" to accommodate this rate difference. By eliminating jitter transfer, signal-quality
standards compliance is ensured. A block diagram of a typical retimer includes a digital receiver, the add/drop FIFO scheduler, and an output flip-flop for retransmission

(see Figure 4 < https://m.eet.com/media/1095880/0201fibred.qif>).

Data that is added or dropped must be anticipated by the protocol level, in this case fibre channel, which must provide for addable and droppable protocol entities. Since
fibre channel was conceived with the idea of complex data paths, retimers were considered at the early stages of protocol development. For example, a transmitting
source for fibre channel frames must place at least six idle ordered sets between each frame. At the receiving end, at least two idle ordered sets must be present. This
allows intermediated devices to drop a maximum of four idle ordered sets.

Since data in the add/drop FIFO is taken out of the FIFO with a locally-generated reference clock, the jitter at the output will depend on the output stage of the repeater
and the internally generated bit-rate clock, but not on the input serial data.

A price is paid for the additional complexity involved in retimers. Obviously, power increases, but more importantly, there is a latency penalty on the order of several
hundred bit times due to the FIFO. The efficiency of a network is proportional to the latency of each path. Therefore, the increased latency in the retimer reduces network
efficiently.

Which to use?
As a general rule, designers of complex systems should use retimers at the output of their

systems or at any node that customers might view a data eye. This ensures that the customer only sees specification-compliant data eyes at the output of retimers. By
using repeaters elsewhere, the latency penalty associated with retimers is avoided and network efficiency is optimized. Although repeaters may transfer some low
frequency jitter from the input to the outputs, this frequency is low enough that downstream receivers will reliably recover the data without error.

The basic functions of a fibre channel repeater or retimer can be used in other protocols such as Gigabit Ethernet and Infiniband. In Ethernet, a repeater is equivalent to
a fibre channel retimer - an unfortunate naming snafu. Unlike fibre channel, Gigabit Ethernet is dominated by point-to-point links between network interface cards (NICs)
and switches.

Ethernet repeaters are used between two subnets in the same collision domain and are most commonly called upon to translate from one media type to another.
Consequently, an Ethernet repeater is more complicated than a fibre channel retimer since multiple physical layer protocols must be supported and management is
almost always mandatory.

In Infiniband, these functions are addressed by a "retiming repeater,”" and each link is allowed to contain no more than two retiming repeaters. This function is equivalent
to a fibre channel retimer. In order to accommodate frequency offsets between the incoming data and the local transmit clock, retiming repeaters are allowed to add or
drop skip symbols (a special 10-b word) within the skip ordered set (initially a 40-b entity) which starts with a K28.5 character. Since Infiniband consists of 1x, 4x, or 12x
wide links, the retiming repeater may be designed to perform lane-to-lane deskew as well.

The equivalents of fibre channel repeaters have been used in either Ethernet or Infiniband, although nothing in the specifications preclude their use.
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ACTIVE ETHERNET CABLE

BACKGROUND
[0001] The Institute of Electrical and Electronics Engineers (IEEE) Standards
Association publishes an IEEE Standard for Ethernet, IEEE Std 802.3-2015, which
will be familiar to those of ordinary skill in the art to which this application pertains.
This Ethernet standard provides a common media access control specification for
local area network (LAN) operations at selected speeds from 1 Mb/s to 100 Gb/s
over coaxial cable, twinaxial cable, twisted wire pair cable, fiber optic cable, and
electrical backplanes, with various channel signal constellations. As demand
continues for ever-higher data rates, the standard is being extended. Such
extensions to the standard must account for increased channel attenuation and
dispersion even as the equalizers are forced to operate at faster symbol rates. It is
becoming increasingly difficult to provide affordable, mass-manufactured network
hardware that assures consistently robust performance as the proposed per-lane

bit rates rise beyond 50 Gbps with PAM4 or larger signal constellations.

SUMMARY
[0002] Accordingly, there are disclosed herein architectures and communication
methods that enable mass-manufactured cables to perform robustly at per-lane
PAM4 symbol rates up to 26.5625 GBd and beyond. One illustrative cable
embodiment includes electrical conductors connected between a first connector
and a second connector. The first and second connectors are each adapted to fit
into an Ethernet port of a corresponding host device to receive from that host
device an electrical input signal conveying an inbound data stream to the cable, and

to provide to that host device an electrical output signal conveying an outbound
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data stream from the cable. The first and second connectors each include a
respective transceiver that performs clock and data recovery on the electrical input
signal to extract and re-modulate the inbound data stream for transit via the
electrical conductors as a respective electrical transit signal conveying a transit data
stream.

[0003] One illustrative communication method embodiment includes, in a network
cable having conductor pairs connecting a first connector to a second connector:
receiving with the first connector a first electrical input signal conveying a first
inbound data stream from a first host device; performing clock and data recovery
on the first electrical input signal with a first transceiver in the first connector to
extract the first inbound data stream; re-modulating the first inbound data stream
as a first transit data stream conveyed by a first electrical transit signal over a first
of the conductor pairs; receiving with the second connector a second electrical
input signal conveying a second inbound data stream from a second host device;
performing clock and data recovery on the second electrical input signal with a
second transceiver in the second connector to extract the second inbound data
stream; and re-modulating the second inbound data stream as a second transit
data stream conveyed by a second electrical transit signal over a second of the
conductor pairs.

[0004] One illustrative cable manufacturing method includes: connecting a first end
and a second end of a set of conductor pairs to a first transceiver and a second
transceiver, respectively, to transport a first electrical transit signal from the first
transceiver to the second transceiver and a second electrical transit signal from the
second transceiver to the first transceiver; packaging the first transceiver into a first

connector configured to couple a first electrical input signal from a network
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interface port of a first host device to the first transceiver and a first electrical
output signal from the first transceiver to the network interface port of the first
host device; and packaging the second transceiver into a second connector
configured to couple a second electrical input signal from a network interface port
of a second host device to the second transceiver and a second electrical output
signal from the second transceiver to the network interface port of the second host
device, the first and second transceivers being configured to perform clock and
data recovery on the first and second electrical input signal to extract and re-
modulate the first and second inbound data streams respectively as the first and
second electrical transit signals conveying first and second transit data streams.

[0005] Each of the foregoing embodiments may be implemented individually or in
combination, and may be implemented with one or more of the following features
in any suitable combination: 1. the respective transceiver for each of the first and
second connectors performs clock and data recovery on the respective electrical
transit signal to extract and re-modulate the transit data stream as the outbound
data stream from the cable. 2. the respective transceivers each employ fixed, cable-
independent, equalization parameters for each of: the remodulation of the transit
data stream as the outbound data stream, and the clock and data recovery
performed on the electrical input signal. 3. the respective transceivers each employ
cable-dependent equalization parameters for at least one of: the remodulation of
the inbound data stream for transit, and the clock and data recovery performed on
the electrical transit signal. 4. the cable-dependent equalization parameters are
adapted during usage of the cable. 5. said cable-dependent equalization
parameters are fixed during normal usage of the cable. 6. said cable-dependent

equalization parameters are determined during manufacturer-testing of the cable.
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7. the inbound data stream and the outbound data stream each have a per-lane bit
rate of 50 Gbps or more. 8. performing clock and data recovery on the first electrical
transit signal with the second transceiver to extract the first transit data stream;
and performing clock and data recovery on the second electrical transit signal with
the first transceiver to extract the second transit data stream. 9. re-modulating the
first transit data stream as a second outbound data stream conveyed by a second
electrical output signal to the second host device; and re-modulating the second
transit data stream as a first outbound data stream conveyed by a first electrical
output signal to the first host device. 10. said re-modulating the first transit data
stream, said re-modulating the second transit data stream, said performing clock
and data recovery on the first electrical input signal, and said performing clock and
data recovery on the second electrical input signal, each employ fixed, cable-
independent, equalization parameters. 11. cable-dependent equalization
parameters are employed for at least one of: re-modulating the first inbound data
stream, re-modulating the second inbound data stream, said performing clock and
data recovery on the first electrical transit signal, and said performing clock and
data recovery on the second electrical transit signal. 12. determining said cable-
dependent equalization parameters during manufacturer-testing of the network
cable. 13. the first and second transceivers are configured to perform clock and
data recovery on the second and first electrical transit signals to extract and re-
modulate the second and first transit data streams as first and second outbound
data streams conveyed by the first and second electrical output signals from the
cable. 14. the first and second transceivers are each configured to employ fixed,
cable-independent, equalization parameters for clock and data recovery on the

respective electrical input signals and for generating the respective electrical
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output signals. 15. the first and second transceivers are each configured to employ
cable-dependent equalization parameters for generating the first and second
electrical transit signals and for clock and data recovery on the second and first
electrical transit signals. 16. the first and second transceivers are each configured
to adapt the cable-dependent equalization parameters during operation. 17. the
first and second transceivers are each configured to use preset cable-dependent
equalization parameters during operation. 18. testing an assembled cable to

determine the cable-dependent equalization parameters.

BRIEF DESCRIPTION OF THE DRAWINGS
[oo08] Fig. 1is a perspective view of an illustrative active Ethernet cable.
[0007] Fig. 2 is a function-block diagram of the illustrative cable.
[0008] Fig. 3 is an architectural diagram for a communications link including the
illustrative cable.
[0009] Fig. 4 is a block diagram of a receiver in an illustrative multi-lane transceiver.
[0010] Fig. 5 is a block diagram of a transmitter in an illustrative multi-lane
transceiver.
[0011] Fig. 6 is a flow diagram of an illustrative cable manufacturing method.
[0012] Fig. 7 is a perspective view of an illustrative active 1:4 breakout cable.

[0013] Fig. 8 is a function-block diagram of the illustrative 1:4 breakout cable.

DETAILED DESCRIPTION
[0014] While specific embodiments are given in the drawings and the following
description, keep in mind that they do not limit the disclosure. On the contrary,

they provide the foundation for one of ordinary skill to discern the alternative
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forms, equivalents, and modifications that are encompassed in the scope of the
appended claims.

[0015] Fig. 1is a perspective view of an illustrative cable that may be used to provide
a high-bandwidth communications link between devices in a routing network. The
routing network may be or include, for example, the Internet, a wide area network,
or a local area network. The linked devices may be computers, switches, routers,
and the like. The cable includes a first connector 102 and a second connector 104
that are electrically connected via a cord 106. The cord 106 includes electrically
conductive wires usually in a paired form such as with twinaxial conductors.
Twinaxial conductors can be likened to coaxial conductors, but with two inner
conductors instead of one. The inner conductors may be driven with a differential
signal and their shared shield operates to reduce crosstalk with other twinaxial
conductors in the cable. Depending on the performance criteria, it may be possible
to employ other paired or single-ended conductor implementations.

[0016] Pursuant to the Ethernet standard, each conductor pair may provide
unidirectional transport of a differential signal. To enable robust performance over
even extended cable lengths (greater than, say, 3 m, 6 m, or 9 m), each connector
102, 104 may include a powered transceiver that performs clock and data recovery
(CDR) and re-modulation of data streams in each direction. Notably, the
transceivers perform CDR and re-modulation not only of the outbound data
streams as they exit the cable, but also of the inbound data streams as they enter
the cable.

[0017] It is acknowledged here that the inbound data streams may be expected to
be compliant with the relevant standard and may be expected to have experienced

essentially no deterioration from their traversal of the network interface port's
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receptacle pins and the cable assembly's connector plug pins. Nevertheless, the
modulation quality and equalization strategy employed by the electronics
manufacturer of the transmitting network interface is generally unknown and the
minimum requirements of the standard may be inadequate for transport over an
extended cable length, particularly if the electronics manufacturer of the receiving
network interface is different than that of the transmitting network interface. As
with the transmitting network interface, the equalization and demodulation
strategy employed by the electronics manufacturer of the receiving network
interface is generally unknown and may be unable to cope with the attenuation
and interference caused by signal transport over an extended cable length. By
performing CDR and re-modulation of both inbound and outbound data streams,
the illustrative cable enables consistently robust data transfer over extended cable
lengths can be assured without consideration of the electronics manufacturers of
the network interfaces.

[0018] Fig. 2 is a function-block diagram of the illustrative cable of Fig. 1. Connector
102 includes a plug 202 adapted to fit a standard-compliant Ethernet portin a first
host device 302 (Fig. 3) to receive an inbound data stream as an electrical input
signal from the host device and to provide an outbound data stream as an electrical
output signal to the host device. Similarly, connector 104 includes a plug 204 that
fits an Ethernet port of a second host device 304. Connector 102 includes a first
transceiver 206 to perform CDR and re-modulation of the data streams entering
and exiting the cable at connector 102, and connector 104 includes a second
transceiver 208 to perform CDR and re-modulation of the data streams entering
and exiting the cable at connector 104. The transceivers 206, 208 may be integrated

circuits mounted on a printed circuit board and connected to plug pins via circuit
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board traces. The wires of cord 106 may be soldered to corresponding pads on the
printed circuit board.

[0019] Each transceiver 206, 208, includes a set 210 of transmitters and receivers
for communicating with the host device and a set 212 of transmitters and receivers
for sending and receiving via conductor pairs running the length of the cable. The
illustrated cable supports four bidirectional communication lanes LNO-LN3, each
bidirectional lane formed by two unidirectional connections, each unidirectional
connection having a differentially-driven twinaxial conductor pair (with a shield
conductor not shown here). The transceivers optionally include a memory 214 to
provide first-in first-out (FIFO) buffering between the transmitter & receiver sets
210, 212. A controller 216 coordinates the operation of the transmitters and
receivers by, e.g., setting initial equalization parameters and ensuring the training
phase is complete across all lanes and links before enabling the transmitters and
receiver to enter the data transfer phase.

[0020] In at least some contemplated embodiments, the host-facing transmitter
and receiver set 210 employ fixed equalization parameters that are cable-
independent, i.e., they are not customized on a cable-by-cable basis. The center-
facing transmitter and receiver set 212 preferably employ cable-dependent
equalization parameters that are customized on a cable-by-cable basis. The cable-
dependent equalization parameters may be adaptive or fixed, and initial values for
these parameters may be determined during manufacturer tests of the cable. The
equalization parameters may include filter coefficient values for pre-equalizer
filters in the transmitters, and gain and filter coefficient values for the receivers.
[0021] The illustrative cable of Fig. 2 may be a part of a point-to-point

communications link between two host devices 302, 304 as shown in the
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architectural diagram of Fig. 3. Fig. 3 shows the architecture using the I1SO/IEC
Model for Open Systems Interconnection (See ISO/IEC 7498-1:1994.1) for
communications over a physical medium such as the twinaxial conductor pairs
represented by channels 306. The interconnection reference model employs a
hierarchy of layers with defined functions and interfaces to facilitate the design and
implementation of compatible systems by different teams or vendors. While it is
not a requirement, it is expected that the higher layers in the hierarchy will be
implemented primarily by software or firmware operating on programmable
processors while the lower layers may be implemented as application-specific
hardware.

[0022] The Application Layer 308 is the uppermost layer in the model, and it
represents the user applications or other software operating on different systems
that need a facility for communicating messages or data. The Presentation Layer
310 provides such applications with a set of application programming interfaces
(APIs) that provide formal syntax along with services for data transformations (e.g.,
compression), establishing communication sessions, connectionless
communication mode, and negotiation to enable the application software to
identify the available service options and select therefrom. The Session Layer 312
provides services for coordinating data exchange including: session synchronization,
token management, full- or half-duplex mode implementation, and establishing,
managing, and releasing a session connection. In connectionless mode, the Session
Layer may merely map between session addresses and transport addresses.

[0023] The Transport Layer 314 provides services for multiplexing, end-to-end
sequence control, error detection, segmenting, blocking, concatenation, flow

control on individual connections (including suspend/resume), and implementing
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end-to-end service quality specifications. The focus of the Transport Layer 314 is
end-to-end performance/behavior. The Network Layer 316 provides a routing
service, determining the links used to make the end-to-end connection and when
necessary acting as a relay service to couple together such links. The Data link layer
318 serves as the interface to physical connections, providing delimiting,
synchronization, sequence and flow control across the physical connection. It may
also detect and optionally correct errors that occur across the physical connection.
The Physical layer 322 provides the mechanical, electrical, functional, and
procedural means to activate, maintain, and deactivate channels 306, and to use
the channels 306 for transmission of bits across the physical media.

[0024] The Data Link Layer 318 and Physical Layer 322 are subdivided and modified
slightly by IEEE Std 802.3-2015, which provides a Media Access Control (MAC)
Sublayer 320 in the Data Link Layer 318 to define the interface with the Physical
Layer 322, including a frame structure and transfer syntax. Within the Physical
Layer 322, the standard provides a variety of possible subdivisions such as the one
illustrated in Fig. 3, which includes an optional Reconciliation Sublayer 324, a
Physical Coding Sublayer (PCS) 326, a Forward Error Correction (FEC) Sublayer 328,
a Physical Media Attachment (PMA) Sublayer 330, a Physical Medium Dependent
(PMD) Sublayer 332, and an Auto-Negotiation (AN) Sublayer 334.

[0025] The optional Reconciliation Sublayer 324 merely maps between interfaces
defined for the MAC Sublayer 320 and the PCS Sublayer 326. The PCS Sublayer 326
provides scrambling/descrambling, data encoding/decoding (with a transmission
code that enables clock recovery and bit error detection), block and symbol
redistribution, PCS alignment marker insertion/removal, and block-level lane

synchronization and deskew. To enable bit error rate estimation by components of
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the Physical Layer 322, the PCS alignment markers typically include Bit-Interleaved-
Parity (BIP) values derived from the preceding bits in the lane up to and including
the preceding PCS alignment marker.

[0026] The FEC Sublayer 328 provides, e.g., Reed-Solomon coding/decoding that
distributes data blocks with controlled redundancy across the lanes to enable error
correction. In some embodiments (e.g., in accordance with Article 91 or proposed
Article 134 for the IEEE Std 802.3), the FEC Sublayer 328 modifies the number of
lanes (Article 91 provides for a 20-to-4 lane conversion).

[0027] The PMA Sublayer 330 provides lane remapping, symbol encoding/decoding,
framing, and octet/symbol synchronization. The PMD Sublayer 332 specifies the
transceiver conversions between transmitted/received channel signals and the
corresponding bit (or digital symbol) streams. An optional AN Sublayer 334 is
shown as a internal element of the PMD Sublayer 332, and it implements an initial
start-up of the communications channels, conducting an auto-negotiation phase
and a link-training phase before entering a normal operating phase. The auto-
negotiation phase enables the end nodes to exchange information about their
capabilities, and the training phase enables the end nodes to adapt both transmit-
side and receive-side equalization filters in a fashion that combats the channel non-
idealities. A receptacle 336 is also shown as part of the PMD sublayer 332 to
represent the physical network interface port.

[0028] The connectors 102, 104, have plugs 202, 204 that mate with the receptacles
336 of the two host devices 302, 304. Within each connector, the transceivers may
implement a host-facing Physical Layer 322A, a center-facing Physical Layer 322B,
and a Data Link Layer 340 that bridges together the two Physical Layers. More

information regarding the operation of the sublayers, as well as the electrical and
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physical specifications of the connections between the nodes and the
communications medium (e.g., pin layouts, line impedances, signal voltages &
timing), and the electrical and physical specifications for the communications
medium itself (e.g., conductor arrangements in copper cable, limitations on
attenuation, propagation delay, signal skew), can be found in the current Ethernet
standard, and any such details should be considered to be well within the
knowledge of those having ordinary skill in the art.

[0029] The MAC, Reconciliation, PCS, FEC, PMA, and PMD Sublayers, may be
implemented as application-specific integrated circuitry to enable high-rate
processing and data transmission. The receiver and transmitter sets 210, 212, may
implement the PMA and PMD sublayers. Figs. 4 and 5 are block diagrams of an
illustrative receiver and an illustrative transmitter that may be part of the sets 210,
212.

[0030] In Fig. 4, receiver 400 receives an analog electrical signal (CH_IN) and
supplies it to a low noise amplifier (LNA) 402. The LNA 402 provides a high input
impedance to minimize channel loading and amplifies the received electrical signal
to drive the input of a continuous time linear equalizer (CTLE) filter 404. CTLE 404
provides continuous time filtering to shape the signal spectrum to reduce the
length of the channel impulse response while minimizing leading inter-symbol
interference (ISl). A decision feedback equalizer (DFE) 406 operates on the filtered
signal to correct for trailing ISl and detect each transmitted channel bit or symbol,
thereby producing a demodulated digital data stream. Some embodiments employ
oversampling. A clock and data recovery (CDR) circuit 408 extracts a clock signal
from the filtered signal and/or the digital data stream and supplies it to DFE 406 to

control sample and symbol detection timing. A serial-to-parallel circuit 410 groups

- 12 -

Marvell Semiconductor, Inc. - Ex. 1002, Page 000045

]



20160.0039

the digital data stream bits or symbols into blocks to enable the use of lower clock
rates for subsequent on-chip operations. The symbols or data blocks are placed on
the digital receive bus (RXD) for retransmission to the remote end node by a
transmitter.

[0031] While certain contemplated cable embodiments do not support auto-
negotiation, other contemplated embodiments do support auto-negotiation in
accordance with the Ethernet standard. When supported, the auto-negotiation
may be implemented as described in PCT/CN2017/075961, titled "Ethernet link
extension method and device" by inventors Yifei Dai, Haoli Qian, and Jeff Twombly,
and filed 2017-03-08. A detector or packet information extractor 442 monitors the
receive signal for the end of the auto-negotiation phase and/or the beginning of
the training phase frames.

[0032] During the training phase, a filter adaptation circuit 440 measures an error
between the input and output of a decision element in DFE 406, employing that
error in accordance with well-known techniques from the literature on adaptive
filtering to determine adjustments for the coefficients in CTLE filter 404, DFE 406,
and a transmit filter 506 (discussed further below), and to determine whether
convergence has been achieved. The locally-generated information (LOCAL_INFO)
including the transmit filter coefficient adjustments and the convergence status are
provided to the local transmitter 500 that communicates in the reverse direction
on the data lane. As discussed below, the local transmitter communicates the
transmit filter adjustments and the convergence status via a back-channel to the
source of the CH_IN signal. In that vein, the received signal includes back-channel
information from the source of the CH_IN signal. A packet information extractor

442 detects the back-channel information (BACK_INFO) and passes it to the local
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transmitter. Once convergence is achieved, receiver 400 is ready to begin normal
operations.

[0033] In Fig. 5, transmitter 500 receives blocks of channel bits or symbols for
transmission to the source of the CH_IN signal (Fig. 4). During normal operations,
multiplexer 502 supplies blocks of channel bits or symbols from the remote source
(received on the TXD bus) to the parallel to serial (P2S) circuit 504. P2S circuit
converts the blocks into a digital data stream. A transmit filter 506, also called a
pre-emphasis filter, converts the digital data stream into an analog electrical signal
with spectral shaping to combat channel degradation. Driver 508 amplifies the
analog electrical signal to drive the channel output (CH_OUT) node.

[0034] If supported, the auto-negotiation phase may be implemented as set forth
in Y.Dai et al. During the training phase, multiplexer 502 obstructs information from
the TXD bus, instead supplying P2S circuit 504 with training frames from a training
controller 540. The training controller 540 generates the training frames based on
the convergence status and transmit filter coefficient adjustments (LOCAL_INFO)
received from the local receiver 400. That is, in addition to training patterns, the
training frames include backchannel information to be used by the remote end of
the channel. Note that even after the local receiver indicates filter convergence has
occurred, the training controller 540 may prolong the training phase to coordinate
training phase timing across lanes and along each link of the channel. The training
frames include training sequences as specified by the relevant portions of the
current Ethernet standard (IEEE Std 802.3).

[0035] The training controller 540 further accepts the back-channel information
(BACK_INFO) extracted by the local receiver from received training frames sent by

the local end node. The training controller applies the corresponding adjustments
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to the coefficients of transmit filter 506. Upon conclusion of the training phase,
multiplexer 502 begins forwarding TXD blocks to the P2S circuit 504.

[0036] Fig. 6 is a flowchart of an illustrative cable manufacturing method. It begins
in block 602 with connecting the ends of the conductor pairs to the first and second
transceivers, typically by soldering the wire ends to pads of the circuit boards on
which the transceivers are mounted. This and the ensuing steps may be performed
by automated manufacturing/testing equipment. In block 604, the equipment
packages each transceiver in a respective end connector for the network cable. The
connectors are adapted to mate with network interface ports of host devices, and
include plugs that electrically connect with matching receptacles in the ports.
[0037] In block 606, the equipment tests the cable to verify compliance with
performance specifications and to determine cable-dependent equalization
parameters for use by the center-facing transmitter and receiver sets 212. In block
608, the equipment causes the transceivers to store the equalization parameters
(including both cable-dependent and cable-independent parameters) in
nonvolatile memory. The cable may then be packaged and sold to customers
expecting robust performance between host devices made by a range of different
manufacturers.

[0038] Though a two-ended cable has been used in the foregoing description, the
disclosed principles are also applicable to other cable designs, including the 1:4
breakout cable design of Figs. 7 and 8. Fig. 7 is a perspective view of the breakout
cable having a first connector 102 which may be designed for sending and receiving
a 200 Gbps Ethernet data stream, e.g., in the form of 4 lanes of 50 Gbps, each lane
using PAM4 at 26.5625 GBd. Four cords 906 may each carry 1 lane of 50 Gbps or 2
lanes of 25 Gbps, each lane using PAM4 at 26.5625 GBd or non-return to zero (NRZ)
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signaling at 26.5625 GBd. Each of the connectors 802-808 may be designed for
sending and receiving a 50 Gbps Ethernet data stream. Such breakout cables are
useful for linking host devices designed to different generations of the Ethernet
standard. As another example, the first connector may be designed for sending and
receiving 400 Gbps (8 lanes of 50 Gbps PAM4), while each of the remaining
connectors may be designed for sending and receiving 100 Gbps (4 lanes of 25 Gbps
NRZ).

[0039] Fig. 8 shows a block diagram of the 1:4 breakout cable. In the example of Fig.
8, connector 102 supports 4 lanes while each of the other connectors 802-808
supports one lane. Connectors 802-808 accordingly include transceivers 905 each
having a single host-facing lane and a single center-facing lane supported by host-
facing transmitter and receiver sets 910 and center-facing transmitter and receiver
sets 912. Though not explicitly shown here, the host-facing transmitter and receiver
sets 910 may include "gearbox" functions that convert 1 lane of PAM4 symbols into
2 lanes of NRZ symbols, and vice versa. FIFO buffers 914 bridge together the host-
facing and center-facing sets, and operation of the transmitter and receiver sets is
coordinated by controllers 916.

[0040] Numerous alternative forms, equivalents, and modifications will become
apparent to those skilled in the art once the above disclosure is fully appreciated.
It is intended that the claims be interpreted to embrace all such alternative forms,
equivalents, and modifications that are encompassed in the scope of the appended

claims.
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CLAIMS
What is claimed is:
1. An active Ethernet cable that comprises:
electrical conductors connected between a first connector and a second
connector,
each of the first and second connectors being adapted to fit into an Ethernet
port of a corresponding host device to receive from that host device an
electrical input signal conveying an inbound data stream to the cable and to
provide to that host device an electrical output signal conveying an outbound
data stream from the cable,
each of the first and second connectors including a respective transceiver that
performs clock and data recovery on the electrical input signal to extract and
re-modulate the inbound data stream for transit via the electrical conductors
as a respective electrical transit signal conveying a transit data stream.
2. The active Ethernet cable of claim 1, wherein the respective transceiver for
each of the first and second connectors performs clock and data recovery on the
respective electrical transit signal to extract and re-modulate the transit data
stream as the outbound data stream from the cable.
3. The active Ethernet cable of claim 2, wherein the respective transceivers each
employ fixed, cable-independent, equalization parameters for each of: the
remodulation of the transit data stream as the outbound data stream, and the
clock and data recovery performed on the electrical input signal.
4. The active Ethernet cable of claim 3, wherein the respective transceivers each
employ cable-dependent equalization parameters for at least one of: the

remodulation of the inbound data stream for transit, and the clock and data
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recovery performed on the electrical transit signal.

5. The active Ethernet cable of claim 4, wherein said cable-dependent
equalization parameters adapt during usage of the Ethernet cable.

6. The active Ethernet cable of claim 4, wherein said cable-dependent
equalization parameters are fixed during normal usage of the Ethernet cable, and
wherein said cable-dependent equalization parameters are determined during
manufacturer-testing of the Ethernet cable.

7. The active Ethernet cable of claim 6, wherein the inbound data stream and the

outbound data stream each have a per-lane symbol rate in excess of 50 GBd.

8. A communication method that comprises, in a network cable having conductor
pairs electrically connecting a first connector to a second connector:
receiving with the first connector a first electrical input signal conveying a first
inbound data stream from a first host device;
performing clock and data recovery on the first electrical input signal with a first
transceiver in the first connector to extract the first inbound data stream;
re-modulating the first inbound data stream as a first transit data stream
conveyed by a first electrical transit signal over a first of the conductor pairs;
receiving with the second connector a second electrical input signal conveying a
second inbound data stream from a second host device;
performing clock and data recovery on the second electrical input signal with a
second transceiver in the second connector to extract the second inbound
data stream; and
re-modulating the second inbound data stream as a second transit data stream

conveyed by a second electrical transit signal over a second of the conductor
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pairs.
9. The communication method of claim 8, further comprising:
performing clock and data recovery on the first electrical transit signal with the
second transceiver to extract the first transit data stream;
re-modulating the first transit data stream as a second outbound data stream
conveyed by a second electrical output signal to the second host device;
performing clock and data recovery on the second electrical transit signal with
the first transceiver to extract the second transit data stream; and
re-modulating the second transit data stream as a first outbound data stream
conveyed by a first electrical output signal to the first host device.
10. The communication method of claim 9, wherein said re-modulating the first
transit data stream, said re-modulating the second transit data stream, said
performing clock and data recovery on the first electrical input signal, and said
performing clock and data recovery on the second electrical input signal, each
employ fixed, cable-independent, equalization parameters.
11. The communication method of claim 10, wherein cable-dependent
equalization parameters are employed for at least one of: re-modulating the first
inbound data stream, re-modulating the second inbound data stream, said
performing clock and data recovery on the first electrical transit signal, and said
performing clock and data recovery on the second electrical transit signal.
12. The communication method of claim 11, wherein said cable-dependent
equalization parameters are adaptively updated.
13. The communication method of claim 11, wherein said cable-dependent
equalization parameters are fixed during normal usage, and wherein the method

further comprises: determining said cable-dependent equalization parameters
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during manufacturer-testing of the network cable.
14. The communication method of claim 13, wherein the first inbound data

stream has a per-lane symbol rate in excess of 50 GBd.

15. A cable manufacturing method that comprises:
connecting a first end and a second end of a set of conductor pairs to a first
transceiver and a second transceiver, respectively, to transport a first electrical
transit signal from the first transceiver to the second transceiver and a second
electrical transit signal from the second transceiver to the first transceiver;
packaging the first transceiver into a first connector configured to couple a first
electrical input signal from a network interface port of a first host device to the
first transceiver and a first electrical output signal from the first transceiver to
the network interface port of the first host device; and
packaging the second transceiver into a second connector configured to couple
a second electrical input signal from a network interface port of a second host
device to the second transceiver and a second electrical output signal from the
second transceiver to the network interface port of the second host device,
the first and second transceivers being configured to perform clock and data
recovery on the first and second electrical input signal to extract and re-
modulate the first and second inbound data streams respectively as the first
and second electrical transit signals conveying first and second transit data
streams.
16. The cable manufacturing method of claim 15, wherein the first and second
transceivers are configured to perform clock and data recovery on the second and

first electrical transit signals to extract and re-modulate the second and first
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transit data streams as first and second outbound data streams conveyed by the
first and second electrical output signals from the cable.

17. The cable manufacturing method of claim 16, wherein the first and second
transceivers are each configured to employ fixed, cable-independent, equalization
parameters for clock and data recovery on the respective electrical input signals
and for generating the respective electrical output signals.

18. The cable manufacturing method of claim 17, wherein the first and second
transceivers are each configured to employ cable-dependent equalization
parameters for generating the first and second electrical transit signals and for
clock and data recovery on the second and first electrical transit signals.

19. The cable manufacturing method of claim 18, wherein the first and second
transceivers are each configured to adapt the cable-dependent equalization
parameters during operation.

20. The cable manufacturing method of claim 18, wherein the first and second
transceivers are each configured to use preset cable-dependent equalization
parameters during operation, and wherein the method further comprises: testing

an assembled cable to determine the cable-dependent equalization parameters.
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ABSTRACT
Accordingly, there are disclosed herein architectures and communication methods
that enable mass-manufactured cables to perform robustly at per-lane PAM4
symbol rates up to 56GBd and beyond. One illustrative cable embodiment includes
conductor pairs connected between a first connector and a second connector. The
first and second connectors are each adapted to fit into an Ethernet port of a
corresponding host device to receive from that host device an electrical input signal
conveying an inbound data stream to the cable, and to provide to that host device
an electrical output signal conveying an outbound data stream from the cable. The
first and second connectors each include a respective transceiver that performs
clock and data recovery on the electrical input signal to extract and re-modulate
the inbound data stream for transit via the conductor pairs as a respective electrical

transit signal conveying a transit data stream.
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IEEE P802.3cd™/D1.2

Draft Standard for Ethernet
Amendment;

Media Access Control Parameters for
50 Gb/s and Physical Layers and
Management Parameters for 50 Gb/s,
100 Gb/s, and 200 Gb/s Operation

Prepared by the
LAN/MAN Standards Commities

of the
{EEE Compider Society

This dralt §s an- aoeendment of  TEEE Std 802.3-2013 a5 amended by IEEE Sul RO23bw-2 %
FEEE Sul 203 3bw-2016,  IEEE S1d 302 3bq-2016,  TERE S1d 802.3bp-2010,  TEEE Sid 802.30be-2016,
IERE Std B2 302016, TEER Sud 802, 302-2016, and foany othensd. This amensdinent defines IEER 8023
Media Access Conwrel (MACY parameters, Phvsical Laver specifications, snd pwnagement purameters fov
the gansfor of TEEE 8023 formas framics #1050 Gbiy, 100 Gy, and 200 Gbs, Draft DEZ Iy prepared fiw
Task Force reviow. This -dmﬁ expires & months afler the dute of publivation or when the next vemsion is
published, whichever cpnies finst:

Copyright £ 2017 by The Institate of Elcotricat and Electrenivy Englasers, Inc.
Thvee Park Averse
New York, Now York 10016-53997 18A

Allvights reserved

This dosument is a0 anapproved deafl of o proposed TEEE Standard. Ag seoh, (hix document is saldiect io
change. USE AT YOUR OWN RISKHEEE copyright stutetnonts SHALL NUT BE REMOVED frons diafy
or approvad IEEE standards, or medified o any way, Bocause this is au snapposved deafi. this docomest
must ot be witlized for wy conformmnca/comphiance purposes. Permission is heveby goanted for officsrs

from each IBEE Standards Wiaking Group or Comruives to sepradune the drafl doctment developed by that

Working Group for purposes of standardizstion covsidersifon by ISGAEC. (BEE l‘sidl‘ld»ﬁd‘i E}aparmwm
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st first be oblained from the IBEE Standards Deparmment (ke dp &
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whole o in part, mustalso objain permission from the IEEER Standards Depariment.
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Abstract: This amendment to [EEE 8id 802.3-2015 adds Clause 131 through Clause 140 gand
Annex 1354 thwough Annex 136C. This amendment inchudes [EEE 8023 Media Ancess Control
{MAC) parameters, Physical Laver specifications, and mansgement parameters for the ransfer of
{EEE 8023 format frames at 50 Gls, 100 Gbfs, and 200 Gbfs.

Keywords: SCGAUT, SNGAULZ, SOGBASE-CR, SO0GRASE-KR, BOGBASE-FR, SUGBASEALR,
S0GBASESSR, 50 Gigabit Ethernet, S50GMY, 100GAUNZ, 100GAUL4, 100GBASE-CR2,
HOGBASE-KRE, 100GBASE-SRZ, 1U0GBASE-DR, 100 Gigabit Ethemet, 200CGBASE-CR4,
200GRASE-KRY, 200GBASE-SRY; 200 Gigabit Ethernet, Enerqy Efficient Etharnet (EEE), Effier
net, forward error correction (FEC), IEEE 802.3™ IEEE Sid BU2.3ed™, LAULZ, MMF, SMF.
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E’ditar"s Nole {fo be removed privr fo publication):

Thin front matier is provided Tor comment anly, Front maller is not pail of @ publishad slandard and is
therefore, not part of the draft standard. You are invifed 10 review and cornrent on it as It will be inchided
i e puldlished standard after approval.

Une sxcaption to IEEE sivie hat is consclously used o simplify the balloting process is the numbering of
i front matter. Insterd of the front matter being lower vase Roman nuimeral page numbers, with the draft
restarting at 1 with Arable page numbers, baliofed front matter and draft are numberad consecutively with

Srabic pags rusnbers.

important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are mude available for use subjeot to imporiant notices and legal disclainiers. These notices
and disclatmers, of ¢ reforence to s page. appear i ol standends and gy be fowd vodsy e beading
“haporant Notice™ or Umportag Netices and Dischiimers Concerning IREE Siandards Documenis.™

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

IEEE Smndards docainsnts (stndards, rocommended practives, and guddes), botl fulluse and trial-ose, ars
developed. within. IREE Socioties and the Standards Coordinating Committess of the TEER Standards
Agsociation CIEREE-SA™) Standards Board. IBEE (“dwe Instiuie™y develops it siandards through 4
consensus developmend process, approved by the Americsn National Standurds Tastiinte (CANSI), which
Drings together volinteors reproncnting varied viewjioine and imercsts 10 achiove the fimdd product
Vohmisers are not necessantly wiembers of the Instliste and participale withou! compeantsation frowy TEEE.

process, IREE does not independently evaluate, {est, of verlfy tie scomuey of any of the nformwiion orthe
soumcdngss of any jodpments containpd i iy standards,

IEEE doog ot watratd or reprosent e dsctrdey o contont of the raaterial contained i ity standands, and
exprasshy disclatns ol warantics foxpress, fmplisd and. sfultony) not fuglsded in tds or any other
decpnterd refating to fhe standand, inchading, but nod Hiited to, the warraisies of) merchangability; fitess
for a partionfar purpose nan-inivingement, and qualite, accuracy, ehipctiveness, carrency, or complotetioss
of materigl. Inadditien, 1EEE disclaime any and all conditons rolating ue resully; and workmantioe affor,
TREE stndinds documents are supplicd “AS I8™ aad "WITH ALL FAULTS

Use of an IREE standard is wholly volumtary. The existence of an {EEE sundird does not imply: that there
Jre 8o sthier ways o produce, N, measure, parchase, nurket, oy provide stleer poads aid sevvices redated fo
the scope of the JEEE standard. Purthernsore, the viewpoint exprossed af the time g standard ¥s approved sad
tssyed 1% subject by change brought abo theougl developmcnts o the state of the mt and comineniz
received from vsers of the standard.

T publishing and making s standands avatlable, IBEE i8 not suggesting of rendsring professional or other
servicey for, ar onbehalf of, avy persen or endity nor i IEEE tuderiaking to-gerform any duty owed by auy
other person or entity o motlier. Any person withving by IREE Standards docurneny, shounld rely upon s
or her own. indepondent judgmnent i the exerchye of reasonable care by any given ciroimsiances of, 28
appropsie, scek die advice of ¥ compelent professional in deternining the dppropriatencss of a ghven IEEE
standard.

m

NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDMRECT, INCIDENTAL, SPECIAL,
SMPLARY, OR CONSEG TIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF BUBSTITUTE GOQDS OR SERVICES; LOSS OF USE, DATA, OR PROFITS/OR

Copyright © 3017 IEEE. All rights reserver.
This i an unapproved IEEE Standards drafl, subjecd o shange.
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BUSINESS INTERRUPTIONY HOWEVER CAUSED ANE OGN ANY THEORY OF L} KBIMT‘{“
WHETHER IN f‘U\TRi\C}‘ \TRK T LIABILITY, OR TORT xi‘\{‘LUi}i\Iﬁs NEGLIGEN
OTHERWISE} Al WGOINANY C QU OF ' ¢ - \
UPON ANY 31 \DARB EVEN ¥ ADVISED OF THE P()S%iliili!”& OF SU{H QA\H(}.Y_ MXD
REGARDUESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE

Transiations

The IEEE consensus developuient process tvafves the review of docaments in Fogfish ondy In the event
tutan TEEE standurd s teanslaged, only the English vorsion poldished by IEEE should be considered the
spproved TEEE standurd.

Official statements

A stafenent, writien or oral, tal 15 pot procossed o socordsnce with the TEER-SA. Standards. Board
Operations Mannad shall wot be-considered or inforred w be e official position of IEEE orany of #s
somiiices and shall not be considered o be, o be relied wpon as, 8 founal position of IEEE. At lschues,
svposha, senings, o sducational vousses; an fadividuad preseming information on IEEE glandands shall
wiake # cleay that s or fier views shopld be considered the personal views i thar individosd rather then the
foringd position of 1REE,

Comments on standards

Comments for revision of IEEE Standards documents wre weleome fron any intevested praty, regardisss of
memnbership affiliation with IEEE. However, IBEE doss not provide consulting iforntion of advice
pretaining fo JEBE Standards docunients. Suggestions f changes fo documents should be dn the form of g
proposed change of text, together with appropridie supporting comments. Since IEEE standards reprosent a
pansenses of concarned inferests, s huportant that apy rSSpORSCR 1o comments and guostions alsp recvive
fhe concarrence of 8 balance of interesis. For iy reason, IEEE and the mombers of fis societios and
Standerds Coordinating Commitices are not sble to provide s listand 7esponse 1o conUROMSs or guestions
except it those cases where theatiatfer has previpusty bevn addvessed. For the same reason, TEEE dogs net
rospond to interprotation requests. Any person who woaild Bike o participate dn revigions o an IEEE
standard is welcome (o jomn the velevant IEEE working grogg.

Cominents on standards should be subitiod to the following address:

Seeretary, IEEE-SA Standards Bogd
445 Hoes Lang
Phscataway, NI OSHSL USA

Laws and regulations

Esers of IREE Standards documenis shondd consult all applicable Taws and regulstions. Complisnos with the
provisions of any IEEE Standards docwment does not iviply eomplisnce 1o any applicable regubstany
reguirenients. hnplementers of the stindard are responsibile for sbserving or refbring o the spplivable
reguliisny reguirernents. IEEE dogs not, by the publication of iis standards, intend fo urge action. that is not
i compliancewith applicable lows, and these decoments fuae notbe construed as deing 3o,

Copyright & 2017 [EBE. Al riphts reserved.
This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.
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Copyrights

IEEE draft and approved staudaeds ate capyrighted by IREE wndoy U8, and internationad copyright faws.
They sreshade svailable by TEEE and are adopied for s wide vardety of both puldic and private wses. These
include both use: by reference, in faws and repulations, and use in private self-regulation, standardization
and the promotion of enginecting practices and methods. By making these documents ayailable for use and
adoption by public suthorites and private tsers, TEEE doey o winive day ights i copprigla. G e
dovmens,

Phntocopies

Subjeot to payvient of the appropriate el IBEE il goant wers o Hmbted, non-exchesive Hostse o
photocepy partions of wy individual standard for company o orpantadional intomal use or-individaal, non-
commercial ass only. To arrange for paymens of Heeniging fees, please comtact Copyright Clearance Coter,
Customer Savvice, 223 Rosewood Drive, Danvers, MA 81923 USA; +1 @78 750 8400, Porpdssion o
photecapy portions s any individual standard for cducational clissronm wse can also be ebiained through
the Copyrighl Clearance Center,

Lpdating of IEEE Standards documents

Pisors of IREE Standards doctments showld be aware that these documonts may b superseded at any tme
by the issuancs of tow editions or faay be amonded frem time to time throngh the lssuance of smendmens,
corrigends, or soata. An official IEEE document st any poing i e consizia of fhe current ediion of the
docoment together with any amendments, cortigends, o serats then dn effect.

Every [BEE standard is subjepted o rovicw at foast ovary tore years. Wheit g docunien I mose iy fon yoars
oid gnd has pot sndergone g rovision process, i 13 reasonable o conclude that #s contents, although si;ii of
suatie valtue, dp not wholly refl
they fave the Tetest edition of oy TEEE standard.

fir order w0 defertine whether ¢ given document ds e curvent edition and wiietheor it has been smended
fhrough, the dssuance of mcmimmt\ corrigenchs, Cor omta, ikt the IE
complone ioasoraiaolidindida fan or contaet TEEE at e xwl‘ ss lisfed proviewsly. Por sore
infernmation about the IEEE 84 or IERE's stundands dovclopment progess, visit the IBEE-SA Website af
hapdeshndnduissi oy

Errata

Ervata, if any, G all 1EEE standards van bo acocssed on thy [EEE-SA Websity @t the following URL:
st ot ndseishonatndindes tinl. Users e encouraged 10 chiesk fis URL for emuts

Fatents

Atteniton is calied o the possibility that foiplomnentation of this standird may reguive use of subject maticr

sovered by patent rizdie. By publication of this standard, no posttion is suken by the IEEE with respect o the
existence or validity of any pitent rights i comcction therewith, 18 patent Bolder o puient applicant bas
{“k( Y xia!»mm{ of a\smancn vig an At,u.pui Lmu of Agstrance {ihms the Sia'i@i’h{'ﬁ{' iy “Sseﬁ on tﬁf

Copyright © 3017 IEEE. All rights reserver.
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sompensation o imder roasonalsis rates, witdvreasonabls tsrms and condivions thatare dumongirably frepof
any il diserinination o apphoanis desiving (o oblxin such Heenaes,

Essentisl Paent Claiis misy exist for which & Letier of Assurance Tas ol been received. The TEEE s not
responsible for idendifying Essontial Palcat Clatms for which 3 liconse may he reguired, For conducting
nguides o the feeal validity or scops of Patends Claims, or detemdining whether any Heensing 1évs oy
consliticns provided in connection with subimission of & Latter of Agsurance, if oy, or in any Heonsing
agreemeonts are ressondble or now-discrinvnatory. Users of this stondard st exprossly advised thit
deternination of the valldity of any patent rizhis, and the sk of ulringoroont of such righis, is sotively thelr
own responsibility. Further information wsy be obtsined from the IBEE Siandurds Association.
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Participants

The lellowing individialy were wificers and members of the IEEE 802 3 working group #t the bogining of
the PEOZ Jod working group ballot. Individuals may have not voled, voted for approval, disapproval
or abstained on s standard.

2.3 Forking Gronp Chair
Werking Lroup Fice-Uhair

Mark Nowell, JEEE FRO2 3ed Tavk Forp
Muit Brows, JEEE P Jed ¥ Fors
Arther Mands, /1 (3 f
Cary Nicholl, ¢

Copyright © 3017 IEEE. All rights reserver.
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The following members of the individual balloting cominitice vored on thiz standard. Bailoters tuay have
voted for approvad, disapproval, or shstention,
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When the IBEE-SA Standardy Board approved - thiz shndard oin XX Momth 201X, i had the following i
mernbership: 2
FirstName SeoamdNamg, Chair 3
FirstName SecondName, Five Chatr 4
FirstName SerondName, Fosi Chair §
Kounstantinos Karachalion Seoresoy &
fo he supplied at publication] 7
“Meraber Emanitus ;}
it
Also inclnded are the following novveiing IEEE-SA Standards Bogrd Hatsong: ;q
{to be supphcd af publicstion] 13
4
i3
if
17

FEEE Stwadasds Progren Mowgen Tachafood Frogron Developmes i
i 3§
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introduction

This introduciion B ot pact of IEEE Std 362.30d-20xx, IEEE Draft Shandard for Ethernet. Amendnent
Medin Access Conteel Parsmeters for 35 Gls and Physdoal Layers snd Massgement Parameters for 83 Gy,
180 Ghis, and 208 Ghvs Opevation.

TERE Sd 802, 3% wis first publishied it 1983, Since the iuitial poblication, many projects bave added fane-
Honality o provided mainichgnce updates o the specificativns and fexd fnctnded in: the standand. Each
TEEE 802.3 project’amendnent fodentified with a suffix {o.g., JEER Si1d 802.3ba2010%

The hall duplex Medin Access Control IMAC Hprotonal spevtiied i IEEE Std 80231985 15 Camrier Sense
Mulriple Access with Collision Detection (OSMACD). This MAC protocol was key 1o the experimental
Etherngt developed a1 Kerox Pale Al Rescareh Conter, whitch had g 254 Mbd data vate, - Bdemet «
H MBS was jolntly reloused as o publie specification by Digital Equdpment Covpontion (DEC), el and
Kerox i 198¢. Ethernet ot 10 M was approved as wo IEER standied by the IEEE Standards Board 1o 1983
and subsernently published fn 1983 a5 JEEE Sid 80231988, Since 1385, new niedia aptions, new speads of
operatiog, wnd new capabilities haes been added w TEEER S8 802.3, A fall duplex MACT protovol was added
1997

Samme of the v additions i IEEE Rid 302.3 wre tdeatificd in the soarketplace with. their project suntber,
This §s ot comuon For profects adding bigher speads of opertion or new protocels. Forexple, TRER
Sid §02_300™ agdded 100 MBS aperation {also called Past Ethernet), ITREE Std 862 37 added 1000 Mbds oper-
atioh (also oafled CGigabit Brhervety, JEEE Std 203500 added 10 Gy operation {also called 10 Gigaby
Ethernet), IEEE Sid 502 3al™ specified sccssy network Ethsrmot (iso oudled Ethernet i the First Mile) and
IEEE Std 802.3ba added 40 Gbfs operation {also cadfed 40 Gigabit Etheraet) and 100 Gh% operation {also
otled 100 Gigabdt Frhernetd. These nutier additfons sre all now included in sod are superseded by IBEE Rid
RU2.3-301 8 and ave not maintaived as separate dodumsnts,

Arfhe date of IEEE Sid 302 30d-20xx publicafion, TREE Std 8023 is composed of the foflowing docaments:
TEEE Sid 303 32018

Seotion (ne—Tuchades Clayse T ivoeeh Clanse 20 and Amvex A Girough Annex H and Annex 44
Section One includes the specifications for 10 Mbv's operation and the MAC, frame formats and service
mnterfaces wsed for «lf speeds of operation,

Section Two—-fuctudes Clivse 21 trough Clause 33 and Ansiex 224 flwough Anuex 33E. Section
Tweincludes matagemoat altributes for swliiple protocols and spoed of eperation as well a5 spectfica-
tions for praviding power over twisted pair cabhng for multple operational speeds. Tt 3iso dncludes
general information on 10 Mbie aperation as well as most of the 100 Mbis Physical Luper specifics-
Hons,

Section Thive—Jnclodes Clanse 34 theongh Clanse 43 and Anvex 364 dirough Ampex 43C, Section
Three includes gensmt inforoudion qin HAOO Mbvy operation as well o3 nrost of the 1000 MB/s Physiost
Laver specifications,

Seation Fow—Jdnclndes Clanse 44 duough Classe 5% and Anniex 444 throagh Annex 55B. Seation
Faurincludes gencral infornuifon on 10 Ghv/s operation as well as most of' the 10 Ghfs Physical Layer
speckfedtions.

Section Fiea-—frgludes Clagse 55 tdrongh Clanse 77 and Annex STA Suough Aunex T8A. Clage 56
theongl Clause 67 sod Chanse 78 through Clause 77, as well 335 associaied annexes, spectfy subscriber
aceess sud other Physipal Lavers and sablavers for opevation frof 512 kbis to 10 Qbis, and defines ser
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vices and protocol cloments tiat snable the oxchangs of IEEE Sid 8025 fornat fames hotween sia-
tions in g subsoriber access network, Chase 68 specifies w10 Ghés Physical Laver specification,
Clayse 6% thraugh Clese 74 and assoclated antenes specify Ethernet opsration over sloctvieal back-
phaes ot speeds of 1000 Mb/s wid 10-Ghss,

Section Sty—Inchides Clanse 7R throngh Clanse 93 and Anpex 834 thwough Annex 930 Clause 78
specifiey Basngy-Bffiviont Etherned. Clase 79 5 o 11 323 Chganizgtionally S ;
Tayer Discovery Protocol (LLDP)Y tvpe, h,m.m ‘mci value (!L\*} information clenents. ﬁhusc %i
throngh Clause 935 and associated annexes inchudes general information o4l Gb/s and 100 Obs oper-
ation as-well the 40 Gbd's and 100 Gbds Fhysical Layer specifications. Clanse 90 specifics Ftherney sup-
port for time synchronization protovels:

IEBE Std 802.3bw ™01 8

Amendment bThis amendusem inclodes changes fo IEEE Std B023-2015 and adds Tlauge 96, Thix
amendnent adds 100 Mb's Phvsical Layver (PHY) specifications and nmnggewment paramaeters for oper
ation s & singde badanced twistod-paly copper calss,

FEEE Bid 802 3byt™M2016

Asmnendment 2--This amendinent mcledes changes o IBEE Sid 80232015 and adds Tlase 108
theotgh  Cladse 112, Amnex 1094, Annex 1098, Annex TI0A, Asnex 1108, and Anvex THIC, This
amendment adds MALD prametors, Phvsical Lavers, and management pavaeters. G the trangfer of
TEER 8023 format Drames at 25 Gbis,

TERE Sid {02, 3pg 2018
Amendment 3~This amendinent includes chinges to RER

Anmex TEIAL This amcndment adds now Physicat Laysrs ke ,2
anced twistedpair stnuctored cabling syisrems.

IEEE Sid 202 3hp 2016

Amenduent 4-~Thiv amendment ncludes changes to IBEE S1d 80232018 and sdds Clause 97 and
Clause 9%, This amendiment adds polatgo-point | Gbés Physieal Layer (PHY specifications and maie
agement paramsters for opetation on 8 single batanced teistedipatr copper cable iy aomotive and
other applications nat vitlizing the strustursd wiriag phat

[EEE 5td 82 3brTH2016

Amgndierg 3--This amendmient fuochades changes oy IBEE Bid 80232015 wnd adds Clawss 29, This
amendment sdda 3 MAC Merge sublayver and 3 MACU Merge Service Inferface 1o support for Intetspers-
ing Bxpross Traffic over a singhke Hak

IEEE Sul a2 3bi™.Iile

fo Swnmcn i Aﬁd or asvmmuria z}px,mmn m ug} Y m Lm’x on point-to-muliipoint Radio Freguency
{RF} distribation plaids comprising either smplified - passive coaxial nretia. I alse exiends the opers-
tion of Eihermned Pugsive Optical Networks (EPON} protocols, such a3 Multipotnt Contrel Protocal
MPCPY and Gperation Administeation i Munagenient{OAM),
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IBEE St R02.3b27M201 0

Ameridment T This amendment intludes changes 10 TEEE St 232015 and adds Claese 123 and
Clause 126, This amendment wdds now rates of 2.3 Glys snd 3 G/ and new Plussical Tavers for oper~
alion at 2.5 Gbie and 5 Gbs pear balatioed twisted-palr stractired cabling systenss.

Sid 80T 3201

Arpchdivend $-This amondment inchades changes to IEEE 381 80232015 o define 2 methodpkgy
for the provision of power via a single twisted pair to connected Data Terming! Equipment (DTE)y wiih

%

B SOR.Y single twdsled-pair dnterfaceg

IEEE Std 8023w ™20k

Amendment 9-~This amcadaen nchades changes 1o IEEE St 8023-201F and adds Clavse 115 and
Annex 1H5A. This amendment adds polnt-io-point 1800 Mbs Phasical Layer (PHY) speaifications and
manggenent pavaisntors for operation on duplex plastic optival fiber (POF) targeting nse in autonxeive,
industrial, home-pebwork, snd offer spplications:

TEEE Sd 802 3hs? 201
This apendment inchdes changes (o IEEE Sid 802.3-2018 and adds Clause 116 througl Claase 12
and Annex 1A drough Aunex 120E. Thiy amendinont adds MAC paraweters, Phyeical Layers, and
tranagement paraweters for the transfer of IEER $02.3 Tormat frames ab 200 Ghis and 400 Ghis,

TREE Si1d 802, 3 others PR30y
This smendment inclodes. .

TEEE Sid 802, 3cd™ 20y
This smendment mcludes changes 1o TREE Sid 8823201 S 3md adds Clanse 131 through Clanse 140
anid Amexn 1354 dwotigh Awmiex 1360, This mnenidracnt adde MALC parameters. Phvsical Layers, and

management parameters for the trunsfer of IEEE 8023 fornwd frames al 30 Gbis, 100 Gbfs, and
200 Gbs,

A comprodion docnment FEER Sul 342,31 describey Bthernet ssmnsgenent information base (MIB} modules
for use with-the Siaiple Nevwork Munsgement Frojoco! (SMNMP) IEEE 5i1d 80231 s opdated o add man-
agement capabitity for enbanccstersts o IEEE Std 8023 after spproval of the snhiancoments.

IEEE 5id 802.3 will sontinue to ovolve, Mew Bthernst capabilitivs are antivipaisd & by added within e
exi few years os amendiends o fhis standard.
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1.5 AbbrevistionS . e.e

4.4 Bpocte DOpIomICHIEHIIS oo i donson e os s s et bas e soss b et n e onre s einnntn et s riiseins 4O
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360.5.1.1.15 aFECAbiliy
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30,6 Mavapennnt For Hok Ao NCEOHREDN ..t sssss s sy orsaosnsrsranes. S8
360 Auie-Negoitation prrmiged OBect SIEF i et i s sions A
3.6 Anto-Negotstion B SN RRT: *
306,113 Mtsm\ieﬂ}‘ nmi“{‘cdmoiogg Ahmw OO DTSV RO =

45, Managemont Dat InprtdChipid OO IDIOrTRO0 oot irssssemsevesesbossnsess omsmssesieesost sess e onsonie B3

e 48
. A48
46

45 2 MDIO Inteeface Registers...
4321 PMAPMD ragni&ra
432 1.1 PMAPMD commi 1 ngmcr {Repister 1.9
152113 Speed seleation (LA, ] i .l},S.
43212 PMALMD status 1 register (Register 1. ..
43212 3 Pagle th Ty : R
38214 PMAPMID spred thim‘ iRQ"!Sf"% i 4) O O TR
4521460 506G capable (143 N NTROU SRR USROS
43, 2 i e) Z‘\Mc"i“\ﬁ}mmmi mmsm (Rm;\uri £ U O U LT eI VU R UTCURILUE -
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45

43,
43

45

43,

2.1.14b] 306 PMAEMD oxdended abiliyy (R%me; ‘{))

2,17 PMA/RMD stains 2 register (Rggixz.,r RSN SO SO SNUSNPPRTOFIOTIORS.

432074 Tranamidt Dl (LRI 1) BT SOOI & |
452,175 Recoltve fantt (LRH .
I LR EMD pansod disable register (Reﬂ;%ias E 9‘1

5

S
(RS S 2 B

4 s 1 14bl.d 306G PMA repote | mptxmk abllity (130,18 ..
1 B2 30GBASE-LR abiligy £ 1.20.4)

i 14513 SOGBASE-FR ability £1.20 ‘«“;
3, l»ibi 4 SE)GB AXSE%R msim { i 7’:)

,{ K.I.\ ab}_ uy(}2;}.0},..,.......,.‘,.w
xiended ability 2 (Register } f‘-i:"i}
i.s oxte ndc& akiliglos {1,250 ..,
m R‘a FEC cottirel reptater (Regigter T ”(30}
0 s Pour-lane PMD {12003 .
}"‘ BS-PEC stutue register (Register 1 2@1)
11021 POS align status (120118,
T2 2 RSFEC alig st sitise {L20L EJA
ASZ RIS FEC AMileek 1 L3I L,
3201028 FEC AM tock 91 201 .8 .. P S S N
$.2.1.102, 60 FEC optional sfaies aum*ertﬁkﬁii ‘(} -"’} O T |+
BIF orvor counter fane O (Register 1.2 ?1 “
4163 50GAUL-n, 100GALE2, 205GAU, and 0G AL chip-to np ir .msmxmr
squulization, receive divgction, lane U register (Begister L300} v
45.2,1.116d.1 Reguest flag (150015} .
45.." 111642 Post-cursor reguest (1 ﬁﬁl?.l-‘i‘.l.-.‘s
320 116d.3 Prescursor request {E3E1100)

iuv-ll-)r-\——

R
452,

45
f

e L
B 1

o e o}

.L’,:.

S A Ay U

4* 2111944 Post-cursor remade setting (1. ’\{?ii @& 8
453.2.1.1 16dS Pre-casor shimote setting (154065 .59
48.2.1.1164.6 Post-corsor tocal setiing (1300420 . . 54
4821 i}(ui 7 Proscarsor focal sotifog (150010, .S
L e 3DGAU 100GALT-Z, 200GAL R, and éf)ﬂi;@x{, 1 uMa«thp mmmxmr

couaiiation rescive diroction, Yae 1 through fane 15 rogisters (Registens
1301 dwough LS.
2 4G S0GAUR, H){a(}&Ui—.. “QQGA\‘L m and 4*3{)(1,’&{,?1; cinp—wcmp n‘.msmmu
sopstl zation, fransmit direction, fare O register (Regiater L3101 i iinnns 39
452,01 16 L Reguest flag (18 10,15) . - - :
43.2.1.1 1612 Postawrsor request (1.3 16140
A5 2.1 13603 Pre-curser reguedt {13161 11308, . .
4532111604 Post-cursor renitole seting (L6 D7) o iimeiinnsnssosmnssnscosnsessnsces 04

45, 2.1 1605 Pro-vursor romaie setling { LS00 i v vt srivisssss csssesannt riorns 04
45,21 V166 Post-uasar local seiting (1816420 ORI SICOIUPRETNE
A5 2 LET6ET Pre-carsor kocal setting {1.516.1:8) .61

SAdieg ’iu(:ALivn TOOGAUT, 200GAU ., ,md 4@0(:%1,*1—:3 mm tzw:h;p mmnmwr

eguatization, ransial direciion, fane 1 shrouph lane 15 ropisters (Regloty

131 dhwough 1,331 RGNS NN ORUNNSNUCE |
241 6k PMA precoder Lmlt?&)i dmm X (mew L. fmﬁ}
45 ”. L1Wh. 1 PMA& precoder down Tx enable lane 3 (1,600,
45,211 1602 PMA procoder dow Txenable fane 2:(1.600.2)
432111603 PMA precoder down Tx enable hane 1 (L6001
452, 111604 PMA prevoder down Tx enable laee 0 (LA000 e
21116 PMA precoder controb down Ry (REZISIEr LRI i i bt snesssis et i sivnrssd
45,23 1160 E PMA procoder down Bx cnable e 3 (LA 1 it imorrii - 03
452111612 PMA preceder down Bx enable fune 2{LE0L2Y i 83
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45,21 11683 PMA procoder down Bx eoable e F{LOBT T v 03
45. 7.1, 1i61.4 PMA preceder down Bx enable e 0 (L {‘;»Gi.j}} SRRSO SNOREE (L.
$3 211161 PMA precoder controd up T {Repdster 1,602} SR U TR -
452011501 PMA precoderup T onable lane 1 {1 6@* h U SN - |
45,21, 11652 PMA procoder i Ty cuable lane 0 ¢ L ﬁ{)”’.(ﬁ} O %
482,116k PMA preceder condrol up Bx (Begiater LoU3 ... o 0
A5 2 LTk PMA precoder up Ry enable lape 11 605, i}_ . G
4320 116R.2 PMA precoder ap Bx ensble fane O (O3 s, 084
43211181 PMA precodor sequest status {RegIR LMY j i it oo 9%
432 1116, 1 BMA precoder request statas bane 1(1 rm ) 65
452 L1 16LE PMA precoder reguest status ne 8 GLAL0Y. o vt s, 83
43211 6 PMA precoder rosuest down (Begister La03G.. HE
45, 2.1, 1 16m. 1 PMA precoder request dowrtdane T (1. mh h Givessereaitsding i BF
4521 1 i6m 2 PMA prevoder request down lane 0 {L.603.03 I
$5.2 0 H e PMA procoder roquestap (Register 1.6060) ST - v
432011601 PMA precoder request up ane 11 M}(» LB
45.2.1.1160.2 PMA precoder request up lae 0 {1606, s‘s) SRR i1
$8.2.1.118a BASE-RE PAMY PMD tratning L control rca;stgru i«me.s O through 3

4%,

{Register LEI20 theauglt LHIZ3Y i it s ot st s s drons - G0
43.2.1.1192 BASE-R PAMd PMD tratuing LP stams registers, fanes 0 through 3
(Ri;g;\tu 1230 fh;m*ﬁfh 233 e
48,21 1200 BASE-R PAMY PMD nutning LD mmmi mmste}ﬁ Lmex G thrm;ﬂ%i 3
{Register L1320 dwough L1323, JUTSOPTRPRDPROPTS ot .1
43311212 BASE-R PAM4 PMD raining LD status regsatezfs muu P ﬂxmua,% 3
(Register 1L 1420 through 11423
3134 PRBX patiemn {esting conirol (R
PC & ropistersy,

45.3_‘ PR mmm} § reu;stcrmemm \{?} st s mn e S s e man e nam et esiesanras O}
45.2.3,2 PUS status | register {Regisier 3,1 Ej!

482 3.2.7 PCS receive Hok status (3.1 T
48334 PC‘? speed abitity (Register 3.4) i3
43234385 %m} ms;mhict’% 4.5y, R OISR o

2 roptster (Register ’% ) 2

43, . «‘Lﬁm  register (Register 3.8)
45.2.3.7 3ab SOGBASE-R capabk (38.8)...,

43,339 BEE control and capability | (Regisier ? % “v'm .
43.2.3.9.5 SDGBASE-R EEE st wake supported (3. -B.M}
4‘%,“’ 3 I3 BASE-R and MuliGBASE-T PCS status | register (Register 3.32 33
4523131 BASE-R and MuliGRASE-T revaive Hde s (2321 vt 3
452313 4 BASE-R and MaltGBASE-T POS lugh BER 3.32.1).. IR |
4523 13.5 BASE-R aind MultiGBASE-T PCS block Tack (3.32 (}} FETUROS TS - |
48.2.3.14 BARE-R and MigtiGBASE-T PCS stwins 2 registor {Regisier 3.33} SURTENUNCIIPBRUI .
4525 14, T Latched blogk tock (A3319) L 73
4523147 Latched high BER (3,33, M) ..... T4
4523 143 BER(IL I8} 78
45.7.3.14.4 Frroved biocks {3 33.7:0) oo RO P SEUU U U PUUITOTEUS: 1.
452317 BASE-R PCS fest-pattern mmmi reglstes (i\ gzster 347 75
A7 Auto-Nogotntion 1ogisters. . i 7%
4582712 Backplase Ederngt, BAHE R c&}ppes a{di 18 (R: ossiu 7. 48Y., 76
48.2.7.12.2 Negottated Fort T\apc{ A5, T4R2, T483 T4 ;
"’48 {U”A'w 1, 74842, “’JSE "‘J&}«l TARILS, ”490 ~1Q§
4527128 B\ukgizm Ezin.mcz BASE«R mwcx \mms R@gisw ”»‘M &
43271201 Nozotaled POrUTIPR i cnomis s o sesesssesseisesiesn s sz sizserss | 20
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IASEA Owerview.., BT S N U NN IS UL ISR RUNENE NP NSNS, &
E.1.1Bit ervor Iatm S B = )
VISE 2 S0G3 CadMoand nt){)i;AU{wi 4 compliance poitt JefnHOnE ..o e 396
PISES SOGAUS C2M ard HODGAULE U206 plocdrinal charaotoriBUES v oo ociin . 538

13SE.3.1 S0GAURX O2M and 1OUGA LS C3M bost oniput charaeteristes v, 346
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}-ﬁE 3.2 30GAULRZ C2M and I00GALT-S C2M modide outpit characteristios
T2 20 and TOUGA U C2M bost loput chanscteniatics .
i 4 300GA Fangd TEROALTA C2M niestale dnpad d%ataCRiiaﬁCb
’SL 4 *\ﬂ&AI !~ {,‘.M azxd HOOGGATUL-4 C2M meanwement methodology ...
SE.§ Protosol inplenterdation confinnuince statoraent {RICS) profinma fm’ z‘mm % AS3E, Chip-
to~modile 30 Gbis 2-lane Atlnchmend Unlt Interfies (30GAUL2 C2M)y and | Bt} Gbis 4
ane Attachoer Tt Interfiog (JO0GAUTS C2M Yt i s i st ionsiinin. 34

13
i3

PSS IR B 17 110 ¢ o T U O T S RPTUICTNOTR P, . ¥4
I38ES2 f(immtmﬁ‘on cinsies OO U SRR S ST SN, 1 o
P3SE 5.2 !mpicmetmmmx adumhc mfm .37
E’Bfi}:.,, ‘.“. ?somoi SERNRAL \ . 347

GOOGAURS C2MY e
135E84.1 Host owipat .,
4.2 Module vatput .
3 Hostmput ...
FISE.S.9.4 MOl BIDUE .o siieirssisssmr vy it oasiisstssbeurs iy oot fresonbe g fos e dnnsosi v resiinsonivs | S00
Annex 135F (normative) Chip-to-chip 50 Gly's I-lane Attacluves Umt Interface (ROOAU C20) and
190 Gbfs 2-Tane Agschment Unit Imumw OGAUER G0

t"‘<¥~ 230G \L=I 1 C?t“. ;md mﬁ(} -2 020 conplignoe point SefMHON . .ol i
SHGAULL T and HOGAUL- > glectrical characteristics
P3SFAA 3eGAURT C20 and I00GALT2 Q3 irausmiticr characteristios
38K 2.2 56GA U O2C and 108GA L2 20 fecefver chimucioniaiics ..
P33R 321 Transmitier procoder reguest {dpionad} v
FASF.A4 SOGAUT > and H00GAURZ €20 chaanel Jmmmamtm
135R.5 Brotoco! inplomentation sondorntares statomsat (PHCS) profap for Amﬁu {
fo-chip 30 Ghis 1-lane Atschment Undy Interfies (S0GAUT-T C20) and 100 (b4

F.Chip-

Astachoent Unlt Inieelbee {ID0GAUL2 S22y s 354
I138F.5 1 Intvoduction .. 384

13SF52 Idemnﬁmuon
B%F 321 }mp}ﬂmmmim} zfiwm;mimn rii sS4 5 s S et e i ns pbimnsindns SR
22 PrOTOCOL SUTITIATY v io s cimses o s os s seti s s frnsiiabs s e o g o s s Sarh
h‘?F 5.3 Major cupabilitiosd ap{wm s FRORNCNERS: & o
L3SF. ’§ 4 PICS proforma tables for O u;} mwcﬁug WQ Gb & 2 hm A twchmmt L mi ﬁi e} face
CSOGAULT C20) and 100 Gb's 2-ane Attachment Unig bdterface (100GAULZC20) 3588
&)

F33F 8401 Transmatier.., OO O OO SO O PSR OO UORE AUV SRR x 3
F33F 842 Rwe;.wr.,w..,.\.,, 3356
FISF. 383 Chand i W 356

Annex 133G (acrnatbve) Thip-teenrodule 30 Gbig Flane Attachment Ut Interface (S0GALLT C2M}
:md OO Glyfa 2-dane Atschment Undp Interfioe (JOOGALH-2 C3M L.

i3 1~ mew\ et R e e S8 e S S w2 SRS A S A K e S P ek s

135'{3,2 SG{}A{}H (”"M and tm(sALiﬂ( ,; compliancs point defHons i 339
59
3

135G SHGAUTFT C2M aud 10DGAUT-2 C2M cloctrival chavacteristios
1353G.3.1 50GA U § and I00CATTE-2 COM host oulputt chardoter
135G.5.2 SOGAULTC2M and 108GATLR? C2M module output Charsctotiglics i, 35
35G35 SOGALI-OIM and 100GAUR T2 Tost input charaCietslies s van: 339
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. 359

38634 SBGAURE C2M and 108GATE-2 C2M module toput characiedistios. :
. 359

138G 30GAUTRT T2M and HOUGAUL2 C2M wsasurenment wethodology .
(.3 Protocol tmapl ation sonfurnsance stasermant (PICS) profena fof x 1 |
fo-modole SO Ghis ane Attachment Un#t Interface (S0GAUE-] C2Mand 10{? (ab s 2n
e Attachmen Untl Ierface (0GR MY sseieinsiiniesi st assiaisssessiassermmeiesions. 30K
I38GR T Introdduclont o o B R ST TR SR TUE IR PPN IO 1 |
PASGUS 2 Tdentification .. s e § e e e e e BT RCURCTIOU 1 2
E35GA 2.1 Toplomentalion IdOBUICEHON . L vt st annssssame s smssasms s sseseasmsisssss SO0
2 PHOTOCOT SUBINIAIN Lovvinsiivesiesiuvniorssrsmmesssarsssrsssss sonsisommssansmsssss siberssranssamers sonsneins SO
'\‘Lummp*ﬁuimmchmﬂw UROTUNONOTUPNUNURINUINCIE | ¢
ICR proforima tables for Chi w»tmmqﬁuic i{) be\ t«imc ‘m nont Dokt hserface
CSOGATUTT C2M) and 100 Gbis -bane Atachment Unit Iterface {100GALTR2 €M) 361
FRRGUR AT BONE DU et sivonsvs i s ansisius s sessisvrssdiasfonsis srbssis s sins 50 i seninssavin G ensnasresrons. SO0
F330.5.4.2 Module mnput .
F3SG.A 45 Host iput ...
TSRS 4.8 DOUEE UG v iveimserveiaseeosss sennt <orsos s wssisse s doe S8yt s s assne G658 ayne s sinnsineiis s ars SO

Annex 1364 (normutivel THO und TR {est point parumeters and chamnel charscieristics for
Si}GBA,SE-CfR_‘ HKIDGBASE-CRZ, and ZD0GBASE-CRE e vitirmmssiossin russvrsprisnaeyroes | VO3

PI6A T Dverview. ey e 363
130A.2 Tranam mcz‘c AACIERISTIcS at B O O SO E N PP S INCTCTU PP ST TIPS | .
136A3 Beostver claractoristivs st TRS : . BT CURT ORI ORI ° %

13644 Transmilter and receiver dxi‘;‘:.renm} pﬂmed ..m:mi ba\mi frace itm ANUDIOUROONIRNON. |
F36ALE CHAne] I08CTON MOS8 inni iomcrn formiritinsonsons bt e soasd s g it s snsi 3

A6
)

é £ .mm.i yelurn k‘;ss

SAGAUT-T CIM. 808 100GATTZ CIM e oo 36T

P36R.T Test fixnwes...
36K 11 Mated mt f‘mu o
P36R.1L1T Mated ot imum, difibt‘tﬁti‘&? isertion los 6T
FROR..12 Mared iogt fxtores difforential vetarn 1oss .
PANB.11 .2 Mated st fixtures common-mode conversion msemon %ma TSR .
1368.1 1.4 Mated test fixtures comumai-nnde refarn M8 o
TI6R,1.1.3 Mated rest fintires conmmon-mode 1o diffumm,ﬂ nmdu. rumm kzm converirinienes 208
PR6R. L6 Mated gt fsrares intbgrated orosstalkonobse . .
1368.2 Protooot im;}!mn.m‘mms conformance statement (PICS) w}mi&m@ for knnm Hé& Test
oy for SOGBASE-CR, 160GBASE-CR2, 200GBARE-URS, S0GAL-1 C2M, and
HHGALT2
1368.2.1 ntroguction.,
136822 Tdentiication ... ... L e £t S e s e 369
1368221 hple mmmnmx ;dmnis; ion .
P36R.2.2.2 Proioool summary ..
F36B.2.3 Major camifsaixzmopuans v
1368.2 4 PICK proforost tablgs for test ﬁxmr&s for }"wi ﬁxmm for 3OGBARE-CR,
IOGBASE-CR2, 200GRARE-CRA, S0GAUT C2M, and 100GALLI COIM . 370G

T s S T R T I R RPN NS R D SR SO S SIS SR PP PR

Aunnex. 1360 (normativey Hogt and vable aseomlddy forn. fackns for SIGBASE-CR, 10GEASE-CRZ,

55
3
v
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LG0T Host Fornt BRCIOIS i i s itito i it it s st et bt fia it bt fraefuibo it o taniioiias 3V
136021 SFP2E boat form Dactor...
F36C,2,2 OSPPIS hogt fom factor

13603 Cable assemnbly forny factors.,
FI6C 3 U SFP2Y 1o SFR2R cable assembly form factor .. ...
136U 3.2 QSFPRS 1o QSFPIS cable assembly form fhctor..
PREC L ORFRES 1 4XSEP2S cable gssenbly form Stor ...
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Draft Standard for Ethernet
3

Amendment: 4
: . §

Media Access Control Parameters for 6
50 Gb/s and Physical Layers and :
. . . i e £ {6
Management Parameters for 50 Gb/s, 1
_ ‘ _ . 12

100 Gb/s, and 200 Gb/s Operation i
15

FHPORTANT NOTICE: IKEE Stwndards docunents gre not infended to ensure sajety, health, or envis if;
sanmental protectiing, oy insure ugninst dutegfiseros with iy from other devices or networds. Drplewent- 3 .
ery of TEEE Standards documtents are rexpossible for determining and complying with ol approprivie i%
safisty, secrily, expvivonmental, fealth, wnl imterference profectiny pravtices and afl applcably lows and ii
regedations, M(
This IEEE decwment is made available for sse subject fe important notices and legal disclatmers. These ﬁ
nofices and diselainters appeny-in all publicarions cantiatning s documint and gy be found wider the ;'4
heading “Tmporiant Notive™ or “Tmportant Notices and Disclgimers G cmufmmo IEEE I}r;wmeftt‘. » :;
Fhay ciun alvo be olitgianl on reguest frope EEEE or viwed @f sy J iy
ersdunl e

NOTE-~The cditing instrustions contained in this amendment dofing how o morge the vwaterial containest
theret into the ex "tma base standard and s sunendments 1o oy the compreliensive standard,

The editing tustroctions we shown i held ftalfic. Four editing instructions are-ossd: change, delote, wsert,
and replace. Charge 15 vsvd tomake covreciions I sxisting test o tables. Thc ef;imna instrnciion spevifies
the location of the change and describes what i being changed by tsing st sh{to ranove old niate-
riad) suid underscore (to add now nuaterial). Bedere vamoves existing nmmai Imm' adds new matertad withe
out disturbing e exiating swrerial Deletions sod inserdons may require somnbering, I so, remunberitg
struciions sre given in the editing instruction, Repleee 15 used to roake clanges i figres ov equations by
removing the exdstng figurs of cquation and replacing Iwith @ avw one. Editing lnstructions, chistige mark-
inge, and this NOTE will not be carried over into iz cditions beomise the changes will be incorponited
g6 the huse standard,

cos thuet refer (o clagaes, tubles, squations, o figures not coverdd by (his mmendient are high-

A6

be*m 4 f{e\s‘z" at pud
N BSU2. 3 cond JEEE

.' mzft‘mms il ;:W;ﬂ’h FIORERE m g‘mma{r., EX

ton frrm, t J;e“ A .
el Hhe sane fexd aad mbegfs

Pa(?_’ .w;'u i e

o

b St uh
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1. Introduction

1.1 Overview

1,13 Architectural perspeciives

1.4.3.2 Compatibility interfaces

Insert the following new compatibility interfaces after "R 46 Ghes Paralld Physical Interfute (XEPPL™:

kY A0 Ghi Modie Independent Interface SHIGREE. The SOGMIT iz degipned 1o convent v 30 Gbiy
capable MAC 1o v 30 Gbis PHY. While conformance with inplemerdation of this interfyce is not
nedessary 1 etavre communication, it allows Hoxability i intermixing PHYS and DTEs a1 50 Gbis
speods. The SOGMI is a logical intorconnoction intended for use as an bxlra~ship intevfice. No
mrechargest conrentor i specified for tse with the SOGMIL The SOGMIL s oplionad,

K2y 30 G dtachment Unit Tjerface (LAUL-530GATT-nd The LAURZSHGAUR s a physical
instantiation of the PMA sorvice interfice to oxiend the connection betwesn 30 Gbis capable PMAS,
While vonfarnance with mplomestation of s Imterfacs i nol dovessary to ctisug Commmrication,
it is rewmmmmcci. sinee 1t pllows mavimum Jexibilily i intetoising PHY s and DTEs at 50 Gbfs

YGALT-R i intended: fw use as & chip-to-chip or 3 chip-to-modigle buterfave.

Twa widids of 5(&(:A.L-,i-n are defined: & two-line version (30GAUL2Y I Annex 133D and

Amsx 135E, and 3 ong-lane versicn (30GAU-TY In Annex 135F and Annex 135G, No mechanical

contiector is specified for use with the LAUL280GA U, The TAURS0GAULn s optionak

Change e companbility inferface Y} 1008 Givs Attachment Eait Tterfoce (CATE-)" as folfows:

ny *Oﬂ {;b % szf }rztmff 234 Im‘erfaae

i »vf{ Houd 00GA L, The CATTaU0GA ULy s u physicid
, i exiend the connection hetween 100 Gbis vapable
'PM% X‘; hiic f:oﬁmrmarics with meium:ﬂmtmﬂ of this uterface 5 pol pECRSSATY 10 SRSUIR Comm-
nication, it 18 recmumonded, sioce Haltows b Sedbilily 1 ideonixiog PHYs aod DTEs at
mo {}h* spmdsh ‘rize ("M;‘iwn is immdc& f!m‘ NSE 5 du;wnncmg or 3 chip-tyemodale zmenau

1.3 Normative references
Change the referencs for IRC 01733-022-2 ax follwws:

IEC 617530222, *taiz_s i
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1.4 Definitions
Trvert the following new dofisition wfter L4 “TOPGRANE-R encoiling™

14522 TWGBASE-CR2¢ IEEE 8G2.% Physical Layer speeification for 1QA.Gh using INOGBASE-R
encosding over wo fanes of shiclded halanced copper cabling. (See IEEE Sid 8033, Clanse 136

Fasers the follwing nese definition after L4348 “LORGBANE-CRIFS:

1454n 1O0GBASE-DR: IEEE §02.3 Physical Laver specification for 100 Ghis senial transmission usiiy
HIOGRASE-R encoding and d-leved palee smplituds imodulation over ang wavelength on simglommode filer,
with ol up to ot legst 500 m. (Sov IREE S1d R02.3, Clause 1443

Insert the fallowing new definitico after 1435 “HIOGBASE-KPL;

14,352 100GBASE-KR2: IEEE 8023 Physical Laver specification for 100 Gbis wsing (00GBASE-R
encoding pesr two lanes of an ¢lecivical backplane {Sec IERE Std 8623, Clause 137}

Fugverd the following sew definition after LA “IHGBASE-LRE™:

14.58a TOBGRASE-SR2: IEEE 3023 Phydval Laver specification R 100 Gl's wsing  1OGBASE-R
sncoding over two fues of wndtimode fiber. {See TEER S 802.3, Clanse 138

Fusers the following wew definitions affer 14,720 "G BASE-T™ as inserted by TEEE Kid 302, 364-20F6):

147241 SOGBASE-UR: TEEE 2023 Physical Layer specification for 50 Gbés using SOGBASE-R sncoding
pvgr one lane of shiclded balanced copper cabling. (See [BEE 8id 3023, Clanse 138)

147242 SGBASE-FR: IEEE 8073 Physical Laysr specification for 50 Ghis sarial ranemission using
SHGBASELR encoding and 4-fevel pulse anplitade modulation over one wavelongth on single-mode {ber;
with reach up teatfeast 2 lan. (Seo IBEE 5id 8023, Clause 1393

147243 30GBASE-K
over one lang of an eleciv

hysion Laver specification for 50 Gbfs using S00GBASE-R encoding
] backpi\mn { %&:{. {HEE Sid 8023, Clagse 13703
14,724 SOGBASELR: TEEE 8023 Physicsl Luyer specification for 30 Gbds sevial iransmission using
SHGBASE-R cncoding and $-tovel pulse muplitads modslation weer ong wavelongh on singleanode fibag,
with reach up o st Teast 10 k. {(See TEEE Sid 8023, Chase 1390

14,7225 SOGBASE-Ry An [EEE 802.3 phvsios! coding subltyer forone-fane 36 Gb/s operation, {(See IFEE
Sud 8023, Clauge 1313

1.4, 7226 SOGBASE-SR: IEEE 8023 Physival Layer specification for 50 Gy uxing SOGBASE-R enceding
over sultimode fiber, (See 1BRE S 802.3, Clause 1380

147247 86 Ghis Attwchroent Usit Interfgce (S0G AU, LAUL2) A physical fnstantdation of the PMA
servive mterface to extond the connection botweenir 50 Glv's capalvls PMAs over one lane D0GAUR ortwe
lanes (SOGAUN, LAUERDY, used for chip-to~chip or ciip-fo-module intercontisctions. (Soe IEEE Sud 862.3,
Clanse 135 angd Aamex T35B dwough Antiex 133G)

14,7238 50 Gh/x Medin Independent Diterface (SHGMIED: The intrface Letween the Reconciliation
Sublaver (RS} and the Phyesical Coding Sublayver (PUS) for 30 Ghias operation. (See IEEE Sid 802.3,
Clause 13)

Copyright & 2017 [EBE. Al riphts reserved.
This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.

37
Marvell Semiconductor, Inc. - Ex. 1002, Page 000096

L I S

o

-~k

(¢

it

28
3¢



Draft Smendment 10 IEEE Sid 80232018 IEEE Draft PRO2.308/01.2

{EEE P202.3cd Task Forge Bt Fabruary 2047
L7239 2D0GBASE-URA: [EEE 023 Phystcal Layor spectfication for 200 Gly's using 200GHRASE-R i
encoding over four lanes of shiclded bulinced copper cubling. (Sec TEEE 51d 8023, Clause 136} 2
3
Insert the following . new definition affer LA "200GRANE-FRIY (as inserted dp TEEE Std 4
$G2. 36520 x): &
6
14.72¢1 MHGBASE-RR4: IEEE 8023 Physieal Laver spetification Tor 200 Gbie nsing 2DGBASE-R 3
encoding over four fanes of an electricd backplane. (See TEEE S1d 8023, Clause 13T) &
@
Buvert the folfowing newe dofinitin after 1347 2¢ 200GRASE-R™ (ay fossrted by IEEE S1d 883, 353-20x: L
11
14.72¢1 200GBASE-SRY: TERE 8023 Physical Layer specification for 200 Gbis using I000BASE-R 12
suveding over four lanes of multimode fiber. (See IEEE S ‘n{)f Lms( 13 13
4
Modify L4810 4x follans: i5
16
1.4.81 180 Ghis Adtachorent Unit Iaterfaos (CAT-n 100GAT Ly A plysicat insfantiation of the PMA 17
service mterfice o extend the connection betwenn 100 G capable PMAS overn imm used for cm;ymw i8
chip or chip-to-inadule intorconneptions. ThiseFwe widths of CAULn wo dof m a ten-lang version is
(CAUL 1O}, M"Y“G im}r«i,m«s ur:.z»:m@ {C. é&‘i«»& ?E}G(JA{‘M; anda wﬂ»' PR R { 0
IERE Sid 882.: i i 21
Chase 23
o G 23
24
frsnert the following wew definitive after L4203 “fast wake™: 25
26
142032 FEC lane (FECLY: In SDGBASE-R and 1OOGBASE-R the FEC distribuies encoded date 1o mulii- 7
ple logical Junes, these logleal lanes ave called FEC lanes. Oue or more FEC lanes can bemultiplexed and o
varried o a physival Tane together &t the PMA ssnvice interfies, (See TEEE 5id 8023, Clanse 1350 29
36
Modife L4325 fas modified by TEEE Std 802 3852015} s folkowss 3
2
L4325 PCY lane (POSL)R: SIGRASER and 33
AURGRASER, the PCS dimthu uawdeﬁ dials fo mumpic }umc sl Lmaa thu\e iss,x { lanes are called PCS 34
tares, O or miwwre PCS lanes cait be rndtipheoxed and ;mmd on g *\iwsmi tavie togother at thie PMA servics »
interfice. (See IEEE S1d 8023, 3
37
e e 3%
1.5 Abbreviations 9
i . 40
Bugert the folfewing new abbreviafions inty the list, b glphanumerie srder; 41
o : 43
TOGALT 144 Obds Ariachoent Unit Torerfaes @
36 Gib/s Attachanene Unit Interface 44
50 Ghdés Media Independent Interfice 45
FEC Lang 46
&G Adtackment Unit Interface P
48
49
S0
i}
32
33
&4
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4. Media Access Control

4.4 Specific mplementations
4.4.2 MAC parameters

Chynge Table 3-2 fax awdifiad by IEEE Sf 302302016, IEEE 8id 8023k-2036 und IEEE 8
88235320 1x) as follows:

Table 4~-2-MAC parameters

AAL data onie

2.5 Ghis. S Ghyy,
Pavramcters L te syl 25 Ghle, 40 Gy,
including T Ghs SGHNIMEGhis 18 Ghix
168 Mbiy 204 Ghis, and
A Ghix

slotTine 1T hittimes 496 bit times nol applivable nat apphicable
wierPacket{ap® 96 btk 56 hifs Bt
ottt T e woiapptiesble | ot dpplicabld
tackoftlami e in at apphicable not spplicable
JamSxe 32 e AR ant applicabls not spplicable
1518 outels IS8 ostets F5I8 oclets TSR wptety
00ocels | MOWectets | 20Memes | 20000
minFramiize S12 e 3 octetsy | 312 Bits iAdactens) 812 it {64 sutetsy - | 512 hats (sd oty
breesfl ot sof apphicable H3 &30 s not apprhicalile not applicabl

- ipaStratehEatio uptapplivable e applicable Hid bits

510 infedmteeGap or iterPrameSpacing i other olagses fo.g, 1

Packeid Tup

Change Note 7 below Table 3-2 {ay modified by IEEE Std 802, 3hs-200x) ax follwws:

NOTE TFor 40 0, $0.Ghis, 100 G, 26

between fwo packets, fom the Tast b fedd of packet 1y the it of the Preambde of 8 DI
packet) van have s omindmam wadue of & BT (b Baes), s ncdstred af the XLOMIL SRGMIL_CGME, 200GMIL o
AO0UNMI revsrve sipnals 8t the DTE due o elock folerance s Taos slignment regiremments.

ved tnisrpackel pap (he spacing
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{EEE FROZ. 3cd Task Furge Beet Fabriary 2047

30. Ménagem&nt

30.3 Layer management for DTEs

36.3.2 PHY device managed ohject class

30.3.2.1 PHY device attribudes

30.3.2.1,2 aPhyType

vt the follmwing aew opury fo SAPPROPRIATE RENTAX™ wfter the eitey Jor 4OGBASE-R;
APPROPRIATE SYNTAN:

SBGRASESR Clatse 133 50 Gy mnld-PCS e 648068

30.3.2.1.3 aPhyTypelist
Insert the following now entey i “APPROPRIATE SYNTAX™ after the entry for $0GBASE-R:
APPROPRIATE SYNTAX:

SHGBASE-R Cladse 133 30 Gb's mndi-PCS lane HIBAHGR

38.3.2.1.8 aSymbolErrorBuringlamier

Change the fiurth peragrapl i the "BEHAVIOUR BEFENED AR section of 383,245 tus madified by
TEEE Std 862 38y-2016 and IEEER Sid 802.38:-201x) ax follows:

BEHAVIOUR DEFINED &S

For operation at 10 Gh/s, 25 Ghds, 90 Ghds, 30 .Ghdé, 108 Gbis, 200 Obds, and 400 Gbis, itis s
conar of the namber of Gmes the seeeiving media s non-idie {the thng betwesss the Start of Packsy
Delimiter sod the End of Packet Delimiter as defined by and for a period of ties
wquad to oF greater than minFrameSiee, and during which there was at feast one penrrsnce of @
event fhat canses the PHY w indiosts "Recetve Ervor™ on the (sep Tah Plakis 813

30.5 Laver management for medium attachment units (MAUs)

30.5.1 MAU managed object class

30.5.1.1 MAU attributes

30.5.1.1.2 aMALUType

Insert the following new eniries in “APPROPRIATE SYNTIXY section of 308 L L2 fay weadified by

JEFE Std 80230020z} with the SOG surive golag after RGBASE-FR, the 180G entvies goiug afier
TOGBASEERS and the 300G entries golng after 200GRARE-LRE:

Cagpright © 3017 IBEE. Al rights reserverd
This Is an unapproved IEEE Standards drafl, subjedd o change.
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APPROPRIATE RYNTAX

SBGBASE-R Multi-lane PCS as gpecified in Clavse 133 with PMA 28 spavified in
Chugse 13% overwndefined PMD

SOGBASECR SEIBASE-R PCS/PMA over shiclded copper balanced suble PMD g5
specificd fn Clause 136

SOGBASE-KR SOGBASE-R POSPMA sver an olectrival backpdins PMD ag
speciied in Clanse 137

SOGBASE-SR SOGBASE-R PCSPMA over multingde fiber PMD a3 spocified i
Clapse 138

SOGBASE-FR SUGBASE-R PUS/PMA wegr stisgle mode fibor PMD as specified i
Chuse 139

SUOBASE-LR SUOBASE-R PCSPMA over single mods Tiber PME s specified In
Clagse 139

JOOGBASE-URI 1O0GBASE-R PUSEMA over 2-lane shiclded copper balasiced cable
PMD asepecifiod tn Claose 1536

HIOGBASE-KRY TOUGRASE-R POS/PMA over un elecirical backplane PMD as
spestlingd in Clisse 137

TOOGBASERR2 HUDGBASE-R POSEMA over 2-lane pwltimede fber PMID a5 specified
i Clause 138

HOGRASE-DR TOUGRASE-R POR/PMA over single mode fiber PMD a5 specified in

Clawge 140

UDGBASE-CRY TOGBASE-R POS/PMA wver -lane shichied copper batanced cabdle
PMIY as specilied i Clause 136

2O0GRASE-KR4 HOGORASE-R PCEPMA over an glecirical backplaie BMD as
spectfied in Clause 137

JODGBASE-SRA HIHGBASE-R PORPAMA oy d-hany méliimode fbor PMD a8 specifind

i Clause 138

Change the last pavagraph of e “BEHAVIOUR DEFINER AS7 section of 30,5122 {as modified by
IEEE 8td 802 3by-2016 and IEEE Std 802.3bs-2015 s follows:

BEHAVIOUR DEFINER &S
The emymerations IDMIBASE-X, H000BASE-XHD, [000BASE-XFD, HOGBASE-X,

HOGRASER, TOGRASE-W, 23GEARE-R, 40GBASE-R, SJ0GRASE-R, IDOGBASEK,
FOOGBASE-R, jmd 4000GRASE-R shall coly be retirnsd i the mndertyine PMID tvpe is unknows.;

30.5.1.1.4 aMediafAvailable

Change the sixth paragraph of the "BEHAVIOUR DEFINED A8 section of 30,5.1.3.4 (as modified by
IEEE 856d 302 30q-2010 and IEEE Std RO2.3b3-201x) as follows:

BEHAVIOUR DEFINED AS:

For 400 Gbi¢, 38.Gh:
hnk Gl varigble within the Link Faud Sigosling siate diagrdos (see 813481 and ¥

as fotlows: the vidues DK and Link Interraption siay to e suamerition “available™,

Copyright & 2017 [EBE. Al riphts reserved.
This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.
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Locat Faunlt braps to the onumeration “not availablie™ and the value Remote Faull maps 1o the
cmumeration “remioe il

30.5.1.1.11 aBiPEBrrorCount

Chasge SAPPROPRIATE SYNTAXN aud frst sentenses of “BEHAVIOUR REFINER ALY of 38.3.0.0.3F
as follorws:

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of genaralived nonteseitable pounters, Bach counnter hag a taximun incretent
rate of 10 000 cowts per seeonsd for 40 Gbés and 30 Gly's tmplomcatations and 5 000 counts per
secoid for 100 Gy tiplersentations,

BEHAVIOUR DEFINED AR
For 47307 100GBASE-R PHY s and HGGBASE-P PHYS, av amvay of BIF ervor counters,

30.8.4.1.12 alansMapping

Change the flest sentonve of “"BEHAVIDUR DEFINED ANY of 385 L1052 tus modificd by IEEE Sl
RO 350-208x3 as follows:

BEHAVIOQUR DEF
For 44/30¢]
identifiors.

ED AR
I00A0DGRASEYR PHYS and JOOGBASE-P PHY s, sy wrrisy of PUS lans

30.5.1.1.15 aFECAbility

Change the five senfence of “BEHAVIQUR DEFINED 88" of 36 8.1.1.15 {ux modificd by IEEE 8td
B2, 3lp-2018) ay follows:

BEHAVIOUR DEFINED &5
A read-anly valve that adieates if the P}ﬂ SuppOrEs it FEC siblayey for fewand srror correction

"l

{see L L L, Clanse 91 aed Olinse 108 smd Clause 134,

360.58.1.147 saFECCorrectedBlocks

Change “APPROPEIATE SYNTLX™ of 30.5. 1117 {ax mwdified by IEEE Std 882.38y-2010 and IEEE
Bedd 862 35620 1x} ay follows:

APPROPRIATE SYNTAX:
ASEQUENCE of generdlized nonvesettihle counters. Edch countey has € wmaximan incremient
wte of T 208 OO counts par second for 16D Mb/s implemersintions, § D BOO county par secand
im 10 Gbds, 28 Ghis, and 40 Gbds implemendations, 10 000 000 connis per second for S0 Ghis
: niations, 2 500 (06 counts per second for 106 Gbds implementations, 36 050 800 coanls
per %ewnd for 200 Ghés Implementations, sad 30 000 000 counts per second for 400 Ghis
fnplomentations,

Change the first sestence of the “BEHAVIQUR DEFINER 48" of 3081117 (as madified by IEEE Std
BU2 382000 and TEEE Std 802.3bs-20 ) as follows:

BEHAVIOUR DEFINED AS:

Copyright © 3017 IEEE. All rights reserver.
This i an unapproved IEEE Standards drafl, subjecd o shange.
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For 1OGDBASE-RPX, IS0 10020 00GRASE-R, 10D0GBASEP, JOGRASE-PR, or BY
TGBASE-PRY PHY, an svray of corrected FEC block conuters.

30.8.1.1.18 aFECUncorrectableBlocks

Change “4PPROPRISTE SYNTAXY of 38.5.1.3.38 fas wodified by IEEE 3td 802.3bp-2016 and TEEE
Sed $02,3hs-20x3 g5 foflows:

APPBOPRIATE SYNTAX!
A REGUENCE of generalized nonresettable connters, Bach counier hasa tuorimany increment
rate ol 1 200 (08 counts persecond for 1000 Miv's implomentations, § (00 (D6 comnts per sevond
for YO (b, 23 Gb/s, and 40 Gb's amplomentations, {8 600 000 comnis per sccond for 50 Ghis
fnplercatations, 2 3E DN county per second for 100 Gb's tmplementinions, 40 DEI DU counts
per sccand for 200 Gbis implomentations, and 86 DM 800 counts per sseond for $00 Ghyis
implemeniations.

Change the et sentence of the “BEHAVIQOUR DEFINED A87 of 30.5.1.1.18 oy madificd by IEEE 34d
02 302018 and IEEE Std $02.355-201x9 s folliws:

BEHAVIOUR DEFINED AS:
For 1000BASE-PX, 10/2840/50/ 102D GAD0GRASE-R, {00GRASE-P, 10GBASE-PR, o W
POBASE-PRX PHY s wh army of wacorretable FEU block conntes.

30.8.1,1.28 aRSFECBIPEmorCouwst

Change “4PPROPRIATE SYNTAXT and first yemtovics of "BERAVIOUR DEFINED 45" of 30.5. 1138
as foltows:

ATTRIBUTE
APPROPRIATE SYNTAX:

A BEQUENTE of generaliced nonresetable connters: Hach countet hits maximun incraent e
oof & (80 counis par second for 80 Gh/s snd 100 Giv's mplomentations.

BREHAVIOUR DEFINED AKX _
For 30GBASE-R. IDCORBASE-R, ard JODGBASE-P PHYs, an array of BIP errer counters.

30.5.1.1.27 aRSFECLaneMapping
Charge the fir57 sestence of “BEHAVIOUR DEFINED AN" of 30.5.10.1.27 as follows:

BEHAVIOUR DEF
For 30G8

FIXAS:
SR IOBGRASE-R, and WOGBASE-P PHY s, tovariy of PCS fue identifiers,

Copyright & 2017 [EBE. Al riphts reserved.
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30.6 Management for link Auto-Negotiation

30.8.1 Auto-Negotiation managed object class

30.6.1.1 Auto-Negotiation ativibutes

30.6.1.1.8 aduroNegl ocal TechnologyAbility

Insere the following now eniries in CAPPROPRIATE SYNTAX” section of 36.6,1.1.5 with the S0GR entry
gofag after JOGBARE-CRA, and the TOOGRY and J00GRY snavles going after HIOGBANE-KP4 as follows:

APPROPRIATE SYNTAX:

44

SOGR

RELE

2000GR4

SOGRASE-LR a5 specified in Clause 136 or SOGBASE-KR a3
specified iy Clause 137

IOGBASE-CR2 a5 spocified in Clinse 136 or IDGGBASE-KR2 a8
specifiod in Clagse 137

200GBASELCRA g5 specified fn Ulause 136 or 200GBASE-KRY 8
specified iy Claven 1537

Copyright © 3017 IEEE. All rights reserver.
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Draft Amandmentic IBEE Sid 802320158

JEEE POTR 308 Tagk Force

45, Management Data Input/Qutput {MDIO) Interface

45.2 MDIO Interface Registers

45,21 PMA/PMD registers

EEE Dvaft PBOZ SediDY 2

Zrd Febyuary #1317

Chytge Tabls $5-3 fox modified by JEEE St R43.3b0-2086 and TEEE 8id R03.355-201x) ws follows

(renchanged roves sad shownj:

Table 45-3--PRAPMD registars

Registir adidves

Register name

Subclinse

ey Fosprved SO0 PMAINMD suisied s
‘: RNEASIN The Mi’&isﬁﬂ’kﬁ) extended ability 2 452 14451
126 Resevyed

1300 fheough 1518

2. 300G Ny, wnd
a-chip Dansoiter equaliza
fes O sheough fane 13

o,

j {316 theosgh 154

S

Feserved

PMA srecoder comivol Sown Ty

EMA precoder requestiup

Rivervesd

LA oot LA

Poserved

LU0 vl 1o

PUD Saindns LR soutroliepidins.,

Reserved

Copyright & 2017 [EBE. Al riphts reserved.
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{EEE PRO2.3cd Task Furde e Fabrary 2047
Table 45-3--PMAFMD registers {continued) i
3
s ssossssoisnssiiosessssssesoreonmmmmssemmmmssstossioss . 2
Register addres Bogister panwe Sahclanse 4
3
. ; &
i LM ek LIS Hasorved -
l L1320 theough 11233 Wi P teining LB status veg@istees 8301 &
:‘i 9
ot hreani 00 Heserved if}
LI oueh L300 i

{ | LL3 10 gt L3I0

l L1300 houeh 11333 trading LI contool wiistors,. | 482032304
bR renate-tA% Hesorved
l LI dwongh LI3S%
| 3410 throagh L1 Reserved
I 11920 eough 13423
S Hreashriae Besereed
_ P la3d thronet L1489
3G
31
45.2,1.1 PMA/PMD control 1 register (Register 1.0) 33
34
Change the rovwe for b L0.5:2 in Table 13-4 fas mondified by IEEE Ktd 862.3bp- 2016, IEEE Sid 803,355~ }5
26, and IEEE Std 882.38s-2013) ax follows Genchanged rovws st shownje 0
37
38
K3
45,2.4.1.3 Speed selection {(1.0.13, 1.0.5, 1.0.5:2) 40
41
Change the last paradriapli nf 35.2.1.3.3 {as podified by IEEE 368 8082.30-2010 and JEEE 5td 882, 35s- 42
2010 as follovs: 43
When bits § theotigh 2 aresetto DO tie use of 8 40G PMAPMD i selocted; wheti st 10 80H theusenf 45
HIOG PMAPME dasclected; when set o 0100 the use ol a 236 FMAPMD s selected; when sciio 8101 the 46
win oL 530G PMAPMD fsscloctod, when set 1o 1000 the use of @ 200G PMA/PMIY is selecied; when sl to 47
0T the wwe of 1 400G PMAPMD Is selected. More specific selection is perfonmed tsing the PMAPMD 48
vontrol 2 register (Rogister 17} {see d45.2.1L.6.3% 49
S
K|
32
53
34
i1 Cagpright © 3017 IBEE. Al rights reserverd
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Zrd Febyuary #0317

Table 45-4-—-PMAPMD control 1 register bit definitions

Bitx) Name. Deseription RIWHS
RIS Spoad selection S ¥R R
Podos oy = Heosopead
g 1 x = Reservad
184 1 =400Gk%
g0 & =300 0
LU S 3
LI S ¢
LU R ¢ S
L3I O i ¢
[N S R
[EIRS IR O
[N EINE U
Q&0 f s

SRAW = Had Write, 80 = Selfwlcaring, RO= Bead ondy

45.2.1.2 PMA/PMD status 1 register {(Register 1.1)

Change the fourth sentence of 45.30.2.3 (as mndifiad by IEEE Sid 80238y 2006 and IEEE S6d 382.3bs-

2} ax follows:

For 10025540/ 1007200400 Ghiv operation, bt 11T v set fo a one when oither of the faudt bigs (1811,
1.8.10) bocared in ropister 1.8 aro set to g one,

This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.
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45.2.1.4 PMA/PMD speed ability (Register 1.4}

Change the vow for 143 In Tuble 45-6 {es modiffed by JEEE Std 802, 300-2016, JEEE 81d 8023552610
wnd FEEE S1d $62.3bs201x) as follows fionchanged rows net shownje

Table 45-8--PMAPMD speed ability register bit definitions

B9 Mame Brescriptin R
143 Rasapead SO0 capabde BO
5 1= PMARMD iy capabde of oproiting il M GRY
8= PAAEME I wed capable of dpeaitinge st LGRS
RO = Read only

Favert 45.2. 5.8 6 gfter 43,2136 s folhos:

48.2.1.4.8a 500 capable {1.4.3}

When read 25 ¢ one, BiE 143 indicates thit the PMAEMD is abile 10 operte ata duta rate o 50 Ghds. Whan

vead a8 weero, Bt 1403 mndicdlos thatthe PMAPMD is not able by opeeats of 4 deta tate of S0 Gh's,

45.2.1.6 PMA/PMD control 2 register {Register 1.7}

03, 3by-2006, IERE Sed 842.3hp-2016, JEEE Sed 8!}2;31?}?3!&1’3{, FTERE Std 842.3hw- 2016, IEEE S
892, 3h3-2086; JEEE S1id 302 3b8-200x, IEEE Std 892 3cb-201 5, werd IEEE Séd 892 30c-201 %) ax foflows:

Table 45-7--FMAPME contral 2 register hit definitions

Bi{g Name Deseription LR
PRS0 | Boserved Value always @ B
138 PIARE - PMA Tgress AL stop cosbln BW
Lra Reseeved Vighie abwais & w0

Cagpright © 3017 IBEE. Al rights reserverd
This Is an unapproved IEEE Standards drafl, subjedd o change.
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Tabie 45-7-PMAIPMD control 2 register bit definilions {continued}

Bitlss Name : Deseripiion R

=

eh PMAPMD fype selection RIW

o ;
T L e e

&

i e B TR O R R
R et

o
=

GH‘H}O{

i {ﬂ} 11K

100101
JRIRE R
PoGiand
18100 i} = }QO

-ihﬁﬁﬂin
Legpan s

(LERLE )
D3040
USRS R
(H{M)!

Copyright & 2017 [EBE. Al riphts reserved.
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{EEE FROZ.3cd Task Forge Bt Fabruisey 2017
Table 48-7-PMAFPMD control 2 register bit definilions {continued}
Biifs Name : Description A
L6 PMAPMD type selection
{oomiin- {eimtingedy g
wedy GG i

SRR RS

TG00 0= 400
QT 11 = 1 IGR,
0T e B
SRITRE B R 3
GO0 = B

O TI0E e
QOLIQ10=1
90113 &‘){5 .{ B *}(

SETETRY
IRIEERE S
RS H BRI )
OO0 03
SRR

D010 1= HEIBAS
Q001 10U HOUBASE
GO0 1911 = HGBAS
OG0T 0T B HIGEAS
G000 L= I0GRA
G000 = 10GRA
00001 111G
SHEEG L= HIGE
SO0 1 Ol HGEAY
G001 00=10GHA
QOGO 0T T =300

DAY EFH L= HIG
P EROR00= TOGEAS

i, BO = Rewd ol
tedd; bty 3030w used to-difereniinie which BASE T PMATMD v wlected.
SN 3¢ selecied, register 1,900 §s wsed o diffecontintg hich BASE-H PMAPMIT s selecied

Change 43.2.£.6.3 fax modificd by TEEE 3td 802 3be-208x) a3 follews:
45.3.1.6.3 PMAPMD type selection (1.7.6:0}

The PMAPMD type of the PMAPMET shall be seloctad using bite 6 1o 9, The PMA/PMD tepe abilitles of
the PMAPMD are advertised in bits 8 and 7 deough U of the PMAPMD stats 2 register; the PMAPMD
emczixi\‘d ability rogistor; the 400G HING PMA/PMD sxtended shility register; e S0G PMAPME extensded

abiliyy regidter: the 300G PMASMD cxtended ability repfster, and the 400G PMAPMD extended ability
register, A PAMAPMD shall ignote wiltes o e PMAPMED {ype seloction itg that seledd PMAPMD types

&

Copyright © 3017 IEEE. All rights reserver.
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it fas nod advertised: It is the rosponsibility of the ST catity to orours that prtually acceptalils MMD types
are uapplied consistently acvoss sdf the MMES on « particadar PHY.

45.2.1.7 PMA/PMD status 2 register {Register 1.8)
48.2.4.7.4 Transnut fault (1.811)
Tuvert the follpwing reves after the vew for 3GRASE-T twhich way {nserted by IEEE Std 803.3by-2018)

wigh the exception of the ICGBASE-DR row which poes after the IQVGRBANE-NRE P in Table 45-¢
as follows Gachanged rows ped shovengs

Table 45~-8-Transmit fault description location

PMAPMD 1 Descripion lecation
| 50GBASEKR, 1000EASE-KRY, 13789
IOGHASE-KRS
SHGBASE-CR, 100 HANE-CR2, 13RG

| 0GHASECEE

{38538
| SOGHASE-PE, SOGBASE-LE ' 13958
| HHGRASEDR 1058

45.2.1.7.5 Recpive fault {1.8.10}

Insert the following rows after the vow for 40GBASE-T peliich was inserted by JIEEE Sid S82.35g-3816)
wiith the exception of the HGOGRASE-RR row whick gociafier the INGGBASESRE PMD in Table 43-18
as follows tpachanged rows not showal;

Copyright & 2017 [EBE. Al riphts reserved.
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Table 45-10-Receive faull description location

e Fabrgary 2047

PMARMDY

Brexcription lecation

| SOOBASEKR, I0UGRASE-KED,

1 2000BASE

R

137848
| 2000BASEERS
i ADCHASE-CR, IOHGBASECRY, {36,818

§ sucaa
| 200GRASE

IOGGBASE-SR2,
R4

| SOOBASE-FR, SOGRASEALR

§ IOGHEASE-DR

S T

45,2.1.8 PMD transnvit disable register (Register 1.9}

Tnsert the following rows after the row for SOGBASE-T pelidch way inserted by JEEE S8 382 3h¢-2016)
with the exeeption of the JOGRASE-DE rove which goes afier the I0GBASE-SRE PMD in Tubls 45-12

as folloves fpucharged rows nof shoywal:

Tabils 45~12~Transmit disable descriplion location

PMAPMD

Descriptivn lecstion

SOGBASE-KR, HHOGBASE-REZ, and
URGEANEERY

PR G

13988

IRGBASEDR

Copyright © 3017 IEEE. All rights reserver.
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Tusert 48,24, 1401 before 4320 Lo fas sevted by IERE 8td 8023022016 as folloiws:

The assiznment of bils dr the 300G PMAPMD exiendod sbility register is shows in Tade 451761

Tabie 45-17b1—50G PMAPMD extended ability register bit definiions

Bt | Nanmw Deseription RiwR
1218 SHGPMA reaite = 500G PMA hag the ainlity to perfoo i vemas R
fonpback ubility tnophack function
0= 30 PMA does not have the alnlisy o parfonaa
remots fospback Rawtion
IR £ 5 Reserved Vidne slwags RE
1204 - SOGRASE-LR ability o= PREAPMIY I able fo ey BO
= PRAPME i oot abl
1203 SHGBARE-FR shility 1= PREAPHD s able o pectinm SHGBASEY R{
§ 3 PAMARMED i nod albide to perform 5 s
1303 | AOUTBASE-SR shility RO
1201 | SHOBASE-CR atdlity R
BAIIAY SUASE-KR ability RQ

RO = Read only

45.2.1.14b1.1 506 PMA remote loopback ability {1.20.18)

When resd 8% a one, bie 120015 indicates fhat the SO PMA is ubis to perform e remote loopback function
Whis reaid a5 % zero, bit 12013 fndicatss that the 506 PMA iy nor able o peeform the et loopback
function. Ifa PMA s able to perforny the remaie loopbuack fusction, then B is controlied nsing the PMA
rermois loophack b 101 {s¢ £A)

45.2.4.14b1.2 SOGBASELR abifity {1.20.4)

When read as 8 oog, bit 1204 indicgtes that the PMAPMD I able (o operaie as 4 SCGBASE-LE PMAS
PMD ovpe. When read as aozero, B 1204 indicates that e PMADPMD 5 not sble © opetate 85 &
SOOBASE-LR PMAPMI type.

48.2.1.1401.3 SOGBASE-FR ahility (1.20.3)

When read a5 g one; bit 1203 indicales that the PMAPMIT iy able o operate as 4 S00BASE-ER PMAS
PME tope. When read us & sero, bit 1303 indiostes that fhe PAMAPMD is not able fo opewaie a1 a
SOGBASE-FR PMASPMD type.

Copyright & 2017 [EBE. Al riphts reserved.
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45.2.1.1401.4 S0GBASE-SR ability {1.20.2)

Whan read s 4 o, bit 1.20.2 indicates that the PMAPMII i able b operate 28 a4 S0GBASE-SR PMAS
PMD type. When réad g8 a zero, bit 1202 Indicsres i the BMAPMD 35 not able to operaie 85 a
SOGBASE-SR PMASPMD type.

45.2.1.14b1.5 S0GBASE-CR ability (1.20.1)

When read @y g ong, U201 dndicates that the PMAPMD ix able ty operate as & MGRASE-CR PMAS
PME tvpe. When road as wozerd, Bit 12001 indicates that the PMAPME i not sble o opsrate as 4
SHGBASE-CR PMAPMD type.

#45.2.1.4401.6 SOGBASE-KR ability {1.20.0}

Whan read as 2 one, bit 120.¢ indisates fhat the PMAPMD is «blb to operate a5 & SOGRASE-KR PMA/
PRID fype. When read ue 8 zore, bit 1208 indicstes that the PMAPMD 55 not able fo opemie a5 a
SOGBASE-RR PMA/PMD type.

Insert £3. 2.4 340 after 48, 2.7 14 (s dnsevted by TEEE 3td 302 305201 x) inx Jolloviss

The assigrmment of bitg i the PMAPMED extended ability 2 registor is shown b Tabla 45171

Table 45~-178—PMA/PMD extonded ahility 2 register bit definitions

Nameé Deseription RIWS
| Reserved Wit always O BO
P2SY L S0 avtended abilities 1= PRMAPMD has SHG exteraded abilities Bsted 1 RQ

registér § 20
U= PRIAPMD does oot have SOO axtended abilities

SR = Read onky

452114711 500G extended abilities (1.25.0)

Whidn read a6 ¢ oney BHLESN fndicaies that the PMAPMD tas S0G sxwended abilitios lised in register
.20, When read as 9 2on, bit 1250 ndicates thi the PMAPMIY does not lave 300G exiended abilities.

Copyright © 3017 IEEE. All rights reserver.
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45.2.1.101 RSFEC control register {Register 1.200}

Change Tuble 457 {ax modified by IEEE Std 382302016} ay follows:

A g PR hees

Table 45-73--RS-FEC control register bit-dafinitions 4

ANpwe i)mrnmmn RAwR

Heserved Valuo always @8 O

L2003 Fourlaos PMD indisation R

i

202 F50E REFEC andlde RAW L

> decoder dees not mdicats svrons fo G PUS W

A0 FHC bypass ndication ciiable - i,
L2001 FEC hypasy iidisation ciahle decoder indivntes eorory In the PO layer

0

1.200.0 PEC bypass correciion sieble R 2%

TR = ReadtWieltd, RO = Read ondy 2%

Buzert 4531 0 aa before A2 1101 a Cas Fasested by TEEE Sed RU23bp-2006) ax Jollwwes: a8
48.2.4.10%.aa Fourdane PRD {1.200.3) 3

This bitenshies dhe aliontiont vlarker mapping fiteton in e REFEC to subsunse e fed byes of te 2
aligument srekers correspoading to PCS apes 17, 18, and 19 with the Sxod bes oy the adigament sk 33
gorresponding fo POS Jane 16 {see 9L5.2.6). When this bit &5 s¢f o were, the aligument markess 34
servesponding o PCS lassg 17, 15 and 19 are passed fhrownd vvendifiod. The dofaudt valve of this tit is »
08, 36

45.2.1.102 R-FEC status register {Register 1.201) 38

Change the reserved vows for L2301 73 3 Table 4388 as follows (enckanged voses not shown): 40

Table 45-80--RE8-FEQ status registar bit definitions 43

By Mamie Descripfive L RAWS 45

FFEC optonad states seps
| ported

RO Dptctal s n Figme 918 RO 47
- does nok sippodt aptiongd siatesin Bame ¥R | 48

1 Heserved Vilue always 0

ol

-

ot
F¥
Lo

SR = Haad ondy, LH = Latchig high X

Copyright & 2017 [EBE. Al riphts reserved.
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Change 4821 HRY, 48211032 {uy moidified Sy JEEE St 802.38p-20108), und 452 1LI0L3, and
3213 (L?Lé as frtlows

45.2.1.1021 PCS align status {1.201.15)

Bt 120118 indicates fhe POS sligavent status of the KS-FEC, For the REFEC desoribed in Clase ot

quse 134, PCS alipament B defined as block lock, alignmat marker fock sid deskow of ail 20 sansmit
Pﬁ 8 lanes. For the RE-FEC doseribed in d PUS alignment is defined s Block fock of the ransmit
PCS signal. When read ax a 2ere, DiC L2111 indicytes tit the RSFEC has not obtained PCS sligmuei,
When read as & one, bit 120113 indictes Gt (e REFEC has obtsined PCS dligmment.

45.2.1.102.2 RSFEC align status {1.201.14}

Bt 1.201.14 indicates the PMA gligninent stuhs of the RS-FEC. Forthe BS-FEC described in Clinse ¥l of

fag: § ch amt deskew of all four aneg on te PMA
MA ‘ﬂi’wm{.m is defined as codeword warker
sates that the RE-FEC has not
obtained FMA alignment, When read as 3 one, bit .i .Jt}_i._ii md.scmcs %‘hat the RSFEC has obtained FMA
alignment.

tock on the PMA gervics interface, Whsn read 4

45.2.1.102.5 FEC AN lock 1 {(1.201.9)

When read ag @ one, bit 1.201,9 indicates Urat the RE-FEC deseribed in Claess 91 or.Clauss 138 has locked
and wligned fave 1 of e PMA sorvice Interfiice. Whes read 85 1 zero, bit 1.201.9 indicates thit the BSPEC
hiay not docked sud alizned e Tof the PMA servies Taterface, This bitreflecty the state of amps_lock] 1
{see 91.3.3.1)

458.2.1.102.6 FEC AN lock § {1.201.8)

Whenread gz aone, bin 12018 indicates thay the REFEC desaribed 1 Chasse 91 gr Clanss 134 hus imkeﬁ
and aligeed Tane ¢ of the PMA service interface, Whien read ay @ Zevo, bif 2018 nidicates that the R :
has net locked and aligned Tane O of the PMA service intevface. This bl mikds the state of amps_lockil]
{sec 1330

Tnvert 452 L 102 6o after 45,31 1026 as follows:
45.2.4.102.68 FEC oplional states supported {1.301.7)

When read #s a pug, bit 13017 ndicgtes that the RS-FEC desoribed dn Clause 91 inplemsats the optiveal
sigtes i Figars 51-8. Wherivead sva zeve; bit 1.261.7 indicaies that the optional sisdes are not inplamenied.

Change the second sertence of 4321108 ax follows
45.2.1.108 RS-FEQ BIP srror counter lane § (Register 1.230}

The BSFEC desoribed fn Clagse 91 oy Clsuse 134 cxlculatos & BIP vahwe for oxcl POCS e (ee 91,324,
S84
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Chasge 45.2.1.316d 19 48.2. 1. 1161 {us inveried by IEEE 8td $02.3b3-201x) as follows:

45.3.1. Ved 50GAULn, 100GALIL2, 200GAUIn, and 400GAULn chipdo-chip transmitter
equalization, receive direction, lane 0 register {Register 1,500}

The asshpument of bits in the 0GAULn JTMGAULE, 200G AL, sad 400G AL chip-io-chip ranamit
tor cqualization, receive divectivn, fans O register s avwendn Table 35-20ab. The wansmilitr, revgive direes
Hion, I fhe transmitior that sends dan iowards the MAC.

Table 45-80ab-80GAULN, 100GAULZ 200G AULN, and 400GAU-n chip-to-chip transmilier
erualization, receive direction, fane 0 register bit definitions
Bitfs) Name Deseription Riw®

50 Reqnest Sag 1 Chatige o equatizalic R
{r= No change i equali amm I regested

$300.04:12 | Postursor poguest e 1}“ 12 7O
11
i 3
Lo 4
8t 3
fi ¥ 24
i Py vane-4 t}“}
48 G {"z" =43 :{Ci i}x wie \S}@

LI001100 | Pr-corsorasguist 13 RO
o
8

L3ma? Post-curaor remote saiting ‘}'\‘? : RAW
i
F
[RERE
il
Hg Remoss e
31 me&" i

L3068 Pre-cursor remote selting RiW

Copyright & 2017 [EBE. Al riphts reserved.
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Table 45-90ab—~50GAULD, 100GAUL2, 200GAU-n, and 400GAL-N chip-to-chip transmitier
equalization, receive direction, lane 0 register bit definifions fcontinuad)

Bit(s) Nome Descripting Bw
1.5004:3 Past-carsor ol selting $32 RW
til ‘{um\ il
i ;
18
o

.00 shearsor fonal sting BIW

v {ei-
&6 ,If: ey eml =0 (G- }?mssmh

RW Read Write, BO = Read unly

48.2,1,116d.1 Raguest flag (1.50045)

1 JOOGALE-Z
181 : ] . This fndicates
1 ,"t}f}u»&w»m oF a(}f}(::\( } 1t chip~to-cldp o insuing a roquest o
ch,,;n.;\ th{f zemm: musmmm‘ et}\m trationin the J0GAULR IGAEE, IGGA U, s AB0G AL -1 clajs
to~chip fane O fransoitier i the seceive divection. I a lane @ 300AULn, 100GATILR, 200GAL, or
FOECAUT-n receivr in the roveive dinection is not present inthe package, then e value repuined Koy s b
shold be wero,

nthe fae O 30GAUL

& vihe .-"}js 1t indicaies the valoe of the \fﬁttiz e Neguest f
The valne of this bitindicates the valoe ofth abs!‘g_ f__j

45.2.1.116d.2 Postcursor requast {1.500,14:13)

The value of these bits indicaies the valae of the varlable Reguested sg o W the Jane 0 S0GAE M
LO0GALUL2, DGAUR, or S08GA UL recatver dn the repeive divestion {sen I and g
When Regres! Aog is oqual to 1 this value indicaies the ratio of the postoursor coctiiclent o1}, which i is

reguesiod for the transoitise equahz.di.ioﬂ in the 20GAL N, 100GALE-E, 200GATUTER, o JODGATH-n chip-

to-chin lane O ransoiiter i the teeeive diveciion

48,2.1.116d.3 Pre-cursor request (1,500,11:10)

‘s&!mi }'{e!nguu ]‘u’" is »:a:mu} o 3 thz» pE: ﬂm: mdtastcs mc Tt oi‘ xi:za pn&um}r oeificient \.gwl) wiht
requcsted o the tranentiney cquai;z.mon fiy the SEGAULn, ID0GALI-E 200GA U, or SGGAUL chip-

to-chip lane O tansmitier in the reeelve divection,
45,2.4.116d.4 Postcursor remote satting {1,500.3:7)

eg ol for mc kmc

{3 “{kxA{‘

The valug of theae hifs sats the vartable Remoiy
or JO0C AL -n rocelver i the recetve divectls

IOGALE2, 206GAUL., or 408GAL
foodback as au dndication of the mati of fhe postcarsor cpofficient ¢(1) boing wsed in lar
SUGAULy 100GAUL2 200GA U q, or 400GAU-n iransmisier in the receive divection. {see

lﬁ li}{?L}ALIinE ﬁﬂﬁiri’si”inn

@ receiver that 1‘:1}3!&{:&1}1«3 the optmmi xr‘mwmﬁu if{‘lildki’dimia
0 of U
Xland
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2R may beoused to generaty valies for the reguest flag and dhe requost bt If 2 lane ¢
J0GALER, 10UCGA L2, 200GAT R, o 300GA UL receiver fu the veceive divection s nol prosent in the

package, then these bits have ne offest.

45.2.1.118d.5 Pre-cursor remote setting {1.500.6:8}

The value of these bids sste the vadable Remofe ey cmd for the lme ¢ *3{3(3 \Efi-n 1000ALE2

I00G A Fn, or 400G AU recetver fn the seceive ditection (see i 3 This is used by

3 IDCAURR, J00GAULZ, 200GAUR, of 400GAL. rocelver that. uplemonts thy opmxmi fransudtior
erpatization feedback 48 m indication of the ratio of ilie pre-capsor coeiliciont of~1) being used in lane O of‘
the quA{, Hen, J00CAULZ, 200GA ULy, or 40DGAU rransmitter 10 the réogive divcction {seo 13883
and 1 U U omay be used o gonerate values for the request flag and the request bits, Ha fane f)
SOGALULn 300GADLZ, 300GA I, or 400GAL 1 rocelver bt the rogelve divestion. iz not prosent fn the
package, then these bits have aw effect

45.2.4.116d.6 Post-cursor local setting (1.500.4:2)

The value of these bits sebs the variable Locg!

ok for the Tane O S0GA UL, HOGATULZ, 260GAUT., oy
AUNGAU T transmtier i the reostve divestion (3 iy 1 which contiols the weight of
the tranemitter equalization post-cursor cosfficlent of 1), W lane 8 11, 100GALIES, 200GA U, or
SOOGATUT ranenitter i e receive divection fs not presarm i e packsge, then these bits have ao affect.

45.2.1.118d.7 Pre-cursor local selting {(1.500.1:8}

of thy tragsimitier equalization pre-cunsor coefliciont o1} a kuwe ¢ SDGAL -1, 1DOGAUL2, 200GAULn,

or $00GA UL wansoaiter i the receive direction Is not present 1n the package, then these bits Tave no
sffest.

45.2.4. 1160 S80GAUn, 100GAUL2, 2006 AULN, and 400GAULR chip-to-chip transmitier
equalization, receive direction, kane 1 through lane 15 registers {Registers 1.501 through
1.518)

The S0CAURD, IDOGALIEL, 2O0GAUTx, and AMDGAR-u clip-to-chip snsmditer srualication, secatve
direction. dane 1 through lane 13 registers are defhned similndy o regiator 1.500 (which fs used for Tang §,
soe 45,211 1oy but for fanes 1 throngh 13, vespectivaly, The bansoritter, receive direction, 15 the tonsmit-
ger thay sends data towards the MALC

485.2.4.116¢ S0GAULs, 100GAULZ, 200GAUKN, and 400GAU chip-to-chip transmitter
egualization, transmit direction, lane § register {Register 1.518)

The assigmment of bits it the SOGALER IB0GALIEZ, ID0GA U, and 400GAT 0 chip-to-chip trasssmit-
o equalization, wansnil direction, lage U vegisior 15 shown in Table 45-%0ac. The wransmitter, fransmit
direction, i the transnuitior that sends data 1owards the PMD.

45.2.1.1161.1 Reqguest flag {1.816.18)

The valic of this bit indicates the value of the variable Reguest &
200GALU T, or 400GA T T recabver I the transmit divection (see 3y This indicates

whether the SOGAULn I00GALEY 200G AU -n, pr AC0GAT 1 ¢ I8 % rennest o
change the remote Wansmitter sgudization tn the S00AULL, 100GATE-2, 300GAUTx, or $00GA 0 chip~
to-chip hane O wunsmiter i the transmit discetion. 1 g ane 8 30QA U, IGAULZ, 200GAlH D, or

i1t Lhn bane § SDGAL g 1O0GALIER2

Copyright & 2017 [EBE. Al riphts reserved.
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Table 45-98ac~-80GAULN, 100GAUL2, 200GAUI-n, and 400GAULLN chip-to-chip transmiltier
egualization, transmit direction, lane § register bit definitions

O s Yk e

Bit(s) Nome BPescriptins rat

1AI81S Reguest g e Uhangd i g il *tf),wszu;x-u i 2Y0) &
' ' f= No chatge n squalization is requested

5161613 | Postuprsor requss 4131 RO o

1 Heserved
0
i
L ¢
1
i
i1

e

L T e e e

= m};mo»{} Q3
2 E{lwtio

ESIR LRI | Frowwsor regues I RO 17
11 Reguested g emid =
i Requesied oy “i‘”u’

LA9T Post-cursor Tameie setiing W %

EBE N Pe-Clrsor folotd qliigy 6 f ) BIW 30
¥ SN g

3,
LEIGAR Past~cursor looal setting p
- Ramesved ’
b Reswived 36
Vo Locud 3 i

8. Leead egiel:

faosd ey e

2 RW
;
{

G087 Loowl eg =1 {u ]
808 Lowd eg ol =0 @1 ;m*w G) 41

LSIGER | Pascursor focal setting & , o RIW 4

hm:\ »00 3 4%
-1 oty () 46

Lv al ey ¢ 1=

SRIW = Tread Write, RO =Read only

o

Ve 4y e

4U0GAUT-n receiver i the Iransmit dircction 15 not present i the package, then the wilue retirnsd for this
bit shoald be zovn,

thr St L
Jon
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45.2.1.1168.2 Post-cursor request {1L.516.14:12)

X\*h{fn Rug{: f f?g;z; s ».,c;uai i ! ﬁn\ vaim. mdsmi;\ {m mzm m ;;m p()sta('mmt s,(:tt:ﬁ!s.xcm &.{ 3o wihich i:,
requested for the ansmiiter eqnaimumn in e J0GAUL 100GAULT 200GAU L, or 400GAU - chip-

tiechip Tane Giransenittor 1o the transoit divectivn.

485.2.1.1161.3 Pre~cursor request {1.516.11:18)

The value of thest bits ndivates the valus of e variable Regrested eg oml in xim idi ¢ 1 3K
IOGALTE2, M0GAT I, or $08GA ULy receiver in the transpmt dmcmm {see I20R I 2 and |
When Regreest. flag s egual 1, s wilue tiadicatey the matio of Ui pro-nawsor coeffigient ci-13, w imh {5
requested for the tmswitter equatization v e SOGAUTN, 100GAULZ, 200GAUT, or 400GA -1 chip-
trechip lane ¢ transmigter in e transmit direction

48.2.1.1161.4 Post-cursor remote setting {1.516,9:7)

The vabue of these bits seis the vartable Remote_og of far Lhr: ans U SOGAULn, 100GALTLE, 200GA Uy,
of A00GAL-Y redeiver in e iranemis divection dsee T3ERED and 1200330 This fs osed by 2
SOGALER. IDUGALE:Z, 200GALT-, or 4UDGAUR 1 hoplements the optional franspsitior
equalization feedback 48 s indication of the ratio of ﬁu ;mw«cursc)v coefficient o{l) being used in mm 0 oi

thie SOCALL- i*z I00GAL2, 2D0GAUT, ov JGA UL transmistor o the transait divection (zee

ne G

and b 3 may De used w0 generate values for the request flag and the rogest bits Mo fa
SOGAULR 1D0GALLD, 206G AL, oo O0CA L p recaivonr o the transmil divcetion is nut prasent in the

puckage, then these bits have 1o effeat.

45,24 1815 Pre-cursor remole sefting (1.516.6:5)

The wvalue of these bits sets the vsriable Rewoie ey omd for the hm G ‘?"‘CS‘\LLH VGALRS,
ZO0GAU T, or 400GAU -1 rocetver bt the transmit divestion (sog 1 ¢ %3, Thas is used
by a S0GAULn, TO0GATUTL2 200GAU, or 4D0GA U recaiver that sm;ﬁumma the optional mansmiticy
squatization feodback ayan indication of te ratio of the pre-esor cocfficient of--1) baing wsed in iam O.of

N
by

the SOGAULn, JO0GALT2 200GA Ty, or 400GATU - transniiter fn the tmsmmi divection (see 3R AN

and 3oty e weod By genseats valogs Re the reguest flag and the request biis. K g iamc 3
SHGAULD, JO0GATH-2, 200GA T, or 400GA U regeiver fn the wnsiit divection is not prosent i the

packaze, then these bits bave no ¢t
45.2.4.116{.6 Post-cursor local setting {1.518.4:3)

The value ol thiese bits sets the varigble Local ey of forile ium 8 30GAL T IDOGALLY 2085A LT, or
AUOGAL s wanstoiiter in 100 tranamit diredtion {seg 1IARA1 which controls the welght
of the transraitier egualization post-cusor coafficiont c(i) i.f 4 lane B SOGAL INOGALLZ, 200GALTD,
or SH0GALRD ansmitier I e tansmit dircclion §s not present i the packags. then these bils have no
sffest.

45.2.1.11857 Pre-cursor focal setting {1.516.1:0}

The vatue of these bits seteithe vaelabde Locad ey owd for the tare ¢ SD0AU L JOD0AVEE, 200GAU Iy,
or A00GAL o ravenditer in e transodt direction {see 136801 and 1.3y, which contsols the
weight of the wansmitter cqualization pré-cursor cosfiicisnt } Hoa lane 83 Q&AE Hen 100GALES
IO0GAL R, or J000ALT - ransmitter b fhe trapswidt divection ie not present in the package, then these bits
have no effect.

Copyright & 2017 [EBE. Al riphts reserved.
This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.

o

Marvell Semiconductor, Inc. - Ex. 1002, Page 000120

[ I B S

o

-~k

i

48
9
56



Draft Smendment 1o IEEE Sig BO2.32018 IEEE Draft PRO2.308/04.2
{EEE P02 3cd Task Forge B Fabrdary 2017

45.2.1, 1169 S0GAULN, 100GAUL2, 200GAULN, and 400GAULN chip-to-chip transmitter
sgualization, transmit direction, lane 1 through lane 15 registers {Registers 1.517 thivugh
1.531)

The 30GAUEs IDOGALLR, 2006AL R and J0C0GALTn chip-tr-chip transiniiter cqualization, tansmit
divection, ke 1 tirpugh kine 13 rogisters sue delined similarly o register 1310 (aliich 18 nsed for lane @,
see 32101660 but for lades 1 throogh 15, respectively. The tranemitier, transmit dinection, i the
frinstatiter that sends dati fowards the PMD,

Fazert S5 2 T F16F 1 332 L1160 affee 4831 F1 Gy fay inserted by IEEE Std 8823552013} ax follpws:
45.2.4.116h PMA precoder control down Tx {Register 1.800}

The assigament of bits fn the PMA precader control down Tx register is shown in Table 45-9iad.

Table $5-30ad—PMA precoder control dovwn Tx register bit definitions

Bit(xy) Name Dreseripting . “ ®
LS | Reserewd Vate sl Q ' M}
16003 Lane ¥ dowy ansmdfter 1= Eane 3 dodan T proondir RW
precoder aable 0= Lane 3 down Ty prévoder dise &\iul

L Lo0G.3 a2 down innsmitier b= Lane 2 dow T prevuder snabled Rw
g:w«du cmbile Q=Fae d ximm Tx ;m\m}t\ umbi&d

16003 Lmt, i d\s\m tmmxmim lw 1 aned fie.m it} i\ e ‘z}évr of xi M RW
precoder enabl = Lage d dows Ty preceder debled

16060 Lane O down ansmiier 1= Lane O dows Tx precoder eaabled B
precadier enable = Lane U doon T precoder dissbiead

FRAW = ReadlWate, BO = Read only

45.:2.1.116h.1 PMA precoder down Tx enable lane 3 {1.800.3)
This bit eoables the g 3 down Taprocedst

45.2.1.118h.2 PMA precoder down Tx enable lane 2 {1.800.2)
This bit cosbles the baos 2 down. T proceder.

45.2.1.116h.3 PMA precoder down Tx enable fane 1 {1.800.1)
This bit coables the Bos L dewn Tx proceder

45.2.4.116h.4 PMA precoder down Tx enable fane 0 {1.800.0)
This b conbles the laoe D down Tx procoder.

45.2.1.116i PMA precoder control down Rx {Register 1.601)

The aseipnment of DIts in e procosder paatrol dowe Bx mogister 4o slowir in Table 4380

Cagpright © 3017 IBEE. Al rights reserverd
This Is an unapproved IEEE Standards drafl, subjedd o change.
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i Table 45-80as—PMA precoder control down Rx register bit definitions
Bit{x} Name Dieseription - RW®
i | LEULES | Reserved Value always @ e
| 16013 Lane I dovas rovsiver o Lane 3 dowa Ry prectder anabdad - RW
precoder enable = Fane 3 down Rx prevoder disabled
1.e612 Fane 2 down yeceive 17 Lane T down By precoder onebled RW
: Jereccudsr enntde 3= Lo 3 dovar Ry preccdes shsatded
Laiia Lane | down rooeiver b= Lane §dowa Ry precoder cuabled RW
‘ prevoder caable G = Faoe 1 down Bx proonder dizabled
16010 Lane (down reeeiver = Lane 0 down K precoder snebled 1AL
precader erighld {5 Lane §dovwn Ry precuder idisabded
HREW s Z{{&a(ﬁ\%’féiﬁ, RO = Read only
45.2.1.4161.1 PMA precoder down Rx enable fane 3 {(1.801.3)
“This bit cuables the fane 3 down. Rx jrecoder
45.2.1. 11812 PMA precoder down Rx enable fane 2 (1.801.2)
This bit cnsbles the lase 2 dowa Rx feovder
452411813 PMA precoder down Rx enable fane 1 {16011}
This bit coubles the oo T down RY jeeender
452411814 PRA precoder down Rx enable lane 0 {(1.8604.0}
This bit enables thie lane § down Ry jecoder
453 4. 116} PHIA precoder control up Tx (Register 1.803}
The assipnment of bits in fhie procoder control up T register i showa o Table 45-9048
i Table 45-90af--PMA precoder control up Tx regisier bit definitions
Bi{s Name Deseription R

RS E ke ke ahways 0 - Ry

i | Louzt Lane bup tansrotier = Lane bap Ty procoder snabied R
i precider ensbis == fane Vg Ty preccdsy ibsabhed

1 e Fane O up et b= Fane & up B precader caabled - RW
precoder argdble. Q= Lane 8up Ty prevnder disabled

AW = Road White, REZ = Read ondy

i Copyright © 2017 IEBE. All rights resemved.
This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.
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A5.2.1.116].1 PMA pracoder up Tx enable lane 1{1.602,1) i
3
This Bt onabileg the Tane 1 up Ty pracoder :
45.2.1.116].2 PMA precoder up Tx enabie lane @ {1.602.0) f
Thie bir ovables the lave O wp Ty precoder. “{;
45.2. 1116k PMA precoder control up Rx {Register 1.603) g

s

The sssigimnsnt of bits i the precoder control op Rx scgister is showy i Table 45-90ag.

Table 45-90a5--PMA precoder control up Rx register bit definitions

Bits) Name Rescription LR

1603152 Resenved Vade shways § RO

s G pesls nnt fosh ok g o it ok
e ek o e Tl B e

NG

RECR Fane 1 up receiver prasoder 3= Lane §up Ry precoder einblad - RW
i enable Q= Lame 1 op B pracader disabled -

o
pasd

- 1.603.0 Lamne Fup recshver faecodor 1= Lane i up Bx precodue exabled RW 2%
i arubie & Lame # up Bx pracoder digabled § a3

SRAW = ReadWeite, RO = Read only 4

AL

£3 o b
A

45.2.1.118k.1 PMA precoder up Bx enabie fane 1 {1.803.1)

Bk Tk
73

St
e

This bil enables thedtans T up Ryprecoder.
3¢

4521, 1812 PMA precoder up Rx enable fane § {1.803.0)

L b
£

s
B

This bit enables the lane Bup Ry precoder.

L
B

45.2.1. 118! PMA precoder request status {Register 1.804)

s L
o g sor)

Ls
T oy

The geshument ol bRS in the procoder Teguest sthtas register 16 showit in Tuble @5-90ah,

N
Tabie 45-30ab—PRA precoder requast status register bit definitions 40

Bit{a) Name Deteription - roaE

LG | Reserved st siways O R 44

16040 procodsy request sl i 1= Lane 1 procoding regqueste
e Lane 1 pecoding notreguested

| LG prevodec soguest statns 0 b Lo @ precoding ceguasied - Bid 48
: Q= Lane & provoding not requested ; 44

WIW = Reast Wrtke, RE2>= Read only 56

Cagpright © 3017 IBEE. Al rights reserverd
This Is an unapproved IEEE Standards drafl, subjedd o change.
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452111811 PMA precoder request status tang 1 {1.604.1)

This bis ngivaiss the Tane 1 procoder regusstsiatus.

[ P B S

45.2.1.1161L.2 PMA precoder request status lane @ (1.604.0)

&

Thie bt indivatey the lane O precoder request stasis,

o~k

45.2.1.116m PMA precoder request down {Register 1,608} g

The sxigmsient of bits inthe precoder request down registor iy sheea in Tabls 45904, ¥

Tahle 45-30ai--PMA precoder reguest down register bit definitions

{

Bits) Nam Rescription LR 3
. . 1

i

1605152 Reserved Ve shways § RO

REC LS precodes rogust dowa 1 = Lane 1 precodee dowa reguested - RW
i Q= Lad | precoder dotws uat pegaested

- 16050 Precadsr seguest down 1= Lane §1 poccoder down roqaided HW %
= Lo $ precader dosn nof yeguested 23

HRIW == Read'Wide, RO = Read obly o2

45.2.4. 16m.1 PMA precoder request down fane 1 (1.608.1} &7

Gy
AN

This bit cnables the request of precoding in the dowir direction for lase 1. 29

Rt
48.2.4.116m,2 PMA precoder request dowh lane § {1.608.0) H
This bl ensbles the request of precoding in the down ditection for lane 8,

45.2.1.118n PMA precoder request up {Register 1.606} s

The aschpiment of bits in the precoder oot up register iy shown. i Table 45904,

Table 45-90aj—PMA recodar reguest up register bit definitions 40

Bit{a) Name Detcription - RaE

a6 | Reserved Sslus yheas O Ry 44

BEc S precesdss regrest up 1 1= Lane 1 precoder np regossied W 36
e Lane.d precoder op st regunied :

L6060 precode saquest wyp ¢ b Lo © precodes up regacsted BN 48
: O Lane 0§ procoder up ot requested 49

AR = ReadWinite, Bl Read only S

Copyright © 2017 IEBE. All rights resemved.
This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.
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45.2.1.1160.1 PMA precoder request up fane 1 {(1.808.4}
This bit erables (he roquest of precoding i the up direction for lane 1
45.2.1.116n.2 PMA precoder request up lane § {1.608.8}
This bit enabics the roquest of prevading by the G duection for e (U

fevert 48.2.1. 118 after 482, 1118 a3 Jollons:

TEEE Draft PROZ 300312
Bt Fabruary 2047

45.2.4.1182 BASE-R PAM4 PMD training LP control registers, lanes § through 3 {Register

1,4420 through 1.4123)

The BASE-R FAM4 PMD training LP coudrol registers, lanes U through 3, reflect the conjons of the st 1
bitword of the training franie most recantly reccived from the coptrel cléumed for caeh Yase: Lane ¢ maps to
register 1IE20, lane 1 maps to register LHR L fane 3 maps to register L1122, and Tane 3 maps 1o register

1383

The assignrasat of bisg in the BABE-R PAMA PMD fraining LP confred segistats fo shiowy in Table 439k,

Table 45-30ak—BASE-R PANMA4 PMD training LP control register bit definitions

Bis) j Kame Description RAW®
PRI | Beserved Vishe ahways O RO
LHZ0ARIR | Toital condilon régquest HE Rw

: boF =Pty
1. 4 = Preset
gl =Pt {
40 = Individial cooffivient contrel
IR0 Rasaryved Wk alweays @ R
ERE B HAN Meshedation and precading I ‘ W
Ut P =PAMY with precoding
T8 = PAld
£ = Rosorsed
O = PARNDY
LIROTS | Boserved Vit ahwiys O RO
LH2042 | Couffisiont sefect 4% 2 RW
I S ¢
EAE |
f 08
L U
e Toint regnest i ‘ BW
1 piicabon
i = Denremen
¢ b = Increment
& 8= Hold

ARAY == Readi Wiits, RiD = Read only

Nowsally the bits dn this reglster arercad ondyy lowsver, when traiting is disabind the ropistors: becange

writesihle
Cagpright © 3017 IBEE. Al rights reserverd
This Is an unapproved IEEE Standards drafl, subjedd o change.
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figvert 48.2. 11190 after 4821119 as Joltows;

45.2.1.119a BASE-R PAM4 PMD training LP status registers, fanes 0 through 3 {Register
1,4220 through 1.1223)

The BASE-R PAMY PMD imaining LF sfntus registers, Tanes 0 through 3, refledt the contenis of e sccond
Ho-bit wird ol the taining Gatbe most tegently reveived o the control clémnet for sach bane. Lot O miips
fo register 11220, Tane T mapsto register 11221 lane 3 maps to register 11322 snd fane 3 maps o register
PaEes,

The assigmneat of bite fathe BASE-R PAMS PMD tratidng LP stalue registorg Is shown i Talde 45-9Gal.

Table 45-80al—BASE-R PAMY PMD training LP status register bit definitions

B3} Neenne Description RW®
LINLIS Receiver mady 1o Tentning by complivte amd the reoeiver s veady RO
foy data

= Bequost for teaiving o oomtings

PAZEI4T | Reserved Vialue always @ BO
FARMLILG Moahulstion aud precading AR Y] RO
i osintus boob = PAaM with precoding

b8 =PaMid
G o= Reserved
DG =PAM2

Li3363 i Povervey fraie fock 1= Fraaw bowadsuies identfied R
= Fraemse hovadarizs not identified

R PR | Dt condition @it pdated BO
: Mot ppedited
B30T i Pagty v panty bt Rid
IR Peiir | Regerved Value always @ RO
Liaxss Coeflickent selevt echo R Ry
5 o 8 osmeedy
T T T
S R R
o0 Y o=l
LIR30 Coeficiond sistuy [ Ris

3
H I = Reservad

1§ = Upcificiont af Hnut sud squaiization
53

Hant

10 1 = Rewved

HEE S ¢ wuabration N

& 1 1 ceifictont nol supporied
RN TR oid af it

8 6 1 chided

o0 o =Notupdaisd

AW s ReadWrite, ROy = Read ondy

Copyright & 2017 [EBE. Al riphts reserved.
This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.
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figxert 48.2. 1.3 20 after 45,210 26 g5 fallows:

1,1320 tiwough 1.1323)

The BASE-R PAKMA PMD uwuining LD control repisiers, langs O throueh 3, reflect the Contents of the first
Le-bit word «f the outgolng trainioy faee fw cach e, Lang ¢ wiags to ogister 11326, Lng 1 ng to

register L33, Tane 2 maps to register 11323 and lane 3 maps to regiater L1323,

The asstgmment of bits i the BASE-R PAM4 PMD mdning L¥F control ropdaiers is shown in Table 43-90am,

Table 45-80am—BASE-R PAM4 PMD training LD control register bit definitions

Rt Namg | Description W

L1320 1848 | Reserved | Value always O B
TA3 IR fnitial condition mequest 1343 RW

st 2
= Prespt
90 = indbvdeat ooeliciont vontrel

2

I = Presar d
o
1

LI | Roserved Wathire whorares ¢ Ry
I8 R RN Modalstiopsndprending . | 9 8 RW
Teguesl b =PAMA with provoding

| Reserved Vabuwe always @ RO
| Coetficlent soleut 4 a2 RW
: IR S 4
Pobod
LU A
@

(i} R
1= Do pgualivation
= Decrement
oo Indrement
D= Hold

EISOLE | Coclfician et

>

o

AW ReadWrite, ROy = Bead only

Copyright © 3017 IEEE. All rights reserver.
This i an unapproved IEEE Standards drafl, subjecd o shange.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000127

[ P B S

o

-~k

£



Draft Amandmentic IBEE Sid 802320158 [EEE Draff PE0OZ SediDy 2
IEEE POIR.30d Tagk Forde Zrd Febyuary 3137

figvert 48.2. 112 ¢ after 4521328 as fallows:

45211212 BASE-R PANA PMD fraining LD status regisiers, lanes 0 through 3 {Regisier
11420 through 1.1423)

The BASE-R PAM4 PMD frafuing LD status regiaters, lanes O through 3, reflect the contents of the second
La-bit word of the cutgoing tateing fane B each e, Lang ¢ wigs o regdster 11420 boe L s
register P43, Tane 2 maps to register 11423, and lane 3 maps to regiater 11423,

The assigoment of bits in the BASE~R PAM4 FMD waining LD sintus registers is shownt in Table 45-90an.

Table 45-80an-—BASE-R PAMA PMD training LD status register bit definitions

Bt} Namg Desoription Riw®
ENE A eoeiver teady = Trafning 15 conplete and He recoiver is ready 3
IS v R dy i g Tt whd 8 oy 81
for dada

= Reguest e ratomg 1o confinne

E HI& 14012 : Raserved

Re¥

PHELILI0 | Modulation wod precodiag RO

statps
11429 i Bocevesy frams look e hoandaties identified RO
‘ e bouadsies nod identifing
134208 | Bitid condition status = Updated RO
§ = Not updated
LT Farity Eyen pavity bit RO
Lideas i Ruserved Walue alweays © R
PSS ookt sdluniechn 5043 BO
SN . 3
(R B |
o ow o0
SUNER
L4200 | Coofficient siatus LR AL RO
; oo d ] ¢
o8
Hinit

LN >
a8 nakizaiton Hmit
[ T Forent aot sipported

SUNIES S ¢ eificiont at hmt
[EI R dated

L (R S i 'u.pdsti:s.d

= BendWeite, RO = Rewd caly

Copyright & 2017 [EBE. Al riphts reserved.
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48.2.1.124 PRES pattern testing control {Register 11501
Change the fast four sextences of 45,3 1.124 tuy insevied by TEEE Sed 862, 385-201x} s follows:

For ihe SOGBASE-R. 1DGGRBASE-R PAMd4, Z00GBASE-R, andl JOO0GRASE-R PMAs, the assertion of
vegisior 11301 bt 13 operates in conimction with fogister 11301 biis 3 and 1. Wneither bit is asseried, then
rogistsr 1 ESOT bit 13 hes no effect, Also for the SOGBASE-R. 100GBASE-R BAMY, 200GBASE-R, and
AO0CGRASE-R PMAs, the asserdon of register 1307 bt 14 operates in conjfunction sith segister 11501 hit
3 HEBH 115013 is el assorind, then regisior 11501 it 14 s o et For sihor PMAPMB tvpos rogistor
11507 bits 13 and 14 huve noeffect,

4523 PCS registers
45.2.3.1 PCS control 1 register {Register 3.9)
Change the row for Bt 3053 in Table 45120 (ax modified by LEEE Std 8023k 2016} as follows

{erchanged voves wot shownl:

Table 45-120—PC8 convtral 1 register bit definitions

Bitdsy Nanw Bescription RiaR

3453 - Speed seleotion Biw

= Hanervest
= Reserved

FRO = Read oaly, BOW = ReadiWhite, SO Seltvchoming ‘

Cagpright © 3017 IBEE. Al rights reserverd
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45.2.3.2 PCS status 1 register {Register 3.1)
45.2.3.2.7 PCS receive fink status (3.1.2)

Change the thivd sesterce of $5.2.3.2.7 (us sredlied by IEEE 8id 862.3bp-2006, IEEE 315 802362016
and IEEE Std 803 3bs-301x) ax fullovws:

When o 10234050/ 100/200/400GBASER | 1DGBASE-W, or by MultGBASEST mode of operation 1S

selested for the PCH nsing the PCS type selection ficld (5.7.2:0) s bit 45 a hiching low version of bit
R S0 e

45.2.3.4 PCS speed ability {(Register 3.4)

Change the row for 385 in Table 45-F32 (av inserted by TEEE Srd 802.3b5-2006) as follaws (nnchanged
Fows sof shovwnj:

Table 45-122—PCS spesd ahility register bit definitions

Bitixi N Bescription RW®
143 Reserved 30 Sapable Sladipe bl RG
i sapabiliz of operating at S8 Ghbés
{=PCY s nat capable of opevsting at 30 Ghi

Insert 3.2, 5.4 8¢ after 45.2.3.4.5 {5 nerted by TEEE Jud 882.389-2015) us follows:
#45.2.3.4.5a 506G capable {3.4.5)

When read s g one, bit 3 4.5 ndivates that the PCS iy able to opergie o dada rale of 50 Gbis. Wherr read as

3 vere, bit 3408 indicates that the PCS 15 no! able to operste 2 a data rate of 30 Gbis.

Copyright & 2017 [EBE. Al riphts reserved.
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45.2.3.6 PCS control 2 register (Register 3.7}

Change Table 35-123 fas modified Sy 1E]
B2 3552036, and IEEE S8d $§02,358-201x) ry

i Sed RO2.3bp-38¥6, FERE Red 883 3bg- 2018, IEEE S1d
follws:

LY ,,., Tink | wes

&

Table 45-123-PCS contrel § register bit dedinitions

-~k

27

-

Nanue Description R

o o

Reseveed

RO

3130 PCS type sloction | 3
LR L ui

Ko

-
=
ot o ok ot bt bt
o

e
i

P

it

-~

2%
73
24

26
IR = Fead ondy, BOW = BoadiWeite e

Y

PRy
<2-i}
3@

ont
: et 2
e o T ek e 05 L e e L S s i

o
e

e
-
=
2
o

45.2.3.7 PGS siatus 2 register {(Ragister 3.8) 12

Change row for .88 in Table 431245 fay pwdified by IEEE Sod 82 3hg-2016) ay follows Gaechanged 34
raves Bol 3Honen, 15

Table 45124 —PCS status 3 register bit definitions 38

BitGs). | MName

&3

; XIBASE-R capabile

Ry Rowd enly 4%

Cagpright © 3017 IBEE. Al rights reserverd
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fresert 48.2.3. 7. 3ah after 43.2.3. 7. 300 fas fserted by FEEE Kad 302.3bg- 2816} ax follows:
45.2.3.7 3ab S0GBASE-R capable {3.8.8)

When read as 3 one, bit 3.8.8 ingicates that the PCS i able to support the SOGBASE-R PCS iype, When read
as & wero, bit 380 indicstes that the PCS is noy able to support the SOGBASE-R PCS type.

45%.2.3.8 EEE control and capability 1 {Register 3.20)

Change the reserved row For 3281 5: 14 fu Table 353125 gy follears funchanged rows sof shevwsjs

Table 45-125--EEE conirol and capability 1 register bit definitions

Bitfsy | Nawe Description Rw?
32035 | Reserved Yalue always O RO
130,14 RO

TRV = Read Wikie, R = fend only

Fragert 5. 2.3. 8.0 Before 32381 ay follaws:
45.2.3.9.5 SOOBASE-K EEE fast wake supported (3.20.14)

I she POS suppons BEE fisiwake operation for S0GBASE-R, this bit shall be sot 10 5 one) othierwise this by
shail be set to 3 2080,

45.2.3.13 BASE-R and MuliGBASEST PCB status 1 register {Register 3.33)
45.2.3.13.1 BASE-R and MultGBASE-T receive Hnk status (332,13}

Change the last ssntence of 5.2 51 far smodifed by FEEE S6¢ 802 3by- 2018, IEEE Sid 8623542016,
TEEE 36d 8G2.3b5-2076, and IEEE Std 802.3h-201x) as follows:

for I2SGRARE-R, fo 30370 for

¥ an*ﬁ’&k dmmd iy I
for 28GBASE-T and 40GBASESY,

This bit is o veflovtion of the PO status
: SGBASE-T and SGBASE-T
Afor 40580 TDOGBARE-R, &

Copyright © 2017 IEBE. All rights resemved.
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45.2.3.13.4 BASE-K and MultGBASE-T PUS high BER {3.328.1}

This bitds g direct reflection of the state ofthe
Ofor WH2RGBASE-Rand fn 823

B ber variable in the 648,668 siate dizgram and 1o defined in
for 4O I00GBASER.

45.2.3.13.5 BASE-R and MultiGBASE-T PCS block lock {3.32.0)

Chasige thivd serdence of $3.2.3.33.5 (ay wodified by FEEE St 8033by- 3816 and IEEE Sud 803.3ch-
200} a8 followss

Thie bit is a dimet reflection of the state of the bleck: lock variable i the 64B/668 state diagram and Iz
defined in 492 SHor SAOSGBASE-R and In 82 2 for SO/30/ NGB ASE-R.

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

48.2.3.14.1 Latched block lock {3,33.185)

Change 523,247 tas modified by IEEE Sit 802.354-2010 and IEEE Std 8023062015} as foltows:
Wher read s 2 one, bit 33318 indicstes that the ST IS0SETIM0GRASE-R or a tembey of the

MadtiGBASE-T sat PLS has achioved block lock, When read as 4 zevo, bit 3.33,15 indicates that the MW
TR0 3 THOGBASE-R or 3 miomber of the MudiGRASE-T set PUS has oa block lock.

“The tatched block fock bit shall be impleniented with lsfching low bebaviot.

This bit is & Tatching low version of the 7254030 1D0GRARE-R. and MuliGBASEST PUS block lock
status (320

48:2.3.14.2 Latohed high BER {3.33.14)

Change $5.2.3.14.2 fus madified hy IEEE Std 802.3by-2016, TEEE Std R02.3bp-2016, and IEEE Std
BO2 30h-201x) uy foltwws:

When fead g8 g one bit L3314 indicaies thar the 5025050 000GRASE-R or a4 miember of the
BASE-T set PCS has detecied & high BER. When readas L DIt A3 14 dnsdicates Uhat e 3R
FRO AW TOOGBASE-R ora movnber of the MidnGRASE-T set PUS hus not detected o high BER.

The latched high BER bit shall be implemented with latching high behavion

This Bl iy a Taiching Wigh verston of the S 107254080/ LONGBASER sd MdiiGEASE-T PCS Hgh BER
status By (332,10,

Copyright © 3017 IEEE. All rights reserver.
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45.2.3.14.3 BER{3.33.13:8}

Change first sentence of 45, L3.14.3 (as modified by IEEE Sid 802.30¢-381 6, IEEE St $62.3b6y-2016, and’

TEEE 8td 802 3ch-2005) as follows:

oy &

The BER counter I3 a six bit count ss defined by the ber_count varisble d ¥
(3 .r‘\\I* T and i

P20/ 301 D0GBASE-R and defiaed by coupter I oount in S
3 2 for IBGBASET snd H0GBASET,

45.2.3.14.4 Brvored biocks (3.33.7:0)

Change fiest sentence uf 45,23, 144 as modified by IEEE 5td 802, 3q-2016, IEEE 5td 8302, 30-2016, and
IEEE St 392 3¢k 20130 ax follaws:

T

grrored bipcks counter i3 an eigld bit c’eum deflned by the orrared bk count counter specified in
S 3 dbr SIO2SOBASESR, m XE3 Tor fil '!Gi‘(sz‘sL R and  defined by countey
ereared Dlock cormt in 3ERSE Ror INGBASE-Tand i ¢ 33 for 29GBASE-T amd 40GBASET

45.2.3.17 BASE-R PUS test-patiern control registar {Register 3.42}

Chunge the (it senfonce of 45.3.3.17 (ox modifted by TEEE Std 8023002010 and IEEE S8 $02.38s-
201x) as follows:

Serambled idle tost parterms are defived for 234030/ 1002004 00GBARE-R POS anly.

45.2.7 Auto-Negotiation registers
Change B reserved vow 739 throngh 739 in Table 453-200 as follows (unchanged vows not shown):

Tabie 45-200-—Auto-Negotiation MMD registers

Register adifrass Registor paxae Subelause
& 8«& Lplane b 1 BASER copprerstabn 3 7 432708
TA030 through TR lu’m ed

Copyright © 2017 IEBE. All rights resemved.
This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.

5
i

Ly

Marvell Semiconductor, Inc. - Ex. 1002, Page 000134

A g Rl hees

o

-~k

T e

ol
29
3

36

o



Uraft Amendment 1o [EEE Si¢ 802.3-2015 JEEE Draft PRO2 300012
IEEE F502.20d Task Foree 3 Fabesary 2047

45.2.7.12 Backplane Ethernel; BASE-R copper status {Register 7.48)

Change the title and foxt of 4327123 {us medified by TEEE Std 302.3by-2016 and IEEE Std 802.5¢h-
Y as follavws:

45.2.7.12.2 Negotiated Port Typa (¥ 48.1, 7.48.2, 7.48.3, 7.48.5, 7,488, 7.48.8, 7.48.8, 748 1%,
7ASM, 748,12, 7.48.13, 748,14, 748,15, 7.49.0, 748.1. 748.2)

When tha &N procoss has beon completed a5 Indicated by the AN sompleie bt these bily tnregisise 748
and register 749 indicate the negotisted pott hype.

Fusert 4537120 after 43.2.7.12 as followy

45,2.7.12a Backplane Ethernet, BASE-R copper status 2 {Register 7.49}

The sssignment of bits i the Backplane Bihermet, BASE-R copper status 2 vegisier is shown in Table 48—

J.

Tahie 45-20%a--Backplane Ethernat, BASE-R copper status 2 register (Register 7.49) bit

definitions
Bis) Mame Description RO®
TARIES Besepied Value always & RO

= PAMAPMIE iy negotiated 1o porfam 0GBASE-RKR  op | RO

”0{3{*? R
it = P ) is pot pegotiated }}t‘l‘f{} fy G B ASERKES
. wp G R4 .

TARE 1= PMAY mm s megotiated fo porfam HWOGRASEKR I e | RO

LEE
aot negc Hated 1 perform HHGBARE-KE2
7498 QOBABEKR ar 1= PRMAPMD is negotiated to posforin SBGBASE-KRE o ROy
\*}(:h ABE-CR AOOGHS VR

{1+ P ¥ iscrnt megotiated to perfomy SOGEASIKR or
SHOBASE-CR

SR = Read only

48.2.7 43a.1 Negutiated Port Type

Seed3 37022
Cagpright © 3017 IBEE. Al rights reserverd
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48.5 Protecol implementation conformance statement {PiCS} proforms for
Clause 45, Management Data Input/Qutput (MBIO) interface’

485,53 PICS proforma tables for the Management Data input Quiput {MDIO) interface

45.5.3.3 PMA/PMD management functions

Insent the fotlowing row at the end of the sable in ashuaged rows st shovwnjs

Hem Foutare Subolyse Vidua/Comment Stafus | Support
Yosid
WAL

Copyright © 2017 IEBE. All rights resemved.
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89, Introduction to Ethernet operation over electrical backplanes

69.1 Qverview
69.1.1 Scope

Changs the secand porageiph of 69.3.7 (a5 predified by IEEE 86d 80233200 andd
FEEE S8 893 3cD-30x}-us follovws:

Bm\pianc Exl e suppmm ithe 1EEE 5023 full daplex MAC operating ot 100 Mbs, 235 Gbis, 5 Gbs,

18- Ghis, s, or 100 Glyds providing a bitenir ratio (BER) better thay oregual o 107
E g . - e N R . O 7N 3 gy o : . 433
T oat ihe XM P,i;s service interfaos or 200 Givs providing s BER better than ot equal to 1058 st the

MACPLS sorvive Interiace The following Physical Lavers ars supported:

Change the Hist gffer the second paragrapl of 0911 us follows (vomis womodificd Hst ftomy are apt
show):
SDGBASE-KRA for 40 Gbds uperation wver fonr fanes
e SOGBASE-KR for 50 Ghis operation over sng lane
o 1(*0&353&%1 BR4 and | U&CB»’&%&K% for LR G npr.mizcu aver four laney

e 200GRASE-KRA for 200 Gbis operation over four lanes

69.1.2 Relationship of Backpiaire Ethemnet 0 the iSO 08! referenice madat

Chepge the first pavagraph of 6%.8.2 fas modified by IEEE Std 802 3bv-201x and
JEEE Std 803, 3ch-208x} a3 follows:

Backplane Ethernet couples the IPEE B02.3 MAC 10 a family of Physical Layers dofined for operation over
clectvieal backplanes. The refationships awong Backplane Eiherogd, the IEEE 8023 MAC, and the 150
Opon Sysicn Intercpanestion (081 rofronce moddd we show in
Land Figure 594,

Copyright © 3017 IEEE. All rights reserver.
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frexert Figure $9-4 after Figare 6820 oy inserted by JEEE S1d 882.3cb-201x) as follows: i
3
3
ETHERNET 4
LAYERS 3
! | 6
HIGHER LAYERS ,?
. LLC OR OTHER MAC CLIENT 8
sl f : 9
REFERENTE § MAC CONTRUOL @PTK}NAL, (
LAYERS i MAG it
. 12
. ) RECONCILIATION ; ;2
AFBLICATION {0} {3
i 138 3 ik [p Rt 4
orEsEnTATION] | f SOSME e TSR i ZOOGIMBY e . e
—— i SOCRASE-R POY HOGRASE-R POY } e
SESSION P ZHCRASER PCE Lx
: 1y FEC : FEOG 17
RANSPQ iy - , - 1 i

TRANSPORY 4y FMA PMA FMA S PRy £
o i H Y TN
NETWORK |/ PAID PAD PMD ; i;
pATALINK | AN AN AR ] 3
PHYSioa WD~ LR DN i 23
ORI . e o onss o . 3
MEDIUM < ‘ I MEDIIM, <o 24
: Ty b ¥ ’ 28
SOLBASE-RR HOGEASEHKRE J00LHASEKRY 26
ZODGMH = 200 Gbis MEDIA INDEPENDENT INTERFACGE  PCS = PHYSICAL CODING SUBLAYER 7
SOGHE = 30 Gh/s MEDIS INDEPENDENT INTERFACE PHY = PHYSICAL LAYER DEVICE W
A= AUTO-NEGQTIATION PMA = PHYSICAL MEDRIM ATTACHMENT &8
COMI = 100 Glis MEDIA INDEPENDRENT INTERFACE PMD = PHYSICAL MEDIUM DEPENDENT 29
MO = MEDIUM DEPENDENT INTERFACE FEC = FORWARD ERROR CORRECTION 30
LA = LOGICAL LINIK CONTRODL “
Figure 83-—-4—~Architectural positioning of 80 Gb/s, 100 Gb/s, and 200 Ghis PAM4 32
Backplans Ethemet 33
M4
s
3k
Change the lefisred Tt affer Figave 692 {as modificd by IEEE S6d 802389201 x and 2"’
TEEE Std 802.305-201x) as fidlowy (sope puchanged rows not shawin)! z Z
40
$
H 43
43
4%
W 46
X rcsgecm ghy, 44
) ih(* F\iﬂ\ sorvige immm,c uiudg &hm gﬁnaimii* implormcated ax XLAUT (30 Obfs Attachaont i
Um: imecria c}—@f as ( A&H»»@ {mt} shis mxmi\mn Attachrment Unit Interfaced_or ss 2000A04 51
i 3 erien at uﬁ obam‘mis mtawmsmttm} jrorf, ases a four- 32
 respectively. 53
54
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¥ The PMA ssrvice iterface which: whon plaesioally inmslcaneniod as 200GAURA {206 Glv's oichy i
lane Adiachment Unit Interfiics) 8t an obsenveble Inforcdnnoction port, yses wn siehi-lane data paik 2
agspecified in 3
i) ﬁk. ?\iﬁ& semcc mmi'iu: a‘nch Wi ht.!l \} Ay mmﬂh Lm;}hmermd as C Abi-m (SQB (zb § tene i(mf: 4
&
6
K} 7
b Tht. Mi‘)i for }{){}UBA‘»&KR" 1568 LI awi,mc dm mﬂl i
sy The MDis for JOGBARE-EX4 _4DOBASEKR4, _IOBGBASE-KE4, IGOGBASERPS.  gud it
200GRASE-KRS v 2 fous-dane duta patly 12
13
4
13
9.2 Summary of Backplane Ethernet Sublayers ;fj
68.2.1 Reconcihiation sublayer and media independent interfaces ig
¥
Change 69.2.1 {ux modified by IEEE S 882.30y-20x) as Jollows: “(;
T RS and GMIL the Ol 40 RE and \{s\ifl the ¢ & RS and 23GMIL-end the :;_%
LG and COMIE (he ; ; ' A and the LIRS snd 0GR :;4
are einployed for the sawie putpose in Backplane Bihernet, that being the interconneetion between the MAC :;
sablayer and the PHY. (?6
3 X
£8.32.3 Physical Layer signaling systems %2
9
Fuvest the following sew paragraplt affes the fourth paragraph s 6223 fas inserted by 3 i
TEEE Sid 893 3ch-381x3: o
Backplane Eiheraet also spectiies MOGRASE-KR, HOGBASE-KRZ, ond 200GBASEKRY. The z‘;
SOGBASE-ER subodiment ernploys the POS defived o Clause 133, the RSTFEC delined in Clase 134, the N G
PMA dofined in Clause 135, and the PMID defined in Chause 137, and specifies 30 Gbis cperation asing - %_‘
fevel PAM overone differential pativin cach divection. The 100GBASE-KR2 avbodiinant eiaploys the PCS 5 x
defined: in Clause X2, the RSFEC deflned e Olinse §1, the PMA dofinsd in Clawsy 135, and the PMD ;5
defined i Chase I“\T and speeifies 1R Obfy opetation axing $-leved PAM ovey o differengal paths i 4:'}
cach direction, The 200GBASE-KR cotbodiment employs the POS defined n € . the PMA 41
defined in and the PMD defined i Clause 137, and spectiies 200 UGBS aperation wsing $-level P
PAM over four differential paths in cach direction. 4;
4%
Chunge the last pavigraph in 69.2.3 {os wodified by JIEEE Std 802.3bp-200x and IEEE Std 802.305-381x) 4{3
as folfows: e
Jollows 48
i
i miﬁ, H%20, Table 69+Je, and Table 6224 ;ft’:
specify thr: cmn,iatmn in,m R mmmdaum and clauses. A somplste mplementation onforming e g or ﬂ
more nomenciatures meets fhe requirsments of the conesponding clatses, e
34

i1 Copyright © 3017 IEEE. All rights reserver.
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figxert Tuble 5928, Table 609-2¢, and Table 68-2d ajter Table 592 (s fnserted by
IEEE Std 803 30b-301x):

L o

&

-~k

Table 69-2b—Nomenciature and clause correlation for 50 Gbis Backplane Ethemet
Physical Layers

27

-

o o

Clause®

78 132 13 i3

i
La
h
[y
S
o
o
LIV
A
-]
P
1223
P
73
Lasd
Los

2

L

Ko

Nomenplature

ot o o s s oot
A

SOGBASE-KH PRID
o w

ABGBASE-R B5-FEL
SGBASE-R PMA

SOGBASE-R PUS

LAUERZ O
HGAUE 020

SOAT €20

5;,‘,"3

G

R&
&

o
ena

M

<
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e
7
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=
T
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st
o
"t
-~
b
i
Za
b
2
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3
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[N T
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Gy
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Table §8-2o—Namenclature and clause correlation for 100 Gbfs two-lany Backplane Ethernet 29
Physical Layers 30

o Gl , , e e

81 138 | 1388 | 13%h

o
e
5
7
>
a
S
7z
o
%
Z

ot
S
Y
£

36
Nomenciatiure

IONGBARE-R BS-PEC
HWOGBASE-ER2 PMD
oy
e

HOGBASE-R PUS
FERGRARE-R FMA
CAVL-18 €2
CALLS C2C

1 imﬁ&&ﬁ’&-f{’ PMA
HNGATS O
1H00GALE2 C2C

160001}

M

e
N
e
o
-
-
"t
~
em
=
7z
s
-
basd
-y
it
g
oo
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Table §8-2d—Nomenciature and clause correlation for 200 Givs Backpiane Ethemet
Physical Layers

Clagse®

7% 1Y BRI L TN el 17

£

. o s 3 &
MNotpeiwlatars x 5: ,;{ ?:; ﬁ
« w0 L X

= % %15 5%

E S O S - S

B i = = & 2 & X

B & 3 P ey 5 B -~

2ENGBAREERE £ M QO M 2] (3 DR M

5= Umptionad, M = Mandatory

§8.3 Delay constraints
Iusert the follvving paragraph after the fourth paragroph of 68.3:

For S6GRASE-KR, nuvnaibee debyy specifications naay be and i 13204, 1333, 13554, and 1375, dnd
also referenced i 1314

Freverd the following paragraples gfter the @xth paragraph of $9.3:

For 1DOGRASE-KR2, nonnative delay specdfications nasy be found e 2 58, 13884, and 1375, and

alao refevenced fn 304,

For 20GBASE-KRA nommative delay specifications may be fotnd in 18 4oand 1318

and abso reforonesd in 1164

69.5 Protocol implementation conformance statement {PICS) proforma

Change e first pagagraph of $9.3 {as sodified by IEEE 8ed R02.3bp-2015 and IEEE Std 8823cb-201x}
ax foflows:

The spplier of & protoced it
£ through 3

by

nplemeniation that s clabmed o confoom. o guy part of IEEE Std 8023,
< y 3 o %

. o X
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73. Auto-Negotiation for backplane and copper cable assembly

73.2 Relationship to the ISOAEC Open Systems interconnection {OS1) reference
model

Replace Figure T3 fax modified by IEEE Std 862 3bp-2016 wnd IEEE Sid 803 3¢h-301x) with the
following:

ost .
REFERENCE ETHERNET
MODEL LAVERS
LAYERS
HIGHER LAVERS
ARPLIGATION S LOSEAL URNK CORTRAL
. i OR OTHER MAG GLIENT
FRESENTATION U ) -
71 MAC--MEDIA ACCESS CONFROL
SESSION i RECONCILIATION
” 4 TG, NGMIEL 25GME, XEGMH
T TN ; 3 3 i
i P L B SOGN, COMY, or 200GM
NETWORK |/ ;* o
# . _PMA
ONTALINK | " “1 sﬁ'm
PHYSICAL M’:} s LJ

AEDILIN *‘7
1 Gbie, 2.5 Gie. b Gbfs, 19 Gls, 25 Gbfe, 48 Cb,’s, B Glle, 100 Guls, or 200 Gbie

20068 = 200 Gb's MEDIAINDEPENDRENT INTERFACE . WD = MEDIUM DEPENDENT INTERFACE
25EMiE= GHEABIT METHA INDEPENDENT INTERFACE PG = PHYSICAL CODING BUBLAYER
EOGMIE= S0 Ghis MEDIA INDEPENDENT INTERFACE PHY = PHYSICAL LAYER DEVIQE

AN = RUTCGNEGOTIATION PMA = FHYRICAL MEDEIMATTACHMENT

CONIE = 100 Ghis MEDIA INDEPENDENT INTERFACE PG = PHYSICAL MEDIUM DEPENDENT

G = GIGABIT MEDIA INDEPENDENT INTERFACE XOM = 10 GIGABITMEDIA INDEPENDENT INTERPACE
R0 = MEDRIM DEPENDENT INTERFALE XLGMI = 40 Givs MEDIA INDEPENDENT INTERFACE

Figure 73~1—Location of Auto-Negotiation function within the ISONEC O81
reference model

73.3 Functional specifications

Change the thivd pavagraph of 73.3 (as modified by IKEE Std 8032302016 and TEEE Sed 882.30b-201%)
a8 follows:

These fmctons shall comply with the state disgmns frony § & through e The
Auto-Negotiation.  Omctions  shall  infersct  with  the uchmmuxndnpmdem PHY s through the

'&Lh;mim@ Dependerst iIiif,i‘id&iL {san. ?

'Im.hnﬁiﬁ W»‘i)apendud ?H‘rs arg those s
<\ma> \L.».;gtmuon DIOCESS £ : B ASER RS
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73.5 OME transmission
73.8.1 DME electrical specifications
Chiasige the second paragraple of 7381 s follovs:

For any multi-lane FRY, DME p
shoutld te dissbied s specified in?

ages shall be transpittod ondy on lans 0. The transniitices on other lanes

PR NN 168 or 13T R T

3.8 Link codeword encoding

73.6.4 Technology Ability Field

Change Tahle 734 fay modified by EEEE Sed 02302086 and TEEE ¥td 882.3ch-201x) as folfows:

Table 73-4—~Technology Abilily Field sncoding

Bt Technolagy
A T HEASE-KX
Al TOGRASEKXS
Az HIGRASE-KE
AY <§f}§i§-§$§;&i\fiﬁé§§i§$ '
Ad JOGHASEATRY
AR HIGBARE-URIS
Ad TOUGBASE-KP
X7 :
A¥
Al

FAOBASE-ER oy BSOHASECR
T SGRASERN
SGRASEKR
SOGBASEKR or SOCHASICR
I0GRANE-KRZ of 100GRASECRZ
IOOGTASE-KRY ur J00GBASE-CRA

t‘hx;m:sh A2 Reserved for Rdue ochookopy
LAY S s
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Replace the thivd paragraph of 73.6.4 with o nete und change the fowrth and fifth pavegraphs fas
modified by JEEE Sud 803.30p-2816 and TEEE Std 802.3¢5-201x) as follows:

Fer-25-Ghiv-apertion-te-sme-hifs-are-ased-1o-ndventise Suckplase-and wopper-cable-issambly oportion:

SOGBASE-CRG-100GRASE-CRIOAUIGRASE-CRA,.

NOTE- Provious editions of this stassdard probibiied advestivemers of PHY s that soppost dpeoitione over cleciog] backs
plages with PHYs that support operation over sopper able ssseublies,

ARGBANEKEAS ghilities are ssubset of 25GRASE-KR ahilities, and lkowige 25GBASE-OR-S ahilitiex are
4 subagt of ZSGBASE-CR abilities. To allow mfcroperation bebweeh 23GBASERR-S and 25GBASE-KR
PHY tvpes, and botweon 23GBASE-CR-S aud 25GBASE-CR PHY tvpus, o devics that suppotis
ISGRASEAKE or ISGRASE-CR shordd advertise both AD and A LS ability bils dusing acto-negotiation,

The fields A2 63T are reserved For fare wee. Rescrved flalds shall B sent ay woro and ignored on
TECRIVE..

¥3.7 Receive function requirements

73.7.1 DME page reception
Change 7377 (as modified by IEEE Suf R62.3bp-2016 und IEEE Yid 802, 3cb-261x) us followy:
To be ghie to detect the DME bits, the m:m £r shcmtd h:m: ihc a.apabxim ® m,cm D\&E smmi& sf:m W ni

the slectrival specificatinms of the ?H‘%’ B
R%E&Sii‘%_l%% : VS
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This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000144

L

-~k

§it

it
21

o



Deaft Amendment 1o IBEE Sid 802.320145
{EEE P02 .3cd Task Foee

73.7.8 Priority Resslution function

Change Table 73-5 {ay modified by IEEE Sed

IEEE Draft PROZ S0d01.2

33 Fabruary 2017

882382015 and IEEE X¢d 862 5ch-201x} as fallows:.

Table T3-8--Privrity Resolution

Privrity Technnlogy

Capshility

Jounis

2O0GBASEK By 200GBASRECRS

Y G 4 fane hughost priovity

2 FOOGHASE-RRS or IN00RASECRZ

100 Gy X lans

3% HINGBASE-CRY

H0Q Ghay 4 anerahestprianty

32 HORGBASE-KHS

O Ghis 4 lang

HGGRARE-RP4

P00 Gl 4 T

LO0CIS MY fane

0 | lane

86 AGRASECHA

SO Ghes o ange

& FOUASH-KRS

FH-OBsS $lane

ZRGBASE-ER oy 2SRASEAD

28 ¢ibds | fene

ot
& IFGRASE-RE-8 or Z3GBASEACRAS

25 Ghiv 1 lang, shiori reack

HOGBASE-RR

10 G 1 lane

2
1338 HIGBARE- KX

D 4 Tae

it MHARE-RR

S bve 1 ane

1542 | ISGHASEKE

255005 ae

03 HORASEEX

P Oha b lane, fowest priorfty

73.10 State diagrams and variable definitions

73401 State diagram variables

fnvert the foflewing variables & the varialls B by adding J0GR, 100GR, and 200GR of the approprigte

place.

SOGER;
0GR,
IROGRE

ropresents the SOGRASE-KR of 30GBASE-CH Py
reproscatys (e TOOGBASE-KRZ or 10COBASE-CRZ PMD.
reprosents the 200GBASE-KRA or 3D0GBASECRS PMD.

Copyright © 3017 IEEE. All rights reserver.
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JEEE PSIR.30d Task Force Zrd Felwuary 317
frissert the following entvies i the single ink rveady status of the appropriate place aud renambes the i
existing sntrisss 2
3
23 Hak,_status. {SOGRI=0K "}
B4y fink_ststis {HOOGRY] = OK *
15 tink_status_{200GR4] = OK 5
g
e i o
73.10.2 State diagram timers 11
12
Chunge the lnk farde tnkibit fmer definition as fellows: 13
Hak il inldhi simer ii
Tier T quadifving 4 ok stares=FALL mdivation o 2 fnk_statis=0K indication whan a spe- }'i,
cifie technology Hok ds firel being extablished. & link will onty be considered “fafted™ he ok ~ ii‘
il inhibi fimer hos expived and the Buds hay sl not gove into e ok statoe=QR slate, The 17
Hak fhil inhibit timer shall sxpive within the ey values etven in Table 737 JB-aveto-30-0% i%
afer gntering the AN LINK- GOOD CHECK state-s ke 35 HOODBASEHX -ap iz}
: TN 3 i3 b B 44 &l
RO she-The-tak-fpii-iahdbi >4
22
3

S

"4t

B3 b B b
R

o

Copyright & 2017 [EBE. Al riphts reserved.
This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000146



1 Draft Smendment 1 BEE Sid 802.3-2018 IEEE Oraft PROZ. 308312
{EEE P02 2cd Task Forge B Fabjary 2017

Change Table 73-7 {us piodijficd by IEEE 31d 802.3cb-201x) as follows:

Table 73~7-—Timer mindowEx vaiue supusary

L R R O

o

Value and My

Paranwier R
tolerance

-t
haX
S
2
Ea
3

£ o

-

aufoneg walt limer 3 3B s

o o

hreale Hd thaer 60 73 T

chock sledint omn thnee 48 #2 ki 12

clock, detect yoay, timt &6 LR Y ny

daty_detect nin thmer L& 3 wa 15

datadeteut e ey 34 4.8 I8

el Beney Z22UBI% an 8

L

B0 518 s

Lot fnd b
e N

53

2SGBASE w 0 e 33
1068

page oSt e tiner 343 BRI i1

L4y
3
¥4
s
%
S
N

plge test eyt RISE

o

i1 Copyright © 3017 IEEE. All rights reserver.
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73.11 Protoco! implementation conformance statement (PICS) proforma for

EEE Divaf POOZ ScdiY 2

Id Febyuary N7

Clause 73, Auto-Negotiation for backplane and copper gable assembly?

73.11.4 PICS proforma tabiles for Auto-Nagotiation for backplane and copper cable

assembly

73.114.3 Link codeword encoding

Change table to delete PICS e LETE s follows fnuchanged rows not shown);

sopoeruahle

fem Frature Subulause VdweComment Stutus - | Suppoert
Fdd¥ Fi M Hos-f4

73.11.4.7 Staie diagrams and variable definitions

Change Fabls (vs prodified by IEEE Std 802 3eb-201x) as follows funchanged soves no¥ shown):

Brem Feature Subckase Value/Corament Status. | Support
FS N Haek, fil nbibdt Yhwer 733102 § & Vet

P and iy fhetlicy publish e songdssd PICK.

af g stadtand ey Seelv repro
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Deaft Amendment 1o IBEE Sid 802.320145
{EEE P02 .3cd Task Foree

78. Ensrgy-Efficient Ethernet (EEE)

78.1 Qverview

78.1.4 PHY types optionaily suppotling EEE

Chunge Yable 381 {ns modificd by IEEE 8td 8U2.355-200x) a5 follows Gowe wnmadified raws wot

showni:

IEEE Draft PROZ S0d01.2

3 Fabriary 2017

Table 78-1—Clauses gssocigted with sach PHY of interface type

PHY vrintorfave type Chiyse

INGRASEKPE

HGRARLERY

INGGRASELRE

HORGEARE-RR1O® §28E 8

TOIGRASESRS

0GTA

HRGRANEDRE

INGGBASELRS

HGRASR R

ADGRASEERS

2O0GRASESR4"

2VGGRASE-DRE

Hen shutdown @ supported coly whes deep slesp s
g ansoeiated FHY

Bt deep shoeps made of BEE I8 uot supported for tis PHY.
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JEEE POUR. 30 Task Force

78.5 Communication Hnk access latency

EEE Divaf POOZ ScdiY 2

Trisert nevie pepe fnto Tible 784 below the row for 40GBASE-KRY funmodificd vows nof shownd:

Table 78-4-Sununary of the LP tindng parametars for supported PHYs

Zed Febwuary 37

or interfaces
| PHY orinterfice Tagry | Towsmmee | Tomeswnsre | Twomo
o t&pe a Case {min} (s} {max} {min}
i fus) N s} fu
L SHOBASE-H g 834 02 8 i $.35
ek

Copyright © 2017 IEBE. All rights resemved.
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80, Introduction to 40 Gbis and 100 Gb/s networks

8.1 Overview

§6.1.3 Relationship of 40 Gigabit and 100 Gigabit Ethernet to the 150 O85! reference model

Change the yeeond parageaph in 80,13 as follows:

While this spacification dofines interfaces i tering of bita, octets, and frames, implomeniations wdy oo
giher data-path widihs for inplonsaiiion convenionce. The only oxcoplions e as follows:

8

by

<)

.

f

The XLOME and CGMIL which, when bnplontented s g Jogics] lierconneciion pott between th;.
MAC sublayverand the Physical Layer {PHY ), uses 2 64-bx wids dats path as specified i € L.
The wrunkgement iterface; which, when phisically dniplomented as the MDIGMDO {Mmawmm
Data fupettOuiput and Masdgeient Data Clock) at an observable interconnsction per, tses a bt
wide data path asspecified v Clause 43,

The PMA service imerface, which, when physically implemenied a3 XE (36 Gbis Attachiment Unit
!mcs ﬁ:\c».,} o1 (?M"‘M 'm-‘ 1{}%;\ =} ,4 {mn G‘b s ﬁ:surai%m &tmcﬁmem Unl imumce) # <m

L DY A

‘The PMA service wterface, which, when physicadly implemented ax: CAUL-EG (100 Gy tep-kuie

Attachment Usit Inlerfice) 3t an. ohs»ndbx inferconnection. purt, wes & 1 lane g patl o

specified ma O 8,

Th‘. F‘\?A S8IY e nmﬁg«.c uim,h when_physically_tmplemented as 00GALLZ mm by, s
¢ e ; S e interconvection por, wsesa S-lne & g

£

specitiied in Amm b Y\F orAnney 135G,
The PMD service interface, which, when physically buploented s XEPPT {40 Gbis Pavalied
Ph‘x s:aik terfice) at ait observable interconnection peort, uses 2 4 ldne duty path us specified In

“i“he S’\ﬁ) serviey fnterface, whish, when physivally mplenorged a5 CPP {100 Gbv's Parallel
Fhysieal Interface) ut an chservable interconpection port, vses ¢ 10 lane dutn path s specified in

Tor JOGHASE-FR and Clause 180 for 100GBASE-DR uses &

The MDis as specifiad i 4

stngde Jang data path.

The Mbls as specified it: {

< * for JOGBASE-]

100GBASE-ERYS, in ¢

4 fane data path.

The MDls a8 specified in €

se # 10 lano data path.

Although there is no electrical or mechanical speeification of the MIDE for backplane Pliysieal Lay-

ers, the PMDS g specifed tn Clags 84 for AGORASE-KRS. in Clyase 83 for 100GBASE-RR4, and

G for 10OGBASE-KPS aff use a 4 lane data path:

Tfk ?\ﬂ:}is asspecifiod fn Clavse 136 f0r INOGBASE-CRE, i Chanse 137 for IDOGBASEERZ. and
i Chase 38 o JOOGRASESR2 sl nse . 2-bane datn gy,

v for 4UGRASE-SRL. in
for. 100GBASELRS and
for 1ORGBASE-SEd sl usea

8Y for HOGBASE-(RIO, and in O

85 for IONGBASE-SRIO

Copyright © 3017 IEEE. All rights reserver.
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80.1.4 Nomenclature

Change Table 88-F qx follmes {some wnchanged rows not showid;

Table Bi-1--40 Gbis gud 100 Gb/s PHYs

HIGBASE- LIRS 30 4%
Sihey withore

ach ap 0wt least 40 km (& 85

HIOGHBASE-BR {8{? b%\ 3 i‘H b1 u\mu i“f\!i,r}‘af\*xi i\mms:hm' ( sa\iw 9‘ RS EI G and Ak mtia
uplitude § B % : ¥ e ;

JHOGBASE-ERS mu (zi) {’H‘) v\m« 1008 :-}M%E-?—R x:eamdm; ( }uu\e 9‘ R‘s- {S( ﬂnd 2 ifs ul ;mi«f:

JOGBASE-EPS ‘ OUTRARE sxding C‘Eanﬂc ‘}i Eé‘a FEC and d-level pifeg
£ s, with 3 (sl dserbion

FOOTRASELCRY

FOMGHIARELCRY HE-Gls PRY paing HGBASE-R encoding and Chuse 93 REFEC over S lanes
of shidlded balinced vopper dubling, with veact by fo at oo Sm g

FASESCR Y H G PHY
copper sabling, wi

fe HEIGBASE-R encading shieddid batancod

vk up woatdeast T i

1 anes of

HGBASE-SRIG i{*i} (‘}b._«"a PHYt ii 3 R encoding over ton laney of muliimede fiher, with
w8

HIOGBASE-SRZ averbee ks ol mnlineds e wih

JGBASE-SR4 00 4Ghs PHY msing LIGBAS
regeh i £ at laust o {voe Ul 99

IOOGHEASE-DR

HORGRABELRA

80.1.5 Physical Layer signaling sysiems

Change the first paragrapls of 80.1.3 ax follows:

Copyright & 2017 [EBE. Al riphts reserved.
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This standard specifics » family of Phyeical Layer implomentations. Uibie 882, Table 883, snd-Table 8-
4, and Tabde 8044 specily the correlation betwseen nomenclature and clauses, Toplomsniutions conforming
iy Ong oF piote nomenciatnres st micet the requirenients of tie corresponding claussy,

Q3

Change Tuble 893 g follows:

Table 3i-3—Nomenciature and clause correlation {100GBASE copper)

Chyuge®
; ~ o - " RO JWES Wil B L s e s
RIELE X g R N “Z’: % :‘f: E ]
« & aigla '
Nomenghstwre | 2 18 & EiE IS 8 iniwinle

TR i Bl O Eloigigigisaiuivig g
R Ml EIEIR I iRl ElE i sial el oW e
Gigivw i BiaglaldlslCiRIYIg IS i dlal B8l
o= ¥igigligl8siBlgigisisiglsiesigls
2% MiSPE U MRS IR il sl Bigigi TR
ER $E 2 S8 818121218 8
M QMM ES I ¥ M Moy 14 M

| GRASERRY | e olMioinIMIin ¥ M

| JGOGBARRERL | M gidMiolnmioioin M | M

TOUIHARE-CRS fiS4 oM MM a PO MM

ppoBasECREie i M D i Ml oI IMIa oM

Br= Optonad, M= Madators.

Change the title of Table St-J ay fellms:

Table 80-4-~Nomenclature amd clause correlation {I00GBASE-R optical)

Copyright © 3017 IEEE. All rights reserver.
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Frevert Tuble 80-3g after Table 803 as Jollows:

Elasve™

s a ST . Gl bl Biels
¥ N 1y oI EIgrE s E I8 2

= bR R - "
Nampeselature £ 218 R ] & g

<% = 5 oy S [ et e w
R A - W S G s i B @ foex fosmlo®
s, BiIE 2222 B ZiTizlalalet
foN 4 by -~ Eor ot b * ey P o e x o
B L B B S 7 B N B - 3 RO - B S = . RO R
nigifisi g gisizizlislsigg
Fiw W Blgigigigigi g
g EiEl gl E|E 8

E =

&} M 3 0 €3 [a] £ 0o M M (¥ (&) O I8 hal

£ M 3 0 3 Qi oraQ M R {3 ¥ (3 Q M

3= Optional, 4= Mandstory,

80.2 Sumimary of 40 Gigabif and 100 Gigabit Ethernet sublayers
86.2.1 Physical Cading Sublayer {(FCS)
Change the text in 8821 as Jollmwse

The torms $0GBARE-R, TOUGBASER, and 100GRASE-P vefer to & specific fumily of Physteal Layer

ifications. defined in
denodingy of duta fom (i) the 3 GMIL (¢ 648668 & cic i c,kb d 3t ibim, ﬁxc d:tm 10 mum;}ie
fanes, and tinstir tie coacoded didts to the BMA.

86.2.3 Forward Error Qorrection {(FEC) sublayers

Change the first pavagraph fn 830.2.3 as follows:

A Fﬁrmsm Ermr Cmmm'izm s:ub}mfezr ik

, and

i{ %BA\F% Rm ?H‘s"§ aad man{iamr” ior RNSQJBA\F CI«‘:A t*{}EsBA% .‘-?4 3{3\"4 ;8»5\\ £
TDGBASE-RR4, 100GBASE-KP4, ID0GBASE-SRY, sad-IWGBASESRA, sud IESGRASE-DR PH”&b
The FRC sublaver cun be placed fa bttw:w the POS and PMA sublayers or between two PMA sublayers.

80.2.4 Physical Medium Attachment (PMA} sublayer

LChatige the second pavagraph of 88.2.4 ax followes:

Copyright © 2017 IEBE. All rights resemved.
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The HESBASER and IDGGBASE-R PMA ars speoified I O% o The PMA specific fo tke
1(&(:&3&5&3&?4 PHY is specified in 4, The PMA_for ottier 100GBASE-P PHYS is speeified

88.2.5 Physical Medium Dependent {(PMD} sublayer
Change the sveond paragraple of 88.2.3 gy follows:

Ti c4tihBASE-R §(m{,eﬁS\SE—R am} I(m{.sBﬁ\Si:“»? PM‘S)S and their corresponiding veslia are specified
! $4 through O e 9% thvough O So Cluuse 136 throueh Clase 138, and
Clause 140,

88.2.6 Auto-Negotiation
Change the second paragraph of 88 2.6 ax follows:
Clayse 73 Auto-Negotiation ds exxd by the 40 Ghdy and 100 Gbds backplane PHYY (40GBASE-KRS,

TOOGBASE-KR2Z TOOGRASE-KPY, and 100GBASE-ERAY and the 40 Givs and 100 Gbis copper PHYS
{AO0GBASE-CRA, 1DOGBARECR2 IDGGRBASE-URIG, and 1DCGBASE-CR4),

Copyright © 3017 IEEE. All rights reserver.
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80.4 Delay consirainis
Change Tahle 80-5 a5 follows (ome unchanged rows not shovend:

Table 80-5—8ublayer delay constraints

Muaximum Muaimum - Maxinam

o PN, N AP

Suhlayer it timel | (peuse_guata)® | (aw) Nofes
LOOGBASE-R PMa R 13 9216
4316 18 9216

A0 & 4R

3,

E Sf.,«‘g ‘i.?"h*.

HHBASE-KREPMR 248 =3 2048
T IRGBASE-KPY RIVZ 1o {183
CEMATPMD
JR0GBAS! 4086 3 4096
CIOOGBASECRA PMD 2048 4 2048 Povsooting
i e
WGBASECRIC RMD RER i 928 | Doos oot i
medinm. Se
HOGBASERRIPMD Y 4 - Ias | inchudes Yol Bber, Sex 1583
HIOGIARE-SR4 PIMD) 2048 4 J04R Feludes 2w of fher See
HINGBASESRIN #5340 Ha¥ E IR fnchudis 3y of fiber. See B8 A1
SEOGEARILTH PMD 2ME 4 LR Inchedes T ot Bber See 3985,
I0CBASE-LES PMD 28 3 048 Includes 3 nuof fber See
OGRS 7 ‘{H’% o 4 o 7:7 V ‘U ~'§V‘<‘V fn;hxém 2o of fiber B

SR 1 bitiime }i}mequam\ {rps Bee 1 417

‘iorémi \ eR L it ‘iﬂm srﬂ 3 u;ua} E“f”‘ 28 dﬂd mri!ﬂ)m}f&\

imnmm fs gt to 12,8 as and for OUCBASER, | pause_quantuny is sgmatte 312 se

aition GE PSS (guvaa.)

& %hmsl(s ﬁ)h&. h:, & diserepaney betwsen this 1bde snd the delay regbrerents of the mlevant suldsyee el the
sublayer clanse provely:
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80.5 Skew constraints

Raplace Figure 08 seith the following Feure:

Ll A YR hees

o

~d

27

-

MAG AND HIGHER LAYERS

REDONUILIATION

o o

OEME S LA

[

TOCRASE R POR 1ODBBASERPCS
OPMAQIER PAA (20:)

i

Ko

CAL0 or CAURE ——p i CAUMD S CAULS
sPo gl 18 sp7 SPO gl b spy T CAUMIBOrCAUS

PRA 2 SR (7203
8S-FEQ RE-PEC
PMARA FRAA 4

Goat  fent: gk wodi hoot s ek

)

P
Lo

o
Fasd

DA Gl _ {ORGALR oY -

&Pt + . A SPe : SPE gl b spy . FOORALLS

1 oPaaEs | | ramn | 22

PuD SERVICE ) PRID SERVICE 23
INTERFACE T osprdl dsges _spayl hses ¥ puTERRACE pZ)

PMD | } PMD | 28
ML= sP3 e (4 5P4 SP3 4 (B SPA e T =
"3

| MEDILIM < ] MEDIUM &

N ; > :3(
R z N - e 29
TOOGRASE-RS IOOGBASE-P

{00GALER2 = 108 Gbis TWOLANE ATTACHMENT UNIT MO = MEDIUM DEFENGENT INTERFAGE
INTERFADE POS = PHYSICAL SODING SUBLAYER o
FOUGALIS = 100 Gbls FOUR-LANE FEC.RATE FIA = FHYSICAL MEDIA ATTAGHMENT 33
ATTACHMENT UNIT INTERFACE PMD = PHYSICAL MEDIUM DEPENDENT 34

CAU = 100 Gbis FOUR-LANE STTATHMENTUNIT RS.FEC = REEQ-SOLOMON FORWARD ERROR X
INTERFAGE CORRECTION 3
CAUR10 = 100 Ghi TEN-LANE ATTACHMENT UNIT mE2ord 36
INTERFACE =4 or 40 37
COME = 100 Ohis MEDIA INDEPENDENT INTERFACE ot m,i %
WSS = MEDHA ACCES S SONTROL B < 3%

Figurs 80-8—1DRGBASE-R Skew points with RSFEL, CAUI-n, and 100GAULn 40

>
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Change Tahle 80-6 as follows flable footinotes not showsy:

[EEE Drafl FE0Z SediDy 2
Zrd Febwuary #0317

Table 80-8--Summary of Skew constraints

Skew paingy

Maocdmauny
Skew
{ns}

Msximnm
Shew fay
HGRASE-R
PFCS Iane
LD

Maximum
Skew e
HHEBASE-R
PCS Tane
{£1

Naotey

SPi e Ni& < § &}
SEE 3 =259 = 130
SPR 43 < 443 =332

RIS X RS
RERLIRRE L

SP4

= 691

3P3

= {485

SE

ALPCS reoeive

tansmit

SERS-FEC reveges

Copyright & 2017 [EBE. Al riphts reserved.

This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000158

it

L e S Yk heen

~3

1R
29
30
1
P
33
34

36

4

46

S L
Y S T

o
Jon



Deaft Amendment 1o IBEE Sid 802.320145
{EEE PB02 . 3cd Task Forge

TEEE Oraft PROZ 3001312
Bt Fabruary 2047

Change Table $0-7 a5 follows flable foototes nal sfowsg:

Table 80-7--Summary of Skew Variation consirainis

Shew peints

Muahmum
Skew
Vuriation

Adagipnum Shew
Yariadion for
IS R

PMD fang

Macimun Skew
Yariation for
I8 TB2S GRY
PMD L

Kates

LAy Sps Yk tees

o

i

() ®n (i 8

BPg 8.3 B

o
:(7
o
@
B>
=
e

BR3 0 el «1i5

7
=
o
o
B
Ed
ek
v
4
4
o

J304 IXT A IR 0t

e et R das

St i A®

S¥F7 Q2

ALPCSreeeive 4

ALRRFRC | A RN w4
e

AERSFRC & RiA = 193 P SmPisi
e i ' | 36

s 4

& POS e

£
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82. Physical Coding Sublayer (PCS) for 64B/66B, type 40GBABE-R and
100GBASE-R

82,6 Auta-Negotiation
Change the paragraph in 8.6 as follows:

The followdng roguivcients apply 10,8 PCS used with g 400GBASE-KB4 PMD, 40GBASE-CR4 PMI,
EOG(;EASF—{‘R 0, 1ORGBASE-CRY, 10 JDOGBARE-KRY ~—er 100GBASE-KPL o

\SE-KR2 PME where support for the Auto-? rotintion fworess defined fn Clanse 73 b nruidatiny.
Tiw Pi‘% ~.mi§ support fie primitive AN LINK fodicationtHinl statusy {see TR9). The purarneter Tink . stihus
shall tabie the valug FAIL whea PO blwstaiuxwf atee and the vales OK when PCS_status=true. The primifive
shall be generated when the valoe of Huk_states changes.

B82.7 Protocol implementation conformance statement (PICS) proforma for Clause 82,
Physical Coding Sublayer (PCS) for 64B/66B, type 40GBASE-R and 100GBASE-R

82.7.4 PICS Proforma Tables for PCS, type J0GBASE-R and 100GBASE-R
Change the heading number of 8275 “lestpattern wades™ fo 82733 ag follwys:

82.7.4.5 Test-pattern modes

Chasige the koading wwmber of 8356 “Management™ i B 547 av fallayws:

B82.7.4.7 Management

Copyright © 2017 IEBE. All rights resemved.
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82.74.11 Auto-Negotiation for Backplane Ethernet funclions

Change the fabiv in 82.7.6.4 {romombered ax 83,7431} ax follows:

TEEE Oraft PROZ 3001312
B Fabayary 2017

fom Feature Subckeuse Value/Comment Satus | Suppert
FAKE 826 O
Clauss 73
AN2 Y LINK indivetion prisptive | 826 Sugport of the grimiiveg AREAL . Yes i
ANCLINE ndicstion(Hak_sta- o,
Ry
ER R bt
SETASK-RPE- PR
AN ok stwins puesneler 826 Takes the value OK or AL, ANEM
i a5 descnbed W RS
AN b Gensration of AN LK andis | 826G Cietrerated when the vl of AN
i valion pomitive fink_sfates changes
Copyright © 3017 IEEE. All rights reserver.
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90. Ethernet support for time synchronization protocols

a¢.1 Introduction

Change the first paragraph of 90,1 {us modified by IEEE Std 392.35p-2016 and IEEE Std 802.3b5-201%)

as follows:

XGMIT {'
200GME
Jefimed fn SuE,

"S00MI (Clase 1321 COMIL
cations are alf compatible with the RS sublaver

. md ws@m (s

{ Ty specihi-
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91. Resd-Solomon Forward Error Correction (RS-FEC) sublayer for !
100GBASE-R PHYs 3{
, R 4
91.5 Functions within the RE-FEC sublayer <
&
$1.8.2 Tranamit function 7
91,5.2.6 Alignment marker mapping and insertion g
i
Charge the third and fousth paragraphs of 31.5.2.6 as follewy: it
12
For x=0 10 1% amp X _x<6310 3¢ construcied ag folkows: 13
14
al i5
b} i
17
}. i8
¢ S I R o \% 26> g
di RESTE R G XL; cand My ds shown in bty 7 fo Myasing the values Rt
B or PUS lane nnmben Ham o x ».m‘rw)cmds to o Rapid Aligonent marker. then the 2
My, My wird My values are nsed instend {300 iR 2%
b amp poased L L St tafat: 23
24
This ;}mcg\\ replaces the faed bytes of the alignmoont narkaes received; possibly with ervors, with the values 2%
from 2. In addition #sebstinges the fixed bywes of the alignment mstkers corvesponding o PCS 26
fancs 1, 2 aad 3 with the Gxad ttes for the alignient marker sorsesponding fo PCS fane 8, Simibaly whin 7
used with g fourdane PMD, i substitates the fixed bvios of the aligravent tserkers comeaponding to PCS i
tames 17, 18, and 19 wath the fived bytes for thie slignment nsaker s,mn:\;;gn(inw to PCS Jane 16 The vard- 20
shie h}iw BIF or OO are wichanged. This process stnphilies teccbver gynolwoniztion shce the reepiyer 30
saly needy 1o search for the fixed bytes cotrospondiig te PCS hine # oo oach FEC fane W ths optional 4
ERE deop sidep caputhility §5 supported, the receiver ondy nesds 6 sewrch for the fixed byfes corresponding 2
1o POS lanes O and 16, 33
34
§1.8.2.7 Read-Sclomon encoder 13
%
Change the second sendenie of the second paragraph of $1.5,2.7 as follows: 37
38
When used to fonm a HOGBASEKPY, IOGBASE-CR2Z2. _IGDGBASEKRY, HGBASE-SR2, o IR
100GBASE-DR BHY, the RE-FEC sublayer shadl Implement RE(5344, 5145, 44
41
43
43
48
46
48
49
It
i}
32
33
54
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$1.8.3 Receive function

91.8.3.1 Alignment lock and deskew

Replace Figure $1-8 with the following:

[EEE Draff PE0OZ SediDy 2
Zed February 37

) ; amp_ badd_count <5 {

regel + aignal ok -+ restart fock ! N -
E ¥ : 2 i
L ; COUNT 2 |
LOTKO T i start amp,_sounter {
L amps ioekexe s dalse i }
test_amp & false { i

i e t amip_sounter dang

Juor | » {
i ¥ |
¥ ; CCMP A%
GET BLQCK i T : i
shpdone o false :

‘ i (&) - : f
) ; srap valid tarap valid |
iest_amp . ! v ¥ |

: GOOD_AM INVALID. AN
. S ] H - — bad oot {
FiND 8T ; i iz%gjad_,wum amp_bad. countes |
a8t _apip v Teige | ueT E }
i [N eoaproooren BN “ atp_ bad count= 5 §
famp. vai 1 amp valid i v |
: 5 BAD i
COUNT NEXT i rostant_jock = true {
first. post = puresnt pest i H

starf amp_oourter

anp_oounter_dang et Lo Ny
o vatid ] FEITE =S tates aide e dotied
tarnp valid 1 amp_ counter done * { N ¥y Siiltt:w i the Jotied
{ amo ualid Bow are aphional
ng
¥

DOMPE 2KD

ANP_COMPARE
g mateh i )
o amp,_mateh
¥ b J X
SUE 2 GEDD
SUP 1 amps_inckex» &= inig
FEO Tans miapping<xs
I} § o oeeten ne
E far_potional_siates
slig dane ae_pplional_si

Figure 9]-8-FEC synchronization state diagram
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91.8:3.3 Reed-Sclomon decoder
Change the second sentence of the second parggraph of 91.5,3.3 as follows:
When used to forg g HDBBASEXPY

TBOGBASE-DR PHY, the BS-FEC sublaver shall bc £ pabh of correcting soy combingtion of up 1o =13
syrnbol srors in g dodewined.

Charsgs the last sepfence of $1L.8.3.3 oy follows:

Whett the RS-FEC sublaver osed 1o form 3 HDGBASE-KPY, 1000RASE-CRI IGRASEKRRE
HOGBARE-SRE, or INOGBASE-DR PHY, the synbal evvor throshold shall be K%6380.

21.5.4 Detailed functions and state diagrams
91.5.4.2 State variables
91.5.4.2.1 Variables

Change restart_lnck definitiva as follows:

vestart ook
Boolean variable that is get by the FEC alignnomt procoss 1o resel the synelwonizmion process on
all FE’{“ mes it m &C‘i - frue Qii&‘}‘ 3 £OnS ecmm uncmmam wdew ords are FOESiV {,d {3 BAD

Favert feo_optionat_states definition after fec Tare ns follnws:
foo, opstionalslates
Booloan varisble that 15 troif the optivnal States are implementnd and false othorwise.
91.8.4.2,2 Counters
Fasert pew comnter amp_bad coponl before amp_cowgor ay follows:
svip bad cout

Cotnts the number of conscortive slignnom markery that don’t mwatch e expected vidues fora
wiven FEC fune if (he optional siates we supported in the FEC synchronization process.

Copyright © 3017 IEEE. All rights reserver.
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91.6 RS-FEC MDIO function mapping

Change Tohle $1-F as follows:,

Table 81-2--MDIQ/RS-FEC controd variable mapping

Ruepister/bit

MO oontrel variable PMAPMD reglstor nune wasaber FEC variably
FEC bypass conection anable REFEC control rogiiter 130040 FEC bypass: cemection_stable

FEL bypass indivation soable FEC bypasy indication enalide

Foad Eane PO

Insore srew rovwe dn Fable 91-3 yfter “BS-FEC high SER” vow a2 followss,

Table 81-3—-MDIQYRS-FEC status variable mapping

MDIO control variehle PMABMD regiver name | oo hit FEC variable
FEC optional stufes suppasted REFEC stabus soptsty ey : $on optional statey

Frvert 1.6 30 after $3.8.2 us fallows:
9%.6.2a four lane_pmd

When this variable §s set to one, this slignven sirker mapping fotion substitdtes the fxed betes of the
alignment markers corresponding fo PCS Tapes 17, 13, and 19 with the fixed bytes R the alipument marker
corresponding to FOS - fage 16 (see 315201 When thiy vaviable iy set to vero, the aliymment murkers sonre-
sponding to PCS lanes 17, 18, and 19 are passed thwongh vranodified. The deful valog of the varisble is
ong which fs the valwe required by fhe J100GBASE-CRY, HOGBASEKR4, OGBASE-KPY4, and
TOBGBASE-SR4 PMDs. This wariable is set 1o zern fiw the HWGBASE-CRZ, 1GOOBASE-RR2,
IOOGBASE-SRY, and IDUGBARE-DR BMDs: Thix vartable is mapped o the bt defined in 4521101
(L3003,

Tuvert QLG Sa afier 81.6.5 as follows:
91.6.5a FEC_optional_states

This varizble is 581 to tue when the opivond eittes i the FEC synchvonization siate diagram sre dmple-
mwnted,
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91.7 Protoco! implementation conformance statemant {PICS] proforma for
Clause 91, Reeﬂ-Soioman Forward Error Correction {RS-FEC) sublayer for
100GRASE-R PHYs?

91.7.4 PICS proforma tables for Reed-Solomon Forward Error Correction {RS-FEQ) sublayer
for tHOGRBASE-R PHYs

91.7.4.1 Transmit function

Change PICK dtem TFIT as fullows:
Hom Fogture Rubclanse Falee/Conunent Bistus Suppaet
TR 81827 BS540 KP4

94.7.4.3 State diagrams

Bugert vew PICY frem SD after SDY as follows:

fem Featury Subclwase FalueComment Status | Support

SH6 FEC synclromzation [

| snhisncoment

r BIOY porferms: Uhsers of do standand ysy Soele repradiss the PIOR proforms. i tils subiclunse sothad it san
for ;ix intended pragmoi and sy Rl publish the pongdissd PICK,

Cagpright © 3017 IBEE. Al rights reserverd
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118, introduction to 200 Gb/s and 400 Gb/s networks

116.1 Qverview

116.1.2 Relationship of 200 Gigabit and 400 Gigabit Ethernet to the 180 08! refarence
mordel
Change teny b oas folloves:

Ry The MDIs as speeified i € for 200GBASE-DE4, i © 2 for 200GBASE-FR4 and

2ENGRASE-LBY - and i for SMGRASE-ORA. Cluse 138 _for 30GBASELCRY
Clause 137 for Z00GRASE-KRY, sad Clavas 138 for 200GBASE-SR4. all use o 4-hwe dais path

118.1.3 Nomenciature

Change Table 1161 a3 shown (Sowme wnchanged rows not shownd:

Tabte 1161200 Gbis PHYs

Presripaion

SOHGRARECRY

2U00HASE 1Y nsng 200GBARER encoding over fonr ines of nultimods

,t;hmnm LL@C 138

FOUGBASEDE4 200 Ghis PHY using ZQQ« SHASER envoding et iem lanes of single-amody
viahu W ﬁis muw \ip o & foast *{ii‘f i z«M i

118.1.4 Physical Layer signaling systems

Change the first paragrapht i 11614 as fellows:

'}”his standard specifics ¢ fwily of Physical Lover implomentations. Tae 116-2a, Table 1163, and
& specily the conrelation betwsen PHY typey and clawses, Tuploimcatations cou oLning 10 one 5

mare PHY fypes must mcet the requitenents of the cornesponding clases,

Copyright & 2017 [EBE. Al riphts reserved.
This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.

9

Marvell Semiconductor, Inc. - Ex. 1002, Page 000168

A g Rl hees

&

-~k

oD

PO S L Y e
X O fo el BF e

Sl o paes
Cgge s

o



Oraft Amendment 1o IEEE Sig 802320145 IEEE Draft PRUZ2 308012
{EEE FRO2. 3cd Task Furge Beet Fabriary 2047

Tnsert Tabile 116-2u as shows:

b
2
]
e
-~
T
.
.;0
x
-5
<&
T
[+
$a
=3
=2
v3
@
=
@B
w
[»
[~}
o
2,
2
2
2
=
B3
[
£
G
4]
p -3
0
4
2
3
s
R O O

Clagse® G
78 uy ERCIREEE §- SR i L b {
" o & 9
@ = & i
- it = M ; & -
PHY typs i £ & 8 - s i
v o . Nt g = £ i
fm) = & % - = &= .
@ @ & P - - ) 5 % 12
g = 2 % S » ) {3
N &= = w A P =
ph g k-4 = P = 14
£ z & 5 w &
£t & i g 2 15
R ~F o
. . . . . . . D
2HGRASE-KRS £} S 3 N 1 ¥ e M 17
BTURASE-CRE 0 ! o b ] @ oM 18
Mt NI CIRAE S 0 SR EOTCIMES RN TR SUE. USsuies 9
0= Optional, M= Mandatory, 0
21
2%
23
) ) 34
Change Table 1153 dv shovy: 2%
26
27
Table 118-3-FHY type and clause corvelation {(200GBASE optical) -
29
36
¥ (5 i1y 128 vt RN 3% § 4
. = o = EX
o - O - - = = = 14
PHY type FlE R LIE RIS LE AL B 33
Faxy by - - L O o L it 3 = 15
oot & = 3 P o - & fodd = 5
& 9 g 5 = “ o & & 2 % = W%
S E S8 18818 & g
pe {8 8 39
40
ol iMis o ie el M 1
SR 0 Y S IR S Y OO N M ¢ SR T S (O B 42
0 M O 3 M 0 1y 3 & M 43
SEEGBASEL o M 0 M a Q € & & M 4%

e T ——— 46

S L
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o
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116.2 Sumunary of 200 Gigabit and 400 Gigabit Etharngt sublayers
116.2.5 Physical Medium Dependent {(PMD} sublayer
Chasige the second paragraplein JI5.2.5 as shown

Bze "'(ﬂ)bB k\S hmR i*'xED\ am;i ﬁxw cams;sox;&ino et °s:in1 e spec}tmi R

116.4 Delay constraints

Change Tuble 116-5 a5 shown {seme wichanged rows nat shown)s

Table 118-6-Sublayer delay constraints {J00GBASE}

Maximam Mavimam | | Maximawn

& s : Sl
Sublayes ¢t timey® | {panse_guata® (%) Mty
2HCRASER FMA 12432 36 9216
I00GBASEKRIEMD | g9 1 N

e
do

SO0GBASEDRAPMD | 4096 N

Inclades 3 of Bber 8o 18133

FPop AD0GBASER 1 bit Rox (HF Y i mua} Eu‘*gi-« ("st,
“For 200GBASER, 1 pavse_ qmmum b s (‘”su_
“Should there be o din

subbyer clase pr

st defwition of bit )
3 mr ihe dehmz ;on ui muxe qtmm 1}

clawse, Hw
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119. Physical Coding Sublayer (PCS) for 64B/66B, type 200GBASE-R and
400GBASE-R

Tusert pew subelanse JIR0 after sabolause 119,53 as fotlnss

119.6 Auto-Negotiation

The follewing requirsments apply 1o a PCS wood with 3 20BGBASE-CRA or 200GBASE-KRS PMD v
SUppoLL for the Auto-Negotiation process defined fn Clanse 73 s mandstory, The PCE shall suppont the

N1 *k‘ Jughicationthinh status) primstive (s¢e TR0 The parameter Hok_status shadl fadie the value FATL
siatges=false and e valoe QK when PUS siatns=tne. The prisitive shall be geverated when the
vatue of Hek siates changes,

118.7 Protocol implementation canformance statement {(PICS) proforma for
Clause 1138, Physical Coding Sublayer (PCB) for 84B/86E, type 200GBABE-R and
400GBASE-R

118.7.4 PICS proforma tables for Physical Coding Sublayer (PCS) 84B/66E, type
200GBASE-R and 400GBASE-R

Insert pow subolanse TI0.7.4.12 after subelause FI64.01 ax fodlows:

119.7.4.12 Auto-Negotiation for Backplane Ethernet functions

Fem Fentnre Subelaues ¥alue/Comnent Sipdus | Support
AN Suppont for use wilg o0 AN echrolegy dipordont 84

| 2WMOGBASE »(‘R»ﬁ o

m riszu: seseribed it

AN} he ANM

tie
K mdicatinalink st
AN Bk stains patimsier HBS Tk frewatue OK or BALL, ANIM
an deseribed in 1106
AN3 z{‘ﬂ;’m‘ii‘eh n& 1196 sienened when fhe valpe of ANM
A fink slatus changes
Cagpright © 3017 IBEE. Al rights reserverd
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120. Physical Medium Attachment (PMA)} sublayer, type 200GBASE-R and
400GBASER

128.5 Functions within the PBA

Insert new beading 138.5.7 and change heading vwuimber 130.5.7 f0 120571 a8 follows:

120.5.7.1 Gray coding for PAM4 encoded lanes

Insert new subclanse 120.5.7. F as follows:
120.8.7.2 Precoding for PAMA encoded lanes

A PMA adjacent o a 20DGBASE-CR4A or ZOOGBASE-KR4 PMD, shall provide 114D mod 4 precoding
capability on il ransoit lanes and mty opticnally pravide 1Y mod 4 decoting capability on afl recetve

fanes oo the PMD servies intieface. Pricodiag &y imphenertiod as specifiod fn 133872,

The precodsr s conbled independongdy for the ganmmitier g receiver o cach Jue {0, 1, 2, wnd 3%
Precoding  fs ensbled  and  disabled  usimg  ovavisbles  preocoder down iy casbie J
precoder down ri enabde v fwhore fle 00 L 2 o)

B oar Chugedd - MDIG - b - implomented, the o variablos: precoder down tx_omble ¥ and
precoder down ry enable ¢ are ateessible  fuough register 1600 and  L6GL (see A3 LGSR and
$532 10168,

The variables precoder down_ix_enable dand precoder, down s onable §we always-set to Bdn g PMA
hat fe not adjecent o a 200GRASE-URS or Z00GBASE-KRA PMD:

The vadables precoder down, ix_emable, 7 and precoder down rx_cnsble 7 shall be set as deferniined by
the PMIX control Function op lane & {sse 136.8.14 751 Themethod by whish the PMD contral function
affects these variables is inplomeniation depandent:

Copyright & 2017 [EBE. Al riphts reserved.
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120.6 PMA MDIO function mapping

Change Table 1301 gy shown (sope unchanged rowy not shovwaj:

TEEE Draft PROZ 300312
Sed Fabrary 2047

Table 120~1—MBICIPMA corvirol variable mapping

WD variable

PMAPMD regivter name

Register/

E hit nansher

PMA control vaviuble

Pauaoemets foopback

PMAIMD controd

tod

Remote Toophack srable

PMATocal fouphack

PMAPMD control §

By

Bocal toophack_snable

PMA presader conteal down T

P Lebog

precoder dowen i emable 8

PAMA precoder conteed down Tx

RRCN

precoder, down s eable L

precuder anable

P precodor continl dowin Ty

L Leon2

o Sidie 2

Lo dg
Cprecoder caable

PMA prasader contrat dewn Tk

Le03

peecad skeen buoenabbe 3

Lane Bdownmcebar pres
ceder ganbile

stoder conrad down Ry

FREIIRY

BMAprecoder control dwn Bx

Lo 3 down recsiver s
sonder caable

PiA preceder contral dewn Ry

precader down gx snalle 2

Tawe 3 dowraveaiver pres
gy ensble

cad

wecoder Rewn ox chehie 3

BRES3T patiors snable

PRES patforn festing coubiol

PRBS3Y onedie

)
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120.7 Protoco! implementation conformance statemant (PICS) proforma for
Clause 120, Physical Medium Attachiment {PMA) sublayer, type 200GBASE-R and
400GRASE-R?

R R

Jnsore s suhelasse 120,77 as fellows:

o

~d

120.7.7 Encoding

27

-

o o

Ttem Feature Subdlanse | Value Comment Sintus Suppart

o4

*CKR4 L3

b3

2.2 0 Yor ] }
2]

LI

i

(254

31 PMA supports Ty {2057, CHREM

predad

R e e R T T vl

B - AR

B2 PMA supports Ry 232 CERAQ
precoding

Foa
Lo

,.,,‘
L

&
=

A

g et
2 e

&
T2

3
"

o

46
47
48

S

A

14
L SR

Wy

af this seadand iy Seelv reprodise the PICR proforad wrihiss sublanse so sy it ean

P and iy Sty publish e somgdesd PICS.

‘o
Vi
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Fusxert Clawse 137 1o Clawse 146 as follows:

131 indroduction to 50 Gbfs networks

131.1 Qverview
13141 Scope
This claose describes the goneral requirenients G M Gigabit Etherast.

¥ Gigabis Eiheroot uses the IEEE 3023 MAC sublayer operating at a duta rate of 80 Gb/s, coupled with
sy IEEE RU2.3 SOGBASE Plursical Layver implesientation and is defined for foll duplex operation ondy,

‘m Oil's Plysical Laver sotitios, soch ay those specified din Table 1301, provide a frame loss vatie fsce
i Yo Tess than 6.3 > 107" for 64-cotel frsnies with minfmmm tmm}ackef 4P,

131.1.2 Relationship of 56 Gigabit Ethernet 1o the IS0 081 wierence modet

50-Gigabit Ethoraet couples the IEEE
among SO Cripabit L{mmef the (HEE 8023 MAL, and the 150 Open System Inferconnnction {081 refor-
sree moded are shows. it Figure 13-

ETHERNET
LAYERG
HIGHER LAYERS i
o8t _ff {10 OR OTHER MAD DUENT
REFEREND B . N .
ket p MAG CONTROL (OPTIONAL}
LAYERS ; MAS
PPN ;o RECONCILIATION
| PRESENTATION i SOGME —
- — i gt
T sesson Iy SOGBASER PUS
g EEC
TRANSFORT | 7
: {7 PIIA > Py
NETWORK _’ ¢ PUD ]
DATALINK |/ T ]
BHYSICAL BTl e
mmmmmmmmmmm | vEDUM <
T,
b ¢
SOGRASER
0GR = 50 Gits MEDIA INDEPENDENT INTERFAGE POS = PHYSICAL CODING SUBLAYER
AN = AUTO-NEGOTIATION PHY = PHYSICAL LAYER DEVICE
FEC = FORWARD ERROR CORRECTION FMA = PHYSICAL MEDIUM ATTACHMENT
LLE = LOGICAL LINK CONTROL PAID = PHYSICAL MEDILM DEPENDENT
BAC = MEDIAACDESS DONTROL
DI = MEDIUM DERENDENT INTERFACE NOTE 1~CONDITIONAL BAGED ON PHY TYPE

Figure 131~1—Architectural positioning of 50 Gigabit Etherpet

Copyright © 3017 IEEE. All rights reserver.
This s gn unapproved IEEE Slandards draft, aubject to chenge.
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While this specification defines tntorfasgs In toums of hits, octets, and frarses, inplemnontstons may chosse
other data-path widihs for implemeniation convenionce. The only exceptions are as lollows:
ab The SOGMIL which, whan implemented as Jogical interconnection point otwsen e MAL sublayer
snd fhe Physteal Layer (PHY). uses v 64-bif wide date puth as specified iy Clause 132, Physical
insterdiations of Gy tderface 1nay-use other datavpath widths,

by The managemend erface, which, when plevsicaliy implononied as the MDIOMDC {Managemont
Dige FipatrQuiput and Masagement Data Clock) at sy observable intoreonneciion pott, usss 8 bil-
wide data path sespeoified i Clause 48,

¢} - The PMA service mterface, which, when phivsivally boplemented g8 LAURZ as apedifind dn
Annes P33R and Annex 1380, or as SOGALHR (30 Gbds two~hine Attachment Linin Interface); as
specified tn Anpex 12350 and Anseg 135K, ot ant chyervable intercopnection port, pses-a 2-dane duta
gath.

dy  The PMA service interface, which, when physically splemented 88 S0GALIET (30 Gvs one-faue
Attachimiong Unit foterfice) af an observibly inferconnestion port, uses & 1-fane data path ag speci
fied i Anney 133F or Ansex 135

e} The MEH as specifiod dn Clavse 139 for SDGBASE-CR, Clause 137 for SDGBASE-RKR, Clagse 138
for SHGRASE-SE, and Clanse 133 for S0GBASE-FR und SCGBASE-LR use 3 Iolane data path.

131.1.3 Nomenclature
The nomenclre coploved by e 38 Gbis Bhysical Layer is explatned as follows,

The alphroumeric prefix SUGBASE bt the port fype (8.2 SOGBASE-RY represcnis 3 Bymily of Physical
Layer devices oporating at @ speed of S0 Ghic

SBGBASE-R. roprésents ¢ Puily of Phosical Layer deviess using the Plesical Coding Sublayer (PFCS} for
30 Gly's operation over mukiiple PES lanes (see Clanse 133 Physical Layer dovices Yiated in Table 1311
are deftued for eperation 3 50 Gbis.

Tabte 131150 Gh/s PHYs

N Peseription

FOGHASE-RR SUGHE BHY b SOGBASE-R sricading ovet s slectrical backphae

ause A7)

SHGRASECE S0 G PHY wsing SOGRASE-Hoenuading over
} Fad Clanse 136),

swinaxial copper vabls

HGBASESKR

SHRAGE-H

sing SOGBASE-R cncoding wwer singlo-mode fber wiiloreach
aptee st sk 3 ke feed Ol 1395

FHETRASELR

tyy o ot Joast 1O for {see Clse 1393

131.1.4 Physical Layer signaling systems

This standied specifies @ family of Phivsical Laver knplomentations, Table 13142 gnd Table 131-3 specily
the corrclation between PHY tvpes and clauses. hriplementations conforoing 1o ope or nore PHY tvpes
st deet the requiretients of the corrosposding clabses,

Copyright © 2017 (EBE. Al rights reserved.
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Table 131-2--PHY types and clause correlation {(S0GBASE copper) i
3
..... :
Clauge® 4
wx wolw L RO R = g
= oo 2
PHY type woR s £ 8 .
' ¥igixF [ORR IR Y St B g
e o Be o ¥ ~ = o T
% =i ix o 0 010 ¥ :
w 1w w @R olmk sk VAL @
Bl elizging i T i812i < 12
Hlpizi2 22T BiE Bl K
o o 7, S & ® o 739 & ® o 14
smasikr foiMiolM MivMioiolo X 15
16
SOHARCR i3 N HE A M &1 i3 & £ &4 17
3¢5 = Optfenal, M= Mandatory. 18
9
i
Table 131-3—~PHY types and clause correlation (SRGBASE optical) 2
23
23
Clause® a4
‘ ol w BigigiEinl@ 2%
® = Sid g i 888181818108 & 5
= o Py . pitd - s Saks ks kS bt - P 26
27
= ziaia 28
PHY tepe o o= =88 99
riELR CIZlol 81 & &1 &
o - : [ S S U S (R N~ T B 3G
xigix g 2 0 00 L g ie g s
ElEleld il iR iSihieidi = £
5 Eig8IBIBB LB IS8 I SiaiB 8 8 31
fiwmigigigig sl i 121 BIEE
& e @ W Iy w5 o ik 7 ] W G ' 4] ) 34
NSSSURESSUSUSUS, SRUSSNS: SIS S NSSUNTS SURIMASSRN. SUCHSAUN COMMMECS SURIENGR LN SRR STRONES S TSR SSRGS S 5
SOGRARL-RR O it 0O M M R 0D O 0O ) O O M ,‘f
28
SOGHS QO M G M M ! Q i3 {x £3 Q i3 M 37
SOGEASELE | O I MIiOIM MIM Sil0lol0loio M o
A0 = Optional, M Mandatory. G4
41
42
131.2 Summary of 50 Gigabil Ethernet sublayers 43
131.2.1 Reconciliation Sublayer {RS8) and Media Independent interface {(50GMI} 4%
46
The Medin odepeondiay Taterfios spepifind ' Classe 132 provides o lopieal inferconinestion botween e 47
MAU sublayer und Fhysical Layer entities (PHY). The Medis Independent Interfyce is not ntended o be 48
phsically nstatisted, satier 1 e lopically connet layers within a device, 44
Kt
The SOGRMT sopports 30 Gbds operation fuough ity Gdbit-wdde transmit and receive data paths, The Recons K|
cilfgion Sublayer (RY) provides # muspping between the sgnals provided st the SOGMH and the MALRLS 32
service delinition: 53
54

Coppright © 2017 IBEE. Al rights reserverd
This I an unapproveg IEEE Standards draft, aubject to change.

18
Marvell Semiconductor, Inc. - Ex. 1002, Page 000177



Draft Amandmentic IBEE Sid 802320158 [EEE Draff PE0OZ SediDy 2
HEEE POIR.30d Tagk Forde Zrd Febyuary #1317

Wiile the S0GME 1 2 optional inserface, #is used sxtensively in this standard a3 g basis for functional
specification and provides 8 common service imierfice for the physical coding sublaver defined in
Clause 135

131.2.2 Physical Coding Sublayer {(PCS)

SOOBASE-R PHY use the PCS specified in Clatse 133, The SOGRABE-R PCS porfonns cheodiog of dily
from e SOGMIE o A4BA6R code blocks und transfers the sucoded data to the PMA {or FEC) and performs
decoding of 64B/068 Backs from the PMA {or FECHand wanslors e docosded daty to the S0GMIL
131.2.3 Forward Error Correction (FEC) sublayer

SOGBASE-R PHY s use the FEC sublaver speoified in Claese 134, The FEC sublayer pan by plaved betwenn
the PCS and PMA sublayers or between two PMA sublavers.

131.2.4 Physical Medium Attachment (PMA) sublayer

The SAGBASE-R PMA speeified in Olause 135 provides s medinm-independent means for the PCS 1o sup-
pert the nse o & range of phvsicalmedia.

The S0GBASE-R PMA perfonms the prapping of tansnut and reesive data stroaiss botweeit the PCR ¢
PMA vig the PMA service interfice, the mapping of tansni and receive daly siveams bobween the FEC and
the PMA vix the PMA gervice interfiios, and the mupping and mutiplexing of traignit and recedve daty
strearns between the PMA and PMD via the PMD service interfiies. Tn addition; the PMA performs retitaing
of the rexeived data streany whep appropriste, optionally provides dats loopback at the PMA o PMUtservice
nterface, sd optionslly provides west-paliern generation and checking.

131.2.5 Physical Medivm Dependent (PMD} sublayer

The Phvsicsd Medinm Dependent sublayer IS responsibie for interficing to the transhussion tyedhy. The
PMD s lycatesd just above the Medivm Dependont Inforfase (MDD, The MY, loglcally subsupsed within
astely PMD subelyuse, ds the actusd medhan atgohent for e various supparted media,

The 30GBASER BMDs and thelr covresponding medin are specified n Clanss 138 through Clase 139,

131.2.6 Management interface (MOIQ/INMDC}

The optional MRIOMDC mansgoment inferface (Clause 43) provides an interconnection betwesn MIIQ
Manageable Devices {MMDs) and Station Manmgemors (STA) sngities,

131.2.7 Management

Managed objevts, atiributes, and actions are defined fior all 50 Gigabii Ethernat comnponenis. These items are
defined 1 Clanse 30,

131.3 Service interface specification method and notation

The service interfacs specification for the SOGBASE-R Physioal Layers 18 45 per the deflnition in :
Note that . the SOGBASER intev-sublaver service uberfaces bse muoliple scaler RECUEST and
INDICATION prindtives, o indicate the ransfer of iultiple indepondont sreams of data noiis, a5 defined in
13130 dwongh 13133

Copyright © 2017 (EBE. Al rights reserved.
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131.3.1 Inter-sublayer service interface
The intes-sublaver service interfyes is dofined dn 11808,
131.3.2 Instances of the Inter-sublayer sevvice interface

apees, hence 3 prefiv soption g
ace. The following prefixes am

The inter-sublaver Interfacy cant be dnviandated bebwesn different sald
defined fo identify s specific nstance of aninler-sublayer service interd
defined:
@ PMD—for primitives issued oft the Inferfues borween the FMD sublayér and the PMA. sublayer
callsd the PME servics inerface.
by FMA—Tor primdiives issued on the inderface botweeon the PMA sublayer and the POCS or the FEC
sublayer callad the PMA service intovfhice.
¢b PEC-—Jor primitives issued on the interface betwoen the FEC sublayer and the PCS or the PMA
suislaver called the FEC servive interface,

Examples of iner-sablayer servios interfaces for SOGBASE-R with thelr correspondiniy insiance names are
Hustraiod in Figure 1313 For exqmnple, the prindiives S one instance of the inter-sublyyer servies infoe-
faoe, wamned the PMD servics interface, are Wdentified as follows!

PMITS UNTTDATA Lroquest
PMDIS_UNITDATA 7 indiowtion
PMIRIS SIGNAL fndicavon

Pripdtives for other fustanees, of nler-subliver laterfhtes, wre roprosentad fa 3 shvailar myabner av daseribed
abov,

131.3.3 Semantics of inter-sublayer service interface primitives

The semantics of the hider-sublaver service inierface primftives for the SOGRASE-R subilyyers are described

i Ve theough

X,

Copyright © 3017 IEEE. All rights reserver.
This s gn unapproved IEEE Slandards draft, aubject to chenge.

120

Marvell Semiconductor, Inc. - Ex. 1002, Page 000179

e ',,.; Lok s

-~k

2]

28
30

34

o



Draft Amandmentic IBEE Sid 802320158 [EEE Draff PE0OZ SediDy 2
IEEE POUR. 30 Task Forde Zrd Febvuary $17

FADAND HIGHER LAYERS
[ REQDRNCIIATION SUBLAYER I

Ay L Y e

o

Wy d

t
BOGKME E

: " : 16
t SODBASE-R PGS i X

A A 12

FEG;iS;UNin?ATLi,ii?13szmq'd&*5‘i FEQHS_UNE mﬁm . {(:3Lindication

FEC SERVICE L . 14
werERFACE. TP g FECIS SIGNAL ndisation is

vy L . 16
REFRD o ‘ 17

5 3 T : ; N j ]
PRMAIS UN flfﬁ AT R request PRMAIS_ UNITDATA, {tr Y. indcation B

PMA SERVIOE 15 Siahing ndsstior 2
INTEREARE . W 4 PHAIS SIGNALIndication oy
v ¥ 23
i P&z .
. i p i 4
PMAS UNITOATA 06-1{regiest ERARAS LNITDATA [Oin-1)indication

PMASERVICE PRAKR SIGNALmdisation
INTERFACGE

BRA (1)
&
PMOAS UNRDATA squRst PIDAS_ UNITOATA indication

FMD SERVICE o i e 33
INTERF&CE St L FRIDIS_SIGNAL ndication

PR 36

BT e 15

i MEDIUM S 39
g 44

b ;

SOGBASES 4
SOGME = 50 Ghvs MEDIR INDERENDENT INTERFACE PRIA > PHYSICAL RETHUM ATTAC-H RMENT 43
A = MEDIA ACCESS CONTROL PRD = PHYSICAL MEDHURY DEPENDENT 43
D! = MECHUM DERERDENT INTERFACE & = NUMBER QF PARALLEL STREAMS
PLS = PHYSICAL CODING SLIBLAYER pedors b
2533
47
48
49
50

Figure 131-2-80GEBASE-R inter-sublayer service interfaces
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3
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131.4 Delay constraints

Predivtabis operation of the MAC Control PAUSE operation ¢ wex 318} domands that there e
an upper bound on the propagation delavs through the nebwork.. This imphies that MAUT, MAC Control sub-
taver, and PRHY fmplementers prst sonfnn o cortaln deday mandmg, and that network planners and adndne
istrators conforny o constrainds regarding the cable topelogy and concatenation of deviges. Table 1314
sontains the vahws of makinmam seblyyer delay (oam of ransmitand receive defays & one end of the Hnk) in
bit fies ge specified el 4 and panse gueamia 25 specified w $for 30 CGigabit Ethernet, I a PHY von-
taing an Aute-Nogotiation sublayer, the delay of the Avio-Negoiation soblayer is nchuded withia the delay
of the PAMD and medinm.

Table 13-4--Sublayer delay constraints {(S0GBASE)

Sublager Gosimer | passe gt | Nates®
506G MAC, RS, sl 638t R | e
ML Contnol
SOGRARER PCE 11264 e 23ISR See 113A
SOGBASE-R BIFEC 23606 56 342 Bee i34
75{3’(13&%5?»1{4{}?!\/1{{{ ] 46{%2 - - %} . ‘}Zih \t‘c H":??
SOGRASE-RR PMD 048 4 .96 1378 Toohades aflocatiog of

s for the mediwa,

SOGHASECR PMD 4% 4 4096

SGBASE-SR PMD b 2 2UkSE

SOGHASE- PR PMD 1034 2 2548 Inchides 2 meof b
Kee T3

SOGBASE-LR P IR R 2 4% Fachudaes 2 of fibee

See 1393,

For SGBASKE, ¥t thve (D iy egal 82 30 py (See

MFor SOGBASE-R, 1 puase._guantumm is equal i 1024 ag

“Shoudd there bey discrepancy botwonn this tabde and the delay
layerclause provadis

VELY Ror thie defmition of B3 g}
> for the definition of pause,_gnaniac}
peremenis of e celevant cublaver ol thesab-

See 804 for the calenlation of Bit time permeter of Hber or clectricsd cabls.

L3

ee ITR.3.T for PAUSE reschion siming conairatnis for stations & operatitg speeds of 38 (b,

131.5 Skew constraints

Nkew for relative delsyt can be introduced between fanes by bath active and passive elements of a
SOGBASER Tk Skew s defined oy g ditference betwesn (e vmes of (e carliost PUS fane and lstest
PCR fone for the one to sudy transition of the alignoient prarkier syne bits, The POR degkew function, {soe
133.2.3) compensates for all hane-to-lane Skew observed at the receiver. The Skew batwvesw the hahes wast
e kept within Hodis a8 shown fn Table 133-5 so that the wansmiited information ob the fibes can be reas-
seiibled by the recoive BOS,

Copyright © 3017 IEEE. All rights reserver.
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Skow Vartation may be inpreduced ded to variations in cloctrical, thavmal or cavironmental characioristics.
Skew Vaviaton is defined s (he chunge in Skew between any PCS hune and way other PCS Tuoe over the
entire me that the ek iy i operation: From the tine the Hak s brovgbtup, Skew Variation must be Bovited
o ensure that ool POS tane abways traverses the same Tne bebwesn iy patr of adiacent sublavers while the
tink renaias i operation,

The maxiinin SKew dd Bhew Vaddation of phvsically instantisted hterfuces s specified ab Skew poinis
PO, SPLSP2, and 8§83 for the transnl divection and 8B4, SP5, SP6, and SFT for the receive direction as
Hustrated i Figwie 1213,

MAD AND HIBHER LAYERS

RECONCHLIATION

LT SHGMIF e
SOBEASE-R FCS | BODBASE-RPCS
SFEC PAMA (4:3)
PRA 2% f 1o
. . : LALHAZ. i s60 + * s87
BRGAUMR b 0 b Ly spg PIMA {2:4)
PMAIRD | RS-FEC
PMD SERVICE 1 Y
INTERFACE *_spz gl 4 sPs WA
PMD I BoizaUn mwh sp1 gl |8 see
MOl ——s SPRY b SPs | oemamy |
: = PMODSERVICE __
1 MECHIA INTERFAGE T sPe gl 4ses
S i E PMD 1
BOSBAGE.H
SORBASER MDI ——n SP3 | |4 sP4

! MEDRIM 25

: v
o
SOGBASE-R

K¢

SUGAURN = 50 Ghis ATTACHMENT UNIT INTERFACE P& = PHYSICAL CODING SLBLAYER
SUGRIEL = 50 Ghs MEDIA INDEPENTENT INTERFACE FA = PHYSICAL MEQIUM ATTACHMENT

LAUR2 = 5 Chis ATTACHMENT UNIT INTERFACE PAD = FHYSICAL MEDIUN DEFERDENT
MAC = MEDAACCESS CONTROL netor2

S0 = MEDIUM DEPENDIENT INTERFASE
Figure 131-3--500BASE-R Skew points

T the fransmit direction, the Skew points are defined b the following locutions:
------ SPO on the LAUI-Z intorface, at the tnput of the PMA above e RE-FEC;
= SP on the SDGAULs inwrface, at the npat of the PMA closest 1o the PMD
e SPE ok the PME service interfiice, atthe putof e PMD:;
BP3ar the ouwtpat of the PMD, atthe MDL
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Ty the recelve divection, tie Skew points are deflied in thy follwing locationy:
— 5P gt the MDML ot the put of the PMIY,
et BPS o the PMIE service interfaee; at the otiput of the BMTy
e JP6 on the SEGALHy interfice, & the autput of the PMA below 1o the BRS-FEC]
—  SP7?on the LAUL-T interfuee, af the output of the PMA above the REFEC

The affowable Tinnts for Skew we shown in Table 131-5 and the allowsble Homs for Skew Variation are
shown iy Table 1316,

The Skew reguirements for the POS, PMA and PMI sublavers are specified n the rospoctive clueses ag
noted m Table 1318 and Table 1316,

Table 131-85-Summary of Skew constrainis

P Maxinoen Slaximom
Maximurg | Sksw for Shew fay
Skew points Skew - SOCBASE-R | SUGBASER Wotes?
fny? P PCS tane FEC tane
s gk URs
SPG 24 L wan See 135831
st SRR =N Kew 138325
XP3 43 i ‘it See 13SA33, 1364, ARG, 13832,
: = A3 R
2.3
SP3 54 < 143% Sew I366, 1376, 13832, 1193
SFH i34 - = 3508
Y % _— 3RS
150 —— s f 25
20 e s 130
AVFEC ropeten 18 o = 4782
\ i’( 5 rgceive 4% = £33

i 3
oy Ek‘ Mmhui = mﬁmd::‘x dppm'«;;mie tqmwt m of i Sslxu,v B LA b o 1 U Mg_.m-k ??.:s""SX’ P at POl
8 wnaium ate of 13 89S Gl :

“Thes < indivifes &pgwammmk cquivalent of maxiane Skew ta U bsed oo 1T equals 376471 pead FECQ e
signabimg rate of !
“Showdd tharebe dhs.zapm\u l‘u\\ vore tis table and the Skew requircmonts of he relevant sublayer ahse, the sub-
laver clavse provadls

e
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Tabie 131-6~Bummary of Skew Variation constraints

Maxinm Maximmon
Manium Shew Skaw
L Skew Varstion fer | Variadion for RN
Skew points Variaion Ghd 265625 bd Notes
£hs§ iane tan
i ot
Epa 2 T :
& w2 - ot
B2 [ IR S | well
SP3 G§ - 16
AR B e ' w1}
SRS ‘ 36 ' i ' - O
BP& o = 101
SB7 oz N —
- brsnit 0.4 w11
o reeive 4 T
AUPUS roppive 4 it i —

mibol = indicades approximate squivalent of maximsm Skey Variatton i L based on 1 Ul egoals 3R 78% ps
$LAUEZ hooe sighaling rate of 3EGBd

S e svabid = indicates dpproximisie sqnivalent of maxdmem Skew Varfation o U] beved ond U sipedy 376478 o
at JUFAL -0 or PMD lane signaling mig of 36,5625 GRA

“whould thers bea discaspancy botiven thiy teble qod the Skew requircmonds of the ralovs subdaver cluuss, thy sl
Tever clavse poovails.

131.6 State diagrams

State dioprams ke precodoncs over ot

&

The convangions of 13 are adopted, slong with fhe extonsions Hsted in 283,

Maltiple states ofa funciion dias have 3 watisition o 3 Comupion staie wthaiug difforent gualifiers (For oxar-
ple, nwliple wit conditbons 1o an THLE or WAIT staich may be indicited by s shiared avrow. A gxit tnansik
Hoh wirow fnust commect 1o the shared arrow, and the guabifior tusst be met prior o onmination of the
fransition suow on the shaved srvony. The shared arvow s o qualifice,

131.7 Protocol implementation conformance statement (PICS) proforma

The supplier of & wotonst implententation et iy claboed 1o confonn. o any part of IEEE Std 8023,
Clause 132 treugh Clase 140, sod related snmexes demonstoates complianios by completing u protoesd
inpleniertation conformsnce satement (PICS) profiwmi

A completed PICS proferma s Gw FICS for the implemeniation (o question, The FICS s 3 ststerment of

which capabiliics and options of (e protoce! Jutve beon implemenied, A FICS isdncluded ap the sad of cach
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shaiise ag appropriaie. Bach of the 30 Gigalsit Etharnet PICE conforms to the same teviation and conventions
nsed w316
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132. Reconciliation Sublayer (RS) and Maedia independent interface (S0GMII}
for 50 Gb/s operation

1341 Overview

T‘i'si\ clause defines the chavacteristios of the Reeoncilistion Stbdsyer (RS mnd the Media hudependent e

fice berween Biberet wedia sccoss controbiers and vaviocus PHYs, Figure 132-1 shows the relationship of
th& RS and Media Independent Interface fo the I8OARC DSE rofvrenve randel. The 50 Gl RE has identical
fogical fanctionality o the 40 Gh/a RS defined in Ulanse 8

The 30GMIT is an optionat logical foterfies between the MAC sablayer and the Physical Laver (FHY.

The RS adapis the bit sevial protocold of e MAC jo the padiel format of the PUS service intorlace

Though the SOGMIT is an optional interface, it is used in s standard 2 2 basis for specification, The
Physion] Coding Sublager (PCSY v speaified to the SOGMI, so i not implemented, & confoning

fraplementation shall bebivve fumctionally ag i€ the RS and SHOMH were dniplomsnted.

The S0GMIT bas the fellowing characrisiics:
) The SOGMI supports w speed of S0 Glv's,
by Dasaand delimiters are synehivonoes o a clock reforenes,
g3 Tt provides independent £4-bit wide trasismit snd resaive data paths.
&y Bosuppons full duplex ppotation only,

132.1.1 Sununary of major concepts

The following are the major concepts of the SOGMIE

ay - The 30GMU bs Buscionally stmilar o nilier toedia independent inerfices that have boen defined fiw
ather speeds, as they alf define an Interfice allowing ndependent development of MAL and BHY
fagie.

b}y The RS converts bobwesn the MAC serial duty streani and the paraliel daw paths of the S0GMIL

¢} The BS maps the sigeal set provided at the SOGME wthe PLS service primitives provided at the
MAC,

&) - Bach direction of dats iransfer is independent and serviced by data, control, sid clock signals,

ey The RY genorates contiups datd or control ciameters onthe transtoit path and expects continuiug
duta of contred chavsolers on the receive path,

fi The RS parficipates i fink faall detection and reporing by monitoring the recetve frath for status
reparts that indicaie so wnrelighle Hnk, and geoorsting status reparts on e transmit path o repart
detected Tivk fachs to $0 DTE onthe roimols dnd of the copnecting Hnk.

& The SOGMI may also suppont Low Power Tdlc (LBD signating for PHY types suppotting Erergy
Efficient Brhornet (EEE) {see Clase 78),

132.1.2 Application

This chusse appline 1o the duterfics between the MAC and PHY. This bogioal terface iy used 1o provide
media ndependence so that an ideptical media access controller muy be used with all S0GBASE PHY types.

132.1.3 Rate of operation

The S0GMIT e specified to support 58 Gbis spranion.
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ETHERMNET
LAYERS
1
X HIGHER LAYERS
osF i/ "L OR OTHER MAC GLIENT
REFERENCE ’ RN
MODEL ; MAC CONTROL (OPTIGNAL)
LAYERS ; MAD
| APPLICATION /o RECONCILIATION. N\
| pd .
| SESSION ;o OGBABERPER
ORI L FEG
TRANSEORT | f
5y PIMA N PHY
DATALINK |7 an' y
BHYSIOAL s
‘ ' { MEDIUM S
N ——
SOBBASE-R
SOONH =50 Shis MEDIS INDEPENDENT INTERFACE  POS = PHYSICAL CUDING SUBLAYER
AN= AUTO-NEBOTIATION PHY = PHYSIGAL LAYER DEVICE
FEC = FORWARD ERROR CORRECTION P PHYSICAL MEDIUM ATTACHMENT
LLC = LOGICAL LINK CONTROL PME = FHYSICAL MEDIUM DEPENDENT
RIAC = MEDIA ACCESS CONTROL
MO = MEDILM DEPENDENT INTERFACE NOTE 1—CONDITIONAL BASED ON PHY TYPE

Figure 132~1-RS and MH relationship (o the {SOAEC Open Systems Interconnection {081}
reference modet and the IEEE 882.3 Ethemat moded

13214 Delay constraints
The saximan ounslative MAC Congral, MAC, and BS delay (sum of transit and redeive delays @ one

sud of the i) shall meer the values specified i Tuble 132-1. & descriprion of overall sysiom delay
sonstraings and the definitions for bit Hings dand panse_guanti cin be fouad 113 1.3 and s veferences.

Table 132~1—Delay constrainis

" Meenimam Meximum I
Sublaver (B time) {pstse_guants) Mavimum (s}
SRS MAL, B3, snd MAT Conbd 16384 32 F2T08
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132.4.5 Allocation of functions

The allocation of fupctions at die MOMYU balances the sced for mediz indopendence with interface
simphiciiy. The S0GMIT maximizes miedia independence by separating he Data Link and Physiesd Lavers of
the OST seven-laye refarncs maded

132.1.8 S0GMI structure

The SHOMI struchire s idoatical 1o te COME structare sprcified i ®
132.1.7 Mapping of S0GMH signals to PLS service primitives

The Reconciliation Subdayer (RE}shall nrap the sigaals provided st the 20GMIE 0 the PLE service primi-
tives defined in d v The PLE service primitives provided by the RS und deseribed bere bebsve iIn
exactly the ssmwe punoer ay defioed o Fall duplex operation valy i implemerstod 8t 30 Gbis;
therefore, PLS sorvice primtives supporting CSMACD operation sre not mapped through the B8 fo the
SOGMIL This bebavior andrrestrictions ate the sume as desoribad 40 2 with. the detally of the signaling
deseribed i 1323, LPL REQUEST shall not be set 1o ASSERT widess the attuched Hink s been operational
forat feast one seoond (Lo, Hak statos = OKL acoording fo the undordying PUSPMAY

EEE capability requivey e wse of e MAT dofined in Annex 44 for simplified full duplex operation (with
carrier sense deferral), This provides full duplex operation bit uses fhe cavrier sense sighal 1o deler trinsmis-
sloy when the PHY dgfn 3 Tow potwer stals.

Mappings Rr the following primitives are delined for 50 Ghéy
PLS DATA reguest
PLS_DaATAdndication
PLS CARRIER indication
PLS SHGNAL indication
PLY DATA VALIDUndicstion

The RE maps ail primaitives o an identica! manner 38 the COMH dogs and as specified i 81170

132.2 50GMl data stream

The SOGMIT data streann has e sy chnrcteristics se the OGN data stream deseribed i 813,

132.3 50GMIl functional specifications

The SHGMIT fonctions identically o the COMH sporificd in 81

132.4 LP! assertion and detection

LR assertion and descetion fimetion identicaliy to the COME specified i 814, with the stagle excoption
that the PMA stop signaling is not applicable,

The oporstion of TP b the PHY reguives that the MAC does nor send \\}I;d data for a o alter LPY has
beew deassertod ay governed By resolved Transmit 1 Y s Jefined Y

This wake-up tme s enforeed by the trmsmit LPL state dingram-osing CARRIER_SENSE urdivation s an
idﬁ.ﬂﬂ»‘li e 1o et defined o 814, withthe single exception that the PMA stop signaling deseribed in
L4 35 ot applicehis,
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132.5 Protocol implementation conformance statement (PICS) proforma for
Clause 132, Recencmatian Sublayer {R3) and Media independent Interface (S0GMII
far 50 Ghv's operaticn

132581 Introduciion

The supplisr of a protoco! impheentation U s dadned 1o conform fo Clauss 132 Reconciliation Sublayer
{R3) and Modia Independent huterface (30GMID for 30 Gbis operation, shall conmplole the following
protocol implomsntation sondernrancs siaterncnt (PICS) profornw.

Adewiled deseription of the symbols u%d i the PICS proforms, along with instructions Tor completing the
PICS proforma, can be found i {lsnse

132.5.2 idaniification

133.8.2.1 implementation identification

Bupprliet!

Contact point fn inguities shout the FIOS?

§311§)}.<mxesxiziii(333 Naaned s} angd \-"e@:»:i;m(s}m

Otler xfrmation sscessary for fall ioificative—e.g.,
BEh e aa*d versiongdsy fcfx wachines atdor operating
sysbinmig Syebom N S5

NOTE 1—Be
NOTE 2—May be compleed ss appropriste In mesting te reguiremsnty for the idvuiification

NOTE 3-The ferms Name and Version should be bnterpreted appropristely 10 comespond with

suppt; oy stmmm)mm, {e.g., Type, Series, Modeh)

132.5.2.2 Protocol summary

Tdentiffcution of protocol standand

St of mzmiivmxh msii AL !&,i,titis o this
proforna that have been completed as part of tas

o,

S
L
biused im ;i\

a8 this seaadand s Saet fgae the PIOR jrofirmaa by this subalanse o i 3 aan
fantteer publish e vomgded PICK.

BIUS peoters
ded purpioe and g
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Fem Featur Subuciagse Value/omment Ststas | Suppoert
SEHY | PHY scoppat of 300ME 1333 € Yost
Nof ]
FRE Recopeiliaion Sublaver 33232 O Yes{d
support of SHGMI Kefl
LT Implementation of TP 1324 e Yes il
Nofi

132.5.3 PICS proforma Tabies for Reconciliation Sublayer {RS} and Media Independent

Intarface {SOGMI) for 50 Gb/s operation

132.5.3.1 Genpral

Tem Feature Subclanse Vidue/Comnent Statux | Support
451 FHY suppost of MAC dafa rate | 1351 Support MAC datrate of PHYM
S
G2 AT Contral, ERRNE | For Table 132+ RBE:M
rond-trip delay
132.5.3.2 Mapping of PLS service primitives
Ttom Feature Subelause VdueComment Stutus - | Support
PLY Mappingto O 3 implemests napping R&EM Yeni §
i S oserdee NIAY

frindIves
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133. Physical Coding Sublayer (PCS) for 64B/66B, type S0GBASE-R

133.1 Querview
133.1.1 Scops

This Cliuse specifics the Plusieal Coding Sablayer (PCE) that 5 covmyondn a fundly of 36 Gb/ Plhysieal
Laver tmplementaiions kunown ae SUGRASER. The SOGBASE-R POR is o sublaver of the S0 Ghds PHYs
fisted i Table 1371,

133.1.2 Relationship of B0GBASER o other standards

Figure 1331 deprets the relationabips among the SPGBASE-R sublavers, the Ethervet MAC and Reconcili~
ation Sublnvers, and the higher by

The SOGBASE-R PCS i identical o the 40GRARE-R PCS spesified fn Clause 82 with the following excep-
Hons:
1 The somingl e sl e FEC or PMA spevice futerface i E2I90625 Ghés per PUS lune, rathor than
HE3125 Ghisper PCS lane,
2y The sHgmverd marker spacing i¢ modifiad such thal sligronerd markers are hieeried afier ewery
203479 H56-bit Mocks on ek POS Jane, rather than after overy 15383 65-bt blocks on each PCR
tane s despabed in ¥

3y The defintiions of “curre_am”, “am_counter™, “ber ond” and Uxus_tinier” o the state dlagrams
defined @iy ¢ & are modifind o suppost the different aligmen oxuker spacing and the difforen
data rate.

4% -+ The optional BEE decp sleap capability 38 not sapporied,
$33.1.3 Sununary of S0GBASE-R sublayers

Figiwe 1331 shows the relationship of the SPGRASE-R PCS sublaver (shown shbded ) with othir sublayers
fythe F‘%G Opm System Ddvrconnection (O8] reforence wodel.

133.1.3.1 Physical Coding Sublayer (PCS)

The PCS sorvive interfics iy (he SUGMIL, which is defined e Clasise 132, The S0GMH provides a unifam
intorface tothe Reconciliation Sablayer for all 58 Gbfs PHY noplomentations

The SOGBASE-R PCS provides ol services requived by the S8GMIL

183.1.4 Inter-sublayer interfaces

The upper interfice of the PCS may connect to the Reconcibidion Sublyyer through tie SHGMIL

The dower inerfuce of de PUS onneets to the FEC aubkover. Tihe optionad LAULY interface (e 13581

and 1350 1) ds physically dnstantiaied dm,s_rb below the PCS sublaver, then the lowsy lndorface of the POR
instead commects 1o the PMA, The 30GE i

3E-R PCS is based on 4 PEE Janes aud has @ nontinal tate at the
FEC or PMA sonvice interface of 12890625 Gbvs por PUS Tane, which provides capacily for the MAC dan
rate of S0Ghs.

Tt is Important fo-note that, while fds specification definsy foterfives in térms of Bils, octens, and fames,
bapementations pay choose other data-path widths G nplomeniation convenichee.

Copyright © 3017 IEEE. All rights reserver.
This i an unapproved IEEE Standards drafl, subjecd o shange.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000191

L B S Yk teen

~%

i

0

T e

PR

29
3¢



Draft Amandmentic IBEE Sid 802320158 [EEE Draff PE0OZ SediDy 2

JEEE PAI2 300 Task Farce Zsd February 2097
ETHERNET
LAYERS
HIGHER LAYERS 2
051 2 {LE OR OTHER MAG CLIENT
REFERENCE 5 : -
MODEL ol MAC CONTRCL (OPTIONAL)
AAAAAAAAAA LAYERS ' MAD
APPUCATICN FE RECONCILIATION
eresentaion | 7 SOGHIL ~—9r
i JGBASE-R PCS N )
SEasION R SUGBASE-R PCS \
i -
‘ - D FEC
TRANSPORT | [
e PRA L Py
NerwoRk | f TR [
QATALNK |7 AN }
PHYSICAL Mm ey
mmmmmmmmmmm ! MEDIUM <o
b -
e
SRGEASE-R
SOGH = 50 Gois MEDIA INDEPENDENT INTERFACE  FHY = PHYSIOAL LAYER DEVICE
AN = AUTO-NEGUTATION PiiA = PRYSICAL MEDIUM ATTACHMENT
LLC = LOGICAL LINK DONTROL PRID = PHYSICAL MEDIIM DEPENDENT
MAC = MEDIA ACESS CONTROL FEC = FORWARD ERROR GORRECTION
RADH = MEDIUM DEPENDENT INTERFAD
FOS = PHYSIDAL DOTING SUBLAYER NOTE 1--CONDITIONAL BASED ON PRY TYFE

Figure 133-1--50GBASE-R PGS relationship to the ISOAEC Open Systems Interconnection
{OSH reference modsal and IEEE 802 2 Ethernet model

133.1.4.1 PCS service interface {(SO0GMIB

The PCS service mieriace allows the SO0GBASE-R PCS 1o mansfer information o and from 2 PCS ol
The PUS client is the Reconeilintion Sublayyer, The POS Servive Interfice is delined as the SOGMIL in
Claues 132,

133.1.4.2 Farward Error Correction {FEC) or Physical Mediom Attachment (PMA) service
interface

The FEC or PMA service interface for the PCS ia desoribed i an shaitadt manuer and docs notamply aay
particular inplenientation. The FEC o PMA Service Interfave supports the exchangs of snnoded dala
between the PCS and the ot PMA sublyyer, The FEC service intorfiios s defined i 134.2: The FMA
sprvice oterfice i defined in 1353

133.1.5 Functional block diagram

Figree 133~ provides & functional block diagram of the SOGBASER PCS.
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Sesamble
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inseriion

Dasgrambia

i
|
Algnment
rarnoRl

*

Laneyenrdsy

BER
mnites

Alignment logk
Lare deskaw

Lane tlonk sy

F 3

mEbiS_UNITDATA frequest

{

£50 o 3 for SUGRASE-R)

insHS, SiG

dalndivation

sEIS UNITORTA Lindication
§F= De 3 for SDGRASE-R}Y

b, 4
FEC or PMA sublaysy

Figure 133-2—5RGRBASER PCS functional block diagram

133.2 Physical Coding Sublayer {PCS)

133.2.1 Functions within the RS

The SOGBASER PCY shall have ol of the functionality of the J0GBASE-R BCS specified fn Clause §2
with the following exceptions:
£ The nongnad rate st the FEC or FMA serviee fnterfios in FRRB0625 Gbs por PUS Tavie, sather than

32s

Ghis per PCS lane
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2} The slignment prarker spacing s modified sich that alignment wmarkars are lnsaied afier avay
20479 65-bit bocks on each PCS Tune, raiher than aBay every 16 383 H6-hit blocks oo esch PUS
fane as deseribed i N7 (See 133,22
3. The definitfon of "owrrent g™, “am counter” “ber oo™ and “xus Smer™ ju the state diagrans
defined fa ¥ Fane modified & aconout B the difforvat aligniesst warker spacing sud tee differ-
cnt data vate {See 13324,

43 The optonad deop steep mode of EEE4¢ ot suppanted,

133.2.8 Alignment marker insention

The alignment matkey tnserdor for the SOGBASE-R PUS 4 identicsd to the alignment marker bertion for
the JOGBASE-R PUS described in 8227, with the exception thyt the alignment mgrkers shall be lngerted
affer every 20479 66-hit blocks on each PCS fane, rather than sfier eviery 16 383 66-bit blocks oneach PCS
tang as dossribed 4 82 Alignment marker nssriiony s Husuiied I Flgars 1333 and Flrars 1334,

PCSLane 0  lasblook iz || |66h Block s E {ttorkern - || oobink4 |1 | cooBloskd |

©CSLanet [sbBoc 3 || [8enBloch® || [ Markert ||| oSbBiekS || | 6aSiocet ||

aeb Bk & |1 est Boakz ]

PLELabe g ;6@& Bioek 14 E § §$§b Sl 10 | i i Markar@ i i

postaned  [ememnis 1| (s monn | [vmas T [semswss T [ewswas 1]

Figure 133-3-—Alignment marker losedtion

’{aligﬂmem marker

Pos Lane 0 T IL IS LI L IS I Tn
PESLane 1 TN T s‘zg;"i's AN A\ G S 1
POS Lane 8 S RS I
peS Leos 3 [N I I 1 - 1

{

20-479 bocks betwesn alignment maers

Figure 133-4—aAlignment marker insertion periad
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The formatof the SEGBASE-R PCS allgnment markors 1s 1dentical to e fornwat of the 40GBARE-R PCS
aliziment markers deseribed fa 83237 and shown i ©

The contentof the SO0GBASE-R PCS aligrunant m»nksrs 15 idumc*ﬁ o ihe content of the 40GRASE-R PCR

alignament markers desvribed in 8827 and shown i}
133.2.3 PGS lane deskew

The SBEBASER PCSreeviver shall suppost 8 traniioume Show of 49 16 and a maaxhinum Skew Vaclation of
{Ldns.

Skew and Skew Variation we defingd 31314
133.2.4 Detailed functions and state diagrams

B3

¥ with the exception that

The state Hagrams are identicd to Those Tor the 40GBASE-R PUS defhed
sonie variables, cowrdees and timeny are redefined ag follows:

SHETE s
This variable bolds the hue pinber of She curront alighment marker. This §s comparad o the
varizhle frst st to determine i e have aligniment matker fock and is always nox 20480
§6-bit blocks away from the fivst am,

iRuvitiicy
This counter counts 66-bitblocks that sepanie two conseontive sligoment markers, The enmi-
wal count is 20478

This counter counts ap to wpxvbm of 97 of the nigwber of ivalid sinie headers within the
carvent 1 ins period.

X5 ey
et that isdrizee vere Loy V1%, ~25%,
Timer that s triggered every § 10, 25

R

133.3 Delay constraints

The maximnn delay conibuted by the SDGBASE-R PCS tsutn of ransimit and receive delays atong oud of

the link} shall be no ove thap 11 264 BT {22 panse_guanda or 22538 nsh & degoription of weonl] syslom
detay constrarags and the defiitions for it times and pause gquadt car be foand #y 1314 aud it seferences,

133.4 Auto-Negotiation

The following soquirements apply 1o.a PUS used with a S0( : ASECR or SOGBASEKR PMDY where
sappart for the Ao Negotiation prosess defined i Clause 73 s mandaiory. The PCS shall seppost the
pripitive AN LINK indication{link status) {see T8 The p%ra.nmm ok statos shall take the vatue FAIL
when PCS stagis=Balse and e value OK when PCE_statds=tnue. The peintitive shall Be goanestod when te
vithie of linksiatwes chungses.

copyright © 3017 IEEE. All rights reserved.
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133.5 Protocol implementation conformance statement {PICS) proforma for
Clause 133, Physical Coding Sublayer (PCS) for 64B/68E, type S50GBASE- RS

13381 Introduction

The supplicr of g protocol npleomentation that is clalmed o contornt jo Clause 133, Fhysical Coding Sub-
tayer (POS) for 64B6OB, type SOGBARE-R, shall comple the Tellowing protocol inplempniston confor
msnee statement (PICSH nmiﬁmm A detailed doser tption Of the synthols umd in the PICS proforns, wlong
with instructions for compleling the PICS proforma, can be found ind

133.5.2 identification

133.8.2.% Implementation identification

» Sl_l}‘)}]ﬁi:‘:fit

Contsct point for feguivies aboat the PICS!

o g e . R 1
Treiplemerdaitn Namas) and Vesion(yy

Other inforation e
RED{s 3 ami su\ma 3 &

- for Sl identi ostion—eg.,
eachines amlior Dpeaiting

- Regiieed for alf nplementating.

o Bty e completed a8 sppropriste iy mceting e regupwens iy
e B feoms Nae and Vession shonid b toier -n wied apprapoately B
e Series, Madel).

Hhe identification,
> comespoad Wit @ supphieds tenoial-

ns\m g

133.5.2.2 Protoco! summary

%gd 802 Rd«ztzix g 13y, {‘hwn\x Cmihﬁg
Suhims_s {PLUS) for 64B4606B 1y BASE-R

Tentification of protocod stindeacd

gﬁ;\id o ?!m

M\:smi 1c<ﬁmt= ai Bmmtksmﬁx dmi LT

: : Neef ] Yan | 4
T the answer Yos aneany thst the ingplomentation does pot condony o IEEE Bid 82 30d 2085

Bage of Sistemant

T BIOYE peoferm ol this sraudand ey Seele repradiee the PICR jrofraa by thes subslanse o st 3 o
b used for its dntended purps and sy Stlier publish tee vomgdead PICK,

Copyright © 2017 IEBE. All rights resemved.
This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.

137

Marvell Semiconductor, Inc. - Ex. 1002, Page 000196

L

-~k

ok 03 Bod b
A ok 3

gl

46

Lh U e
Foo v s &



Oraft Amendment 1o IEEE Sig 802320145 IEEE Draft PRUZ2 308012
{EEE FRO2. 3cd Task Furge Beet Fabriary 2047

133.5.3 Major capabilitiesfoptions

Hem Featnre Subelwuse Valoe' Comment Status | Suppert

£OR Rupports SOGBASEBRPUS | 13X " Yes{ |
functionudity :

NGESG SOCH ogical tmarfice Topionl intecfere 38 supported {3 L o¥est)

M0 MBIO Regivers and fterface 0 Yot
supporied i

PRIA Supports operation dirsetly RERR S 3.4
cetnedtind W0 A :

FRC Suppotts operation direcily

REERSL] o | Yesf)
connmeisd s a1 FEU sablayer '

A

*FEM Rupports fest-pativrs mnde

133.5.4 PICS Proforma Tables for Physical Coding Sublayer {PCS) for 84B/BEB, type
S0GBASE-R ’

133.5.4.1 Coding rules

Feature Subilausy Vidue Tonmvent Status | Suppnrt

Tiotion) nplamants e code
3% specified

[
i

Decider {and RECODE
fucshon) haplamengs He
ay spocified

O3 Ondy vabid bloek ypes e
fransoaited

Af You |}

e

Mo | Yes[)

Cd fovahd ook tipes are treated 5 i
©ORY RE SO g

OS5 Ondy valid sontrol charactess M | Yeal]
L are tnniiied i

e ! Tovadid onteol charactens e M | Yesid
i geonted as shesor i

3 P Sdthes sho ot iteroapt dats M | Vel

€8 | IDLE conimt code insertion M Yoy}
¢ e deledian.

& | Sequence ordured set deletion M Yauf |

¢ Cotverptive seqeenge
Sis may be deleied

Copyright © 3017 IEEE. All rights reserver.
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133.54.2 Scrambler and Descrambler i
%
)
Hem Fentare R[ubclagse WateeLomument Statuy | Sapport i
Al Scrimifder Peoting sk iy M Yiwid 6
S2 DBescrpmbler SRR IR M Yes | } o
: 10
it
o 12
133.5.4.3 Deskew and Reordening (1
4
- 18
Hewm | Feataie Walueiompaend Status - | Suppori if
: - ihd
R — 7
PRI Deskew M - Yaw i} (8
SO SOOI U SO S %
(2 - | Hewdenng 5 Fes {1 ]
' 2
23
133.5.4.4 Aligivment Markers 3
4
28
= ; ) . - ) 26
Heom | Fuatnre Subdanse Value/Conunent Status. | Support oy
H X . . X ) ) R 38
AME 1 Adignent meaker sestion 3322 Alsgnrnent maghe are A Yestd =
fnserted perfodicadly as 29
desceibed dsechion 13332 3G
AM L Alizament miarker foonad 13333 Abignvoent ks formed | M Yes i}
A G DRPPE PN fane smber 1s capinred MM
133.5.4.5 Test-pattern modes
Festure Subdclarse Vale/Conumnent Shadue | Supput 42
crambled wdie A Py o FEdMEN ]
t~patiens
i impdorasnted
FED Serembled e regeiv Performs ay in 832 JTMEM
niented
BN Fransuat and roogive JEMM
] Hor thodes can
§ te sinanitansoushy

Copyright © 2017 IEBE. All rights resemved.
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133.8.4.6 Bit order
Hem Feature Ruboiagse Value/Comment Statas - | Suppert
i B Transit e ovdey HEE TR Placement of bilg inte fhe PO M Yiu i}
: tanes as showa in ‘
i 334 Feceen htorder Pavemen of bifs into the M Yea ]
; JOGMT ws dowa in

133.8.4.7 Managament

frem Feuture Qubclause Valuevmment Biwfus | Suppaert
Ml Almate 0
| vgement
133.5.4.8 Siate diagrams
Hem Feature Subokase | Value nmmen Séning Sixppet
i SMi SOGRASER Mock Lodk {3324 - Buplomsivg 4 ok fock M Wes |

s deprotad

i &M Thee SLIP hoction evalnates
ail possible it positions

i M3 SUOBASE-R Aligmyent 13334 | Implevnents 4 aHgnmest M Yes i}
Mo Lock ke look processes g

depicied in

| Shi4 The AM_SLIP hawtan ovider | 13324 3 Yesfd
fites aff possible blosks

{ A3 SUGBASEAR FOR doshew 3324
siate dingram

| {swe

i SMT | SOGBASE-R Teamsuit prosesg | 13524 M Yes {1

i M SHGHARER Hegelve provesy | 13324 & o}

i1 Copyright © 3017 IEEE. All rights reserver.
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133.8.4.9 Loopback

EEE Dvaft PBOZ SediDY 2

Zed February 37

Hem Featare Subciagse ValueLonunent Statay | Suppert
4 Supparts Toppbiek R4 Perfinns as iy, 3 Yeald
G SR Perfums as in M Yosi

133.8.4.10 Delay constrainis

Tean Featare Sublanse Value/Cobaent Statws - | Support
TIM POS Delay Constaint 1333 Neomore than 1] 264 RT fw M Yaa il

stun of fransot and recdive
133.5.4.11 Auto-Negotiation for Backplane Etharnet functions
Fesdnee Subelavse Vadue/Comment Sipiue. | Suppart
e weith 4 R2.4i | et
Ry Kol
RPMD
AN} ion poingtive | K38 of the pringiiive &
; AN LINK mbicdioglink siy- B
: tus}
AN ek, statos passusier LR Tekos the value OK or BATL, ANM
as doscriboddn 82.6
AN 826 Uieneraiod when e valne of ARN | Yes{d
finkstatus changes NEAT
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134. Reed-Solomon Forward Error Correction {RS-FEC) sublayer for
S50GBASE-R PHYs

134.1 Overview

134.1.1 Scope

This vlausospesifics x Reed-Solomen Forward Baror Comention (RE-FEC) sublayer for SOGBASE-R PHYS.

The RE-FEL sablayer for SOGBASE-R PHY v iy idomtical to the RS-FEC suldager &or HOGRASE-R PHYs
specified in Clanas 91 with fhe {ollowing exceptions:

13- Theservive interface bas foin POUS laves tostoud of 20 PCS langs

2y Jranly implopents the BS{344 514) Reed-Salamon encoder apticn defined in

3y The sutpot of the Beed-Solotuon cticader is Slstribined to two FEC faires, raffor than e fouwr FEC
lgnes deseribed In 1328

4y The ligunent marker processing is modified to seoount for the dilferencs in the slgiuent marker
format bevween the SDGBASER PCS {Clause 133 and the 100GBASE-R PUX (Clauss 82), for the
fact that the aligmuent markers are mapped 1o two FRC lanes tuther than four PEC Tanes, and for the
fact that the alipnment marker miapping W the twe FEC lanes needv ke maintaln @ 1-bit aligament
The definttion of some of the vriables and eonnters for the state dingrans in 91,54 are nodified to
support the difforsn aligument ioadker spacing and the different number of FEC Tanes

I
RS

6y The stares Wentitied a5 optional in e FEC synchronization sipte dlagrahin %8 8
ate midatery for tie SRGBASE-R RS-FEC.
7y The optional EEE deep sleep oopability Is nat supporied.

Figure $1-3)

8y The optional FEC bypass correction feature is not supported.
134.1,2 Position of RS-FEC in the B0GBASER sublayers
Figore 1341 shows the selationship of the RSPEC sublaver o the ISOVEC Open System Intgroonngetion

{CERT) reference moded,

134.2 FEG service interface

This sabichse specifies the seovices provided by the RSFEC sublayer, The service interfics is degeribed in
an-absiragt msirer and does not aply aoy particalar inpleraatation,

The FEC service interfiee i provided 1o alfow the PCS to smsfor informuation to snd feom the RS-FEC, The
PCS may be cotmested-fo the RSFEC wsing an optonal ingtantiation of the PMA service intorface f5ce
Anney 1358) in wihdch case a PMA s the ddient o the FEC service interface.

The TEC service interfaos is s insince of the buter-sublpyer service dntorface defined i 13130 The FEC
service inferface primitives ave semmarized as follows:

FRECHS UNITDATA fregquest
FECHS _UNITDATA  Lindicatton
FECAS. SIGNAL ndication

The RSSFEC oporstes on four pavidiel bit sitams, hietice =0 3,

Copyright © 3017 IEEE. All rights reserver.
This i an unapproved IEEE Standards drafl, subjecd o shange.

142

Marvell Semiconductor, Inc. - Ex. 1002, Page 000201

L B S Yk teen

~3



Draft Amandmentic IBEE Sid 802320158 [EEE Draff PE0OZ SediDy 2

JEEE PODR. 35 Tusk Foroe ard Fetyuary 2017
ETHERNET
LAYERS
§ HIGHER LAYERS
st ; LLG O OTHER MAC CLIENT

REFERENGCE / ;
A e . MAC DONTROL (OPTIGNAL)

LAYERS ; WMAD

<
ARRLICATION ; ; I RECONCRIATION
PRESENTATION L4 SOGMIE—» .
£ N
session | | SOGBASERPOS

TRANSPORY | £ ¢ FEC
; i ST EN » PHY
NETWORK |, pyes
DATAUINK Y an' i
PHYSICAL X T—

SOCRSH = 50 Ghis MEDIA INDEPENDENT INTERFACE PRIA = PHYSICAL MEDIUM ATTACHMENT

AR AUTC-NEGDTATION PR = PHYSICAL MEDIUM DEPENDENT

LA = LOGIGAL LINK CONTRDL REFEQC = REED-SDLOMON FORWARD ERRGR
REAG = MEDIA ACCESS CONTRODL CORRECTION

ML = MEDIUS DEPENDENT INTERFACE

FOS = PRYSICA, CODING SUBLAYER HOTE 1--CONDTIONAL BASED QN PHY TYPE

PHY = PHYSITAL LAYER DEVICE

Figure 134-1--RE-FEC relationship to the ISOAEC Open Systems interconnection {OSH)
reference moded and the IEEE 802.3 Ethernat modal

The PCS or PMA continnousty seods fvor paratiel bil sivesong 1o the BR-FEC, one per POS lane, exch at s
noptiuad signating rate of 12890025 Gy, The RS-FEC continvousty sends Tonr paralle] it streans o the
PCS or PMA, soae por PCS lane, cach @l a ponvtnal Senaling rate of 12390625 Ghfs,

The MONAL_OK parameter of the FRCIS. SIGNAL. indication. primitive can take ong of two wilues; OK
of FATL. The value 3¢ set fo UK when the FEC secetvy fanction has identilied codeword bormdaries a8 fudi-
oted by fee alien stptus oqusl 1o true. That value §s sat to FAHL when the FEC recelve function is ungbleta
reliably cstablish codeword boundarics as indivated by for_align stans equal o flse, When SIGNAL OK
s FAIL, the rs_bit prvameters of the FEQIR_INITDATA ¢ indication prindtives are woddefingd.

134.3 PMA compatibility

The RS-FEC sublever seqisives that the PMA service taterface sousist of sxactly b vipstrears FEC s
and exictly two downstreany FEC lanes, with oiich lape roring st 8 nomnioal signaling vafe of 263628 Ghvs,
Therefore, tie RE-FEO suldaver may he g chient of the SBGRASER FMA sublayer defined 10 Clause 135,
when. the PMA service interfyce width, p iz setio 2.

Copyright & 2017 [EBE. Al riphts reserved.
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134.4 Delay constrainis

The maxioun delay contribied by the BS-FEC sublayer (sum of transmif and receive delays
the Bak) shall be no miore thayy 28 600 bit times (50 panse gquanta or $12 nsh A d;.s;(:“ipi‘it\n of overall system
delay constraints and the definitions for bictines and pause quaima con be fourd fe 1314 and iis reforences.

134.5 Functions within the RS-FEC sublayer

134.5.1 Functional block diagram

A functiogal block disgrim of G RE-FEC sublayer is showi e Bigire 1342,

134.5.2 Trapsmit function

134.8.2.1 PCS Lane block synclyonization

The BS-FEC transinil finction fovmys four b stresns by concatedating (e bits from cach of te fow
FECAS _UNITDATA /request primitives in the order they are recetved. Tt obtains lock o the 66-bit blocks

fny vach bit strem using the syn¢ headers and oulputs 66-hit blocks. Block fock is obtained as specified in the
block fock state diagram showa in ) 13, but using the variable definitions fom

134.5.2.2 PCHS Alignment tock and deskew

Onee the RE-FEC vansutl finstion achieves blogk lock ob g POS lang, it then begins s}bmmiw aligraent
marker fock a8 specified by the atigranent marker-logk state dlagrasy showit o § 13, but using e
viriable definttions fom 133.2 4. This process identifies the PCS lune nomber 1 ds o a pms tcudar ke
of the service inferfice. After aligmmicut muker fook b achivved oo &l four PO Tanes all inter-hane Show is
remrved as specified by the PUS deskew state dlagomm showoy in § 14, bat weing the varizble defini-
tgons fom 13324, The RS-FEC wansimit fnction Shatl suppotaw mum Skew of 49 1 and a iy
Skew Variation of 0.4 ps, Skew and Skasw Viwlation are defined in 1318,

134.5. 2.3 PCS Lane reorder

PCE lanes can be reveived on different fanes of the servics injerfyce fromy which they were oviginally trans-
mitted due to Skew between tanes and muliplexing by the PMA. The BSFEC iansmit Revetion shall order
the POS lanes scoovding to the PCS lans number,

134.5.2.4 Aligrwnent marker removal

After sl PCS lanes wre sligned and deskowed, the POS lanes see muttiploxed together i the proper onder o
reconstructthe ariginab stveam of Blocks and the alighment markers are reatoved from the date streasn. Note
that an gligranent ouirker Is always removed when amy_Jock Is trug for a given PCS lang even i # doss not
muitch the expeted sdigyanent marker value (due fo 3 bt aror Ty sxample). Repeated alignment mrakes
errors result Homn lock being set . false for a given POX Tane, bul uwnil Ut happens #Uis sufficient 1o
remove the blogk m the shgaent nyuker position.

As part of the aligronend wardkey removal process, the BIPy field s compared o the aalcidated Bt Toter-
jeaved Parlty {BIF value {son 32285 for esch POS fape. 10 Clause 45 MO s baplenwenisd, then the
appropriste BIP error coumter register (rogisters 1330 {0 1,233} 48 tncvemiented by-one each tme the ciden-
tated BIP sahe docs not squeal the value received i the BIPy field. The dncoming bit crror ratlo can be st
mited by dividing the BIP block errar ratie by a fwtor of T 351 /8¢,
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FECHS._SIGNAL indication

:
FEC5_UNITDATA_O request i *
FECUS_UNITDATA 3 cequest

i, '

FEGHE_UNITORTA I indication o
FECHE UNITOATA Aindicalion
i

EEE Dvaft PBOZ SediDY 2

Zed February 37

PGS Lana block Adignmsnt -
synchronization ingartion b
y )
POS Alignrasnt ek Biack
and duskaw distritnition
FY Aligtiment
s 3 ‘mappitg
*
PO Lane reorder Trangsoode )
Aligrment _ Aligrument
FerTEEl : renoval
. ; 1
i & ] Alignvent Resd:Soloman
it mapging | deceder
Angament . 40 i :
ingarion FEC Lane veorder
Fead-Solomon FEL Alignmett joek
arnose amd deskew
Symbot
Sistribuition
T RS-FEC sublayer
F’M&:ESA_EJN?Tf}ﬁﬁ&ﬁ.r&qwest kil PRIAIS_UNITDATA O indication to
FMAAS_LNITDATA_ request PREIS_UNITDATA Yindication
| PIACS, SIGNAL indisation
PhiA sublayer |

Figure 134-2~Functional block diagran

134.5.2.5 B4BI668 to 256BL2ETR transcodey

The cdirasl o
defined m 918
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134.8.2.8 Alignment marker mapping and insertion i
3
The aligsment marksrs tiat wers removed por 1345 2.4 are re-insertad aftor being processed by the align- 3
ment marker nupping Hmcton, The shipunent narker mapping fenclion compensates for the operation of 4
the syobel distibution function defingd in 134.5.2.8 and rearranges the aligoment murker bits so that they §
appear on the FEC Twes infact and i the desired sequence, This prescrves the propenies of the alignment 6
markees deg, DO badance, ansition dewsityy and provides 7 detenainistic pattern iy the pirgose of sy 7
chronization & te recetver. The BS-FEC veceive fmetion uses knowledge of 1his mapping to determing the &
FEC ke that Is wceived on g given lane of the PMA servies fntorfics, to sompensate Kor skew botwenn @
FEC lanes, and o identify REFEC codeword boundiries. {4
11
The alignment vavker mapping Dnction operstes on & group of four aligned and reordered aligment mark~ 12
ors roceived from the PCE. Letarn_ix_x<65:0> he the alignnient marker & PCS Tanes ol ke 3, where bt 13
{ is the first bit sunsoniited, The slignoent puwkers shadl beawpped to am Ixmapped <2560 i 3 manner 4
that yvickds the same resude as the following pocss. i5
i
Fori= 3, smp I o630 g oxmstracded as ol 17
e Set v O wvhony £ 1 ofherwise sof y=x. ;8
s
- 2
...... 23
4
25
26
. g - = A 1 . - ; . o »F
This process replacis the fved bytes of the alignioat marhers received from the PCS, possibly with eirots, =
P B s v . o iy ; . 2Q
with the values from o8 In additfon # subsiiinies the fned byies of the Wigmment markers comre- :“;‘
. ‘ oy . 3 5 Y R&S
spranding to PCS lanie | with the fixed betes for the alioment marker eotrespanding e PCSlane ¢ The varl- }
able bytes of the alignment nuwkers received ooy the POS (BIP; and BIP) are unchanged. This simplifies :‘3

the sytichrontzation procesy af the RS<FEC recciver, a¢ thy reopiver only niveds tir seaveh for the fined align-
ment marker bytes cortesponding 1o PCS Iane 0 on ouch FREC lane,

gy ipayioads<0,1 3200 and s txpayioads< L I250 are then constracted from amp ix e foliows

e PR, G e s O BRI

------ am_ixpavloads<l, 63:0> = amp i 1 =
— - ae ixpmdonds<l 19SS = sawp ik ISR
i Akpvinadssd | 135265 = amp g IOH3IBE

This protess is an inteemediate step e gensration of am: txinapped=<236:0%, apd i Hlusided n
Figure 1343,

Givens F2to 1 A0 0 12, andp=h24, am_tromppedR 8500 iy constructed fronraro, Ixpaylonds s follws

e 30 A8 tien s xonappeds IO T = any Ixpayicadsi (OB 108

""" an knapped 258280 = g xpaviodsd, 138420
A 1-bit pad is gppended o the mapped aligpment markere to yeld the wudvalent of toe 2537-bit block. The

pisd bt am tsnapped=236>, shall be vet to 8 or 1 biran sHornating patiern,
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am. gxenappeda@SH s lnsenied e the dota path prior 1o the Reed-Seleion encodsr 3¢ Figwre 134-4)
every 4 N 20480 60-bis blocks, cotresponding fo gysry 1024 Beed-Solomon codewords. The mapped slign-
mert makers, AN xuapped<I 360 shall be dtsertod ay the first 257 message bits {o be transmitted svery
124 codeword, The first 2379bil block biserted alier amy xmapped shadl correspond to the four H6-bit
Pocks recedved on POCS lanes 0 1, 2, and 3 that bumediaely followerd the aligainont parker on sach respes-
tive POS fane.

The result of this slignent mapphig process s that sher Beed-Solomon encoding sad symbeol disteibution
(U357 and 134.5.2.8 rospeotively), the alignuasnt marker it pattonss shosent i Figuse 1343 appoar on
the two FEC output lunes and aligned with the start of every 1024 FEC codeword. The FEC receiver nses
thisdnfornwtion to lock onto the twi PEC laneg gnd & identify the FEC codeoword boundurics.

An additional royalt of this aligninsnt mappiig process, {5 that the BIP; and BIP; fields fomt norand PCS
alignment nxwkers arg currled across the Hnk protecied by FEC. These fields cannot be used jo moniior
errars o the Hink protected by FEC as IR/66B 0 236B2STR wadscading and Reed-Solomasr encoding
aliors: the it sequencs. However, these flelds may sgain be used 10 monitor crrors after the orgial bit
spquence is restored, L, flowing Reed-Solomon decoding and 236B/2578 10 64B/GSB wanscoding,

FEC Read-Solormen sinbot indax; £ 1058 symbolsy
Lane 3 - . ¥
pltizfulaislelvleln olulelne el vlele
tanad ardp b 065 s b 2083
2 gy - oo & % starmtied
Lane 4 anp by 1063} amg b 3065 58:43) i “.
G 63l o g1 \\'\
T T o 4 ?\\ e, % 56T
St of FEC codeward 1 257-bit AN blogk finsiuding 1 bit pad TNt s

Figure 134-3-Alignment marker mapping o FEC lanes

134.5.2.7 Reed-Bolomon encoder

The Bead-Sclomon encoder is idsstical 1o the RE(344,514) Reod-Solomon encoder defingd n @
134.58.2.8 Symbuol distribution

Once the datx has been Reed-Solomon sncoded, 3 s disivibuled o two FEC lanes, ong 1D syobal at 5
e i 2 rovnd robin distribution from the lowest fo the highest numbered FEC Jane. The distribution pro-
poss is shows. i Pigarg 134-4,

134.5.2.9 Transmit bit ordering

The trangtt b ordering s llusmited in Figurs 1344

134.5.3 Receive function

134.5.3.1 Alignment fock and deskew

The RS-FEC roceive fiction forms tweo it streaims by concafonsting e bits Sroue cuch of the iwo

PMAES TUNITDATA Findication prindtives duthe order they gre tecetved. B obtadng Tock to the aligninent
roarkers 8 specified by the FEC synehronizniion staie diagram shown in Figure ¥~ but using the variable
defiitions oy 134.54,
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Fram Aligranerd semoval

F48

fg I coded 0 ody  fxvoded 1 pfp  Moocodsd ¥ pgdp  brended ¥ piwed
A
FARMEE dp 280B/IGTE fransooder
e | 14 serambled 258
i. ...... ars_fimappad
» Alignment inseriion
My
o i
-y
message .
P
: ‘ResdSolamon ety
Foax = Moy S = 00 8%
£3 >
codewed
o «
ﬁ\a" e
Symbptdisinibution
&y s ‘
A NN
Sngai Gsazl
Q i#]

L8
PAMS,_UNITDATA Grequest
l PAA_UMITDATA_ fonuest

+

Figure 134~4—Transmit bit ordering
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After alignment nwwker lock ds achivved the two FEC fones, all hutor-lang Shew R remerved a3 spocified by
the FEC alignment stute diagnmm shosm in ¥ 3. The FEC receive function shall suppott a smaximum
Skew of 180 ns between FEC lanes and a maxintam Skew Variation of 4 s,

134.5.3.2 FEC Lane reorder

FEC Tanes carr be riceii ; ce mnterface fronthwhich they were originaily taie-
mitied. The FEC recsive mwunﬁ shatt order the FEC lanes according o the FEC lane munber {see
1345268 The FEC lane mumber ix deflned by the sequenos of alignssay marhers that are mapped tocach
BEC lane,

After all FEU lanes are whigned, deskewed, sod reordeved, the PEC hanes are multplened together i (he
proper owder to reconstaiet the original steeam of FEC epdiwords.

134.5.3.3 Reed-Solomon decoder

The Reed-Sokwon decoder extracts the messaze bole from the cedewond, corrouts them 48 nocessary,
and discards the parity synshols,

The RE-FEC sublayer shall be capable of comecting any condination of up to =15 symbol eirors in a code~
word: The RS-FEC soblayer shall also be capable of tndivating when ait eveored codewand was ot corv

recied. The pmbahzhn that the decoder fills to indicate @ codeword with 41 orrovs we uncorrecied ¥ not
espaciad to excend 1Y, This Himit is also expected to apply for +42 ervars, t+3 ervors, aned 5o on,

The Repd-Solomusn decoder shall indicate errors 10 the POS sublayer by intentionally copnpting 66-bit
block synchronivation headers. When the dm.m&f detersnines that o codeword contains evrors that were ot
corrected, it s that for sveey other 257-bit block within the cpdeword starting with e fiest {1st, 31d,
3ty aie), the svnclronization hosder for the fiest 66-bit bock at the outpr of the 2536R2378 1o 648/668
franscorder, wxcoded G e sef o HL I addition, R chall sosyre thatex u)(i;‘d Dl coresponding
fo the serond 257-bit hlock snd rx coded AL comesponding o the last (P.t‘m} 57-bif blogk in the code-
word are set o 11, Setting rx_coded 010 i 11 as described causes e PCS 1 ;iﬁﬁié.ll R_BLOCK -
TYPE=E to the 66-bi Block mid decade s content as EBRLOCK. R (ses { 3.3y This
vatsds the PCS fo discard «ff frames 64 byies and larger Ut are fir Iy or pactiadly contained within the cods-
word.

The Recd-Solomon decoder - optionalhy provide the ability o hypsss the ervor ndication featare 0
redace the delgy contributed by the REFEC sublayer The preseiios of this opliolt I8 indicated by the asser-
gon of the FEC bypass indieation ability variable (see 134625 When he option is provided it 18 enabled
by the assention of the FEC . bypass_idication_soable variable {sex 134:6.13

When FEC bepdss indication snable i asseried, sdditional cror manitiring i paefrmed by the R&FEC
sublaver o redoce the likelibood that crvovs i a prcket are aoi detested, The Reed-Solonon decoder counts
the numbsrof yvmbol srrors detectod In consceative son-gverlapping blocks of 192 cadewords. Whe the
nuntber of symbol crrors in 4 block of 8192 codewords oxeseds 638G, the Reed- Solomon decoder shall
saese synchronization header m_codod< Lk of wach subsequont 86t ook that & delvared to the PCE 10
be assigned & value of 00 ov 11 for v period ol 60 om0 78 ma. Asa resude, the POS seis b ber = trug, which

inhibits the processing of received packen, When Auin-Negatiation is supported and snabled, assertion of

HEber causes Aulo-Negotiahon o resiart.
134.5.3.4 Alignment marker removal
The Flest 257 miessage bits o every 14 codewond is The vector amy rwmspped<256:0> where B 0 is fhe

fiyst bt rocolved. The speeific codiswonds that inchide this weclor are ndicased by thy aligraent kek and
deskens fumction (see 134531y,
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The vecw am rxmapped shall be remurvad prior to transcoding.
134.5.3.5 56RU257R to B4B/6ER transcoder

The 2368723
defined in @

B o 64B/66B transtader is identical 1o the transcodey fir e IGGBASE-R RE-FEC suldayer

$34.5.3.6 Block distribution

ARer the daty has been: iranscoded, 1t shall be diswibuied 1o four POS lanes, ons 66t block st s time in g
raund robin distribution -fom the kewest to the bighest mumbered PCS Tanes. The distribution process iy
shows i Fig

134.5.3.7 Aignment marker mapping and insertion

"i"ha a‘iia,nm&m‘i marker papping Rmction compensatvs for operation of the fane reovder fanction {see
13452231 10 devive the PUS late alignment wmarkers, ap yx oG8 feoe=0 e 3, fan amorxe
mapp»w""%{r.ti? {aoel3. 338,

The altgiment markers shall be degved frow am exmapped 230105 e a manver that vields the swme resalt
as the Bvllowing pracess,

Civen =0 to 1 010 12, and o2l am_rxpavioads is constructed from am mmappad a¢ followsy
- Hr = 253 then am,_rypayloade<d, (L0108 = am_punipped<{1 #0918
I TXPEY fomds< P 128030 = g rumapped 285250

The one biv pad any yvinapped<236> 1 ignored by the receiven

Forg=0in 3, snp_1x as63:0> iy constencted Trons am. sxpavioads as follows:
e AE o EE3 0 g rxpaylonds, 63

Ei

—  amp s Fe3e=am expaviondssl 630>
anp g TCBRE = ginrxpayivade<d, 127168
e gip X SR = am vpayicads<l, 11864

1,

g 393736 = am rapayioads<U 139028

------ arop_ny 3<H3S8 = amrxpavieadet, 1250126

For x=¢r10 3, amn_rx_voffulis cotistincted 48 follows:
s et and wm R psived

e g R RIS 38 sot My, My, and My asshownin ©
PCS Tane mumber x

Hystug He valtes i s

: ":"~"i’*i> = IR, T8

------ an X avIT A dr sot 10 My M, ami Mg ax shown in
for BCR iam mnnber 3.

------ R R TR R 3 o o T

using the valops m Tab

Onevector i swiapped fo foor slignoent markers avery 1 824 Reed-Solomon codowords (sop 134334, The
aligraent mukers are simultineonsty ransmitied on the four PUS lanes afler every 2047 70t okmm of four
at-hit blocks:
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The aligranemt markers am 1x G o amonx 3 shall be dnscrted so that they s doavedintely followed by
roeoded 0 torx_cnded 3, respectively, as dedyed Bow the Hrst 257-bit block following am_mmapped

134.5.3.8 Receive bit ovduring

The receive bit ordering fs ilusited fn Figore 1348, This Hlusttation shows the case wiwre the FEC s
appear sorss e PMAIR LITDATA, findication pandtives in the comest wder,

134.5.4 Detailed functions and slate diagrams.

The state diagrams, inchuling the asgocited deflitions of varisbles, Rnctions and counters, e identival to

{  sbose for the 1OOGBASE-R RS-FEC subliyer defined In $1.84, with the exception that some of the van~
ables and counters aes redefined o apcowg for thi differences b alignnent nruker spactng and number of
FEC lanes.

T addition, BEE optiowdl deep slecp capability 15 not supported for S0GBASE-R PHYS and therefore any
§  refersnes o the oplional BEE deep sleep capability i 9154 can be dgnored,

134.5.4.1 Sigte diagram conventions

The state dingrain conventions are identical (o thoss defined In 818480
134.5.4.2 State variables

134.5.4.2.1 Variables

This following vanables ave redefined from what Is desoribed ¢ 1.5.4.2.4

sp valid
Boolean vartabdes that s st o e 38 the recelved H3-bit block s 3 valid aligaunen nsasker pag-
faad. The alignotent marker pavicad, napped to an FEC lme acconding to the process
deseribed In 134.5.2.6, cousists of 45 known biig and 18 variable bigs (e BIF3 ficld and i
corapioment BIPT sen 7). The bits of the candidiic Block that are i the positdons of the
e bits fn the alignent wmarker payload ass compared ou 8 nibble-wise basis (13 compari-
sonts}. i no more than 3afbides in the candidate block Gl to maich the comresponding known
inibbles 3 dhe alipmnent marker payload, the candidate Blogk i considered o valid ligmment
marker pavipad. Each FEC lane compares the candidate Black toths alignment dwarker paylead
for PCS lane B,

ampss Jocksys
Boolean variable that Is e toree when the recstver has detected the Sostion of the wlignment
mraeker pavisad soquence for & givert lane oo {he BMA sorvice interface, sdwre =01

Aovariable tut holds the FEC fue pamber (0 o 1) recoived o laue v of the PMA seivies
interfros when samps, keeka = prog. The FEC lane momber i3 detcomined by the sHaem
marker payicads in the 3nd pomton of the sequsvice based on the swppitg defined in
134.5.2.6. The 4% bits that are in the positions of the Known biis in the reveived aligpmens
mrker payioad are compared 1o the expected vadues for i given pavload position and FEC fang
oy 2 pibhic-wise basis (12 comparisons] Hao more than 3 nibbles in the candidate block il
o mtch e comesporiding knows nibhles on 4 given FEC lane, then the FEC Hne vumiber i3
assigned axcorgdinghy.

feo pl fw
Bonlean varizble that controly the bebavior of the Transieit LPY and Beosive LPT siate dis-
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To Rk digltibution
L—-)-g neooded @ aelp o oeooded 1 gsly e oeded ¥ galp nosoded 4 sl

IG6RZETH 10 HIRGER Fransoader

i St

b X

: 1 3 _strambled 286 ,ldm'-m i
&mn_renapped "‘E
» Aligoment regival
543 g
- i
g i ) 3
e T message <
My o
» ? R
“ResguSolamon dedaisy
o
A I_
w3
sadensond
s
G = Mz
i - Adignmant fook, deskew, and FEC fane raorder
.f8 )
SR N
L 9
e Osagy
tey AR
& 24

PMA UMITDATA. O indication
! PRA_UNITDATA Vindication
i

Figure 134-5—Receive bit ordering

H
H
H
N

grams. This variable is sef (0 true when the local FCS is configured o use the fgr wake mechs
artisyn snd sot to fulse otherwise. This variable shall sbeays be set o tnse.
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foc_sptional_siatex
Boolean varlable that s wlways sof 1o tue o indicate that the optonal stgdes in e FEC syn-
chrsuization state dlagram In. Figure 971-¥ are nplenentsd,

134.5.4.2.2 Functions

The fonctivas are ideotion] © Sose defied in ¢
134.5.4.2.3 Counters

This following cousions are rodefined Fom what s desoribod i 91 534.2.%

P sounier
Thix counter counts he 1 024 FEC codewords that separate the euds of twe consentive mo
nal alipnnent marker pavioad soguontes. A FEC codeword 183 720 bits par FEC lans

134.5.4.3 State diagrams

The sixde diagraos yre identical to hose defined I H

134.6 RE-FEC MDIO function mapping

The aptional MDIQ capabilily desorfbed fn Clause 45 defines shvaral segistors teat provide confrel and
status infbrmation for and about the RS-FEC. I MDIO 15 foplemenied, & shadl map \'{ B!Q »anm hna o
RE-FEC control variables as showit tn Table 1341, and MDIO statos bits e RS-FE
shown in Table 13442, and if a separided PMA see 45320 is
the RE-FEC and PCS are sepavatad wis a LALIE-D bivtorfacs) it chiall mag sddigdonst MDIO smma {ms 0 addi-
thonal BS-FEC statis viriables a5 shown in Table 1343,

Table 134-1—MDMORS-FEC control variable mapping

e . - b » ? T R x ¥
MBOHEF cantind vaciable PMAPMD register name Regiters hit FELD variable
numbesx
FEC Bypass indivation casble FRERC contm regisisy 1.268)4 s pudicatinee_enatde

The fellowing subolauses dofine varablcs that are st otherwise defined, c., Tor pse by ctate diagrams.

134:86.1 FEC_bypass_indication_snable

This variable 15 s & otie 10 bypess the wrvor indicadon funetion (o0 #1533 when this ability is sup-
ported. When this varishle fo set o ze0, the decoder indicutes exrors to the PCS sublaver. The defunlf valie
ofthis variable ix vory, This varigtde is viapped to the Bl defined 14521 101200 4,

134.6.2 FEC_bypass_indicalion_ability

The Reed-Soloman docoder nay have the aption 1o bypass the stror indication functdon (see 38 LN 1o
reduce the dehwy contribied by the RE-FRC sublwyern Tﬁ:s variable is set to ong to indicate that the decod»r
fias the abiility to bypass crror indication. The variable is se to zorey i this ability 13 it supportad. This vati-
able s mapped o e b defned i 482, 1102 03000
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Tabie 134-2-NDIOIRS-FEC status variable mapping

Registerbit

MDIHF control variable PMAPMED register name nmber FEO varinhde
FEL bypass indiontion ability ER-FEC stats register 128 PR bypass hwdicativn, sbilite
RS-FEC high BER RE-FEC status roglaley L ki ser
FEC AMnckx it d RS-FEC stutus register L&D amps_lockay
BS-FEC align datns HE-FEC statos register 12001 feeshign Qebs
FEC cormmted sodewonds RE-IEC covrectad cude- B30 1303 BEC comasted ow ovuster
words counter meaister
FEC aicormsted sadesordy FAFREC rmmnroctod comles 1284, 1205 FBC onvermcied ow_tountie

words conmdsy 1ogister

FEC e v t;};s@_gying 1308 ' TEC fane mappinges

}%L \vxsﬁ'soi vy \\\uum i

FEC sybe] aoors, FEC KEFEC symbol eovor
e ginmaey veghter, FRU e &

B

il

Table 134-3-MDIO/RS-FEC status variable mapping for separated PMA

MO contrel vaviable PMAPMD regbte FEC variably
MBIO contrel variable PR register nume rmmhm EC variably
POE alfon Quis 120115 alige_status

BIP coors, POS Tanes Q10 3 1230 PP sqon sountee §

PCS Jame x mapping - e appinga

preveps

*CS elipnownt
«mm« 1 yegister

“bbm}\ Hockey

FECPOS ahigngicat LR - ang_fosky
shates 3rovxide :

Eanex aligned

134.8.3 hi_ser

This variable is defined when the FEC bypass indication ability variable iy sot 10 wne. When FEC by-

pasz ndication enable 1§ set to one, this DI 1§ set o obg i the tuptber of RE-FEC syinbol errors fn g wine
dow of § 192 sodewards exoseds the threshold sen $1.5.15) and is set to zero stherwise, This variable is

mapped 1o the bit defined I 45, 2.1 102 (L.201.2).

134.8.4 amps_tock=x>

Fi
sk

{see S $angd
for FREC hmes B 10 1, :;.-ws-(-v

These wirlables are gssigned by the FEC slignoent state diggram shown fa §
134. 3.4 They are mapped o the bits defiond i 45 2 P02 (12008 G 121 R

tvely).
Copyright © 3017 IEEE. All rights reserver.
This i an unapproved IEEE Standards drafl, subjecd o shange.
I8¢

Marvell Semiconductor, Inc. - Ex. 1002, Page 000213

R R O

ok

o

48
9
50

733

SR Y]
(S S

iy

i
Jur



Draft Amandmentic IBEE Sid 802320158 [EEE Draff PE0OZ SediDy 2
IEEE POIR.30d Task Forde Zrd Febyuary #3137

134.8.5 fec_align siatus

1

1B fxee G

This variable assigusd by e FEC aligrument siate- diagram shown fn §
mapped to the bt defined n 4821102 (1301 .14).

134.8.6 FEC_gorrected_ow_counter
A corvented FEC codeword 18 3 codeword thad containg errors and was corvected,

FEC correcied ow counter ia 3 33-bit coumter that couis once for euch correcied FEC codeword processed
when fon ahsm statue 1y tre. This variable is mapped o the registers defined i 48 L1202, LA

134.8.7 FEC _uncorrected_ow_counter

Andmcomrecied FEC codewand i a codeiword that comaing errors (whivh the Dypass carrection Satie s sup-
poried and engbled} oy contains crrovs that weve not cavrected (when the bypass cortrection feature is not sup~
ported or not snabled).

FEC  gnoprrceted_ow_counteris 3 32-bit tounier that-couttis onee for gach wnconested FEC codeword pro-
ceased when fec_alipn. stutus is tue This variable is wspped 1o the registers defined &b $1.204
1.205),

134.6.8 FEC lane_mappings<x>

When the REFEC rencive fimction detects and Iocks w an alignment marker pavinadvn PMA sepvice inter-
fuce lane x, the FEC hwe munber conesponding to the detectad alignment marker pavioad is assigned o the
varigble FEC. lang mapping=es, Thest varialdes wre mupped 10 e rogister defined 148 30163 (1 2463

134.6.9 FEC_symbal_error_counter §

FEC svwbol orear coumter i, where &0 f0 1, 354 32400t coussr that counts orten for gach 10-bit symbol
corrected on FEU fune fwhen foc alipn status fstnies These variables sre mapped o the registers detined in
G and S W2 LZH),

i

134.8.180 align_status

Hnb k‘ambk is assigned the value of re_align statss as defined by the PCS degkow siate diagran shown ia
isee 1 4.8 AT s naspged o e b defised 0 432 U102 (1.201.15),

134.8.11 BIP_ewvor_coumter §

BIP crror_coumicr
culatesd by the RE-F
4321108 and

. where /=0 to 3, 15 & 16-bit counter that holds the BIP crror count for PCS lane £ as cal-
C wransout fonction (soe 133.5.2.9), These variables are muapped to the registers defived
S (123010 1 233,

i
i

134,612 fane_mapping<x>

Whenthe RS-FEC punsnil function detects and Tocks 1o v aligument mavker on FEC service interfuce lane
x, the PCS lane nunibar porresponding 1o the deteoted alignnet mar E»,Ct 18 Jsswmd i the variable lang -
mappingst These variables are suipped fo the registors defined M @33 10 and SS2. L0 (1230 1o
1253
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134.6.13 block_jock<x> i
3
These variabley are assigned by the Bleck logk cmt‘ diggoram Soenin (see 134,531 They 3
are mapped o the regisiors defined I 483 1 U (1280, &
134.8.14 am_Jock<x> &
These variables are assigned by e slignment twrker look siate diagram shows in ¥ \ 8
134,522 They are tupped 1o the registers defingd 10 4820 T8 (12382 @
it
134.7 Protocol implementation conformance stalement {PICS) proforma for }q
Clause 134, Reed-Solomon Forward Error Correction {RS-FET) sublayer for ™
50GBASE-R PHYs? 4
| . 15
134.7.1 Introduction W
. \ _ . . 17
The supplier of a profece! impleineatation that I clalided o conform o Chnse 134, Read-Sotomott Forwand {8
Error Cenrection {RS-FECY sublaver B S0GBASE-R PHY s, shall compluie the following protocol imple- 9
mendaion confurnmmes Qatoment (PIOS profig, it

A detatled descrpticn of the sy mbcﬂa assd iy the PICS proforima, along with dnxtrections for completing the
PICS proformg, vin be found O3

134. 7.2 dentification

134.7. 2.1 iImplementation identification

Sugipting!

Contget peint for wuivies about the PKTSI

Bitphéteniation Nane(sy sed Ve mmsg\}

¥ heer e foernation ne

Syt

NOTE

P Reguired for ol implanentstions.

NOTE 22 May be vimgpleted 98 appropriate by mesting e requirenents for the idestifivation,

NEPER 2 The tevis Navne st Version should be interproted sppropristely to surrespond with @ suppliers
seovdnidoge fe, g, Sertes, Model),

~ BIOY pedermos: Users of s stindand wste Hooke veprondisss the PR ool tu this sibiclaise so g san
ed plprse and wiay St pablish Mo vompdssed PICS, 34

Besissed for ;i\
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134.7.2.2 Protocol summary

[EEE Draff PE0OZ SediDy 2
Zed February 37

flentilicatinng ;):{_’;m,ﬂm:g)} standard

Forwiad ;
SOGBARE-RBHY

4, Beed-Bolomon
3 sublaver b

Fentiffcation of amendments and ooy
i pr(}f(mms thiad feven Treen comp

73

iganda o this
s past of this

{Bee Ul

pion dtems boen regeived?
T4 the answer Yo means that the inglomentation does pot confonn fo TEEE $id 803.3-200%)

Nell

Yas bl

N

Diate of Staieinent

4234.7.3 Major capabiliesioptions

Support

Ttem: Festare Subelause Value/Comment Status
i REFEC | Stppasts SOGBASE-R R8- 13431 M Yesf i
FEC Rutsttonality
M MIHC oapability 43,1344 Begistors andinterface ¢ Yesf
supgmried N {
SEEL Bypass eoor prdioatig E3LSER Capability fs copported {3 Yesii

Noi |

434.7.4 PICS proforma tables for Reed-Solomon Forward Errar Correction (RS-FEC) sub-
fayer for SOGBASE-R PHYs

134.7.4.4 Transmit function

Itemi Featurs Subeclause Valae/onent States Hupport
i TEL Rhow tolenaes 3532 Masimum Skow of 94 ps M Yes| |
Between PCS e and &
maximum Skew Variation of
| Y
TF2 Lane reorder {34533 Crder dhe PCS lanes acoond- M Yes |}
g 1 the POS lane pumber
TR HEC R Betc] K xeudeds 2 8éud M Fesf ]
transcinler camsirosied per 134525
F4 2574 blogk taamsaiasion 345,25 Frosk it traasonticd 5 bt 0 M Yesi
swdsy
TS Alginnent maker mapping 134526 Map o an e M Yeg i
owpped=236etoper 134526
TER Pad valie Selto o Uinamaltonmting | M Yes i}
paton
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Fhean Fexturs Subglsuse Vatuelomnent Status Suppart 5
Alignment markey inseriicn Fir \tzm messape Miwiohe M Yeonfl 3

E mia,dix.mxs ey 124tk 4

codewond &

v - = - . e £ - 6
Ty A gtzmem surker nseriion 134.52.6 First 257 bt Blook mserted M Yee ™
after ww: tynapped Some-
sponds o the four 66-t &

ovks received on POUS fanes G

9, 1.2 and 3 that enediagely 16

followed the aligaament 1

omrker-on oack respeelive i

lane 12

13
R Red-Soloran engodsy HES Ml A e | 4
TFIG Symibod distribution (34528 | Diwibutd o 2FEC knes, | M Yesyd i3
one H-Esyndl gl e in i
a vound robin distibation 17
:ﬁ’(xm the dowest B the Mphead 8
numbered FEC g @
it

N B 21
134.7.4,2 Recelve function %
23

a4
Bem Feature Subclause Value/Comment Status | Suppont 2%
KE1 Sk’ feloranee 134532 Maginun Skew of 180 ng M LSS ,ﬁ
Bt FEC lbos and 8 «'

sk Skev Varistion of £
dus 24

RB¥3 {ame reorder 33523 Orderthe BN dornd- M Yesi ] 5
ing o the FEC lane nundber 1 _i

BF3 Reed-Sulomon decuder for FER SR Conrects any combinaton ol | M Yesil 33
44,5 e r"l 3 wyahol ervors 14
S e SR N S 15
Feed-Holamen decoder Capable of indicating \Aisrn a1 M Yes 36
vodeword was ot cosrested. 37
H¥3 Priot iudication Bneiot 134,533 Corviipts H6-bit block wwie M Heefd %X
chraszation headers for 3
[t fed vreored codes 443

i 41

N . s gy N ¥
K¥? Berormontioritg while srrer 134533 B hmmf: ~nn§m pfey BELM 42
indication i bypassed 43
‘ 44
mpi A6~ '_ hk\,a\ ,s::mhz\sm it 3%

o

‘ tiswy hewdders 36
RES Sviho! avvor threshold for 134.533 K=6380 BEEM 47
[ASWES B £5} 48

BES Algnracnt mwrkes resneed soapped wmeved prive | M Yes i &
f franacadding 24

i
Ry B 1o GIB668 % ooded, lite b4 Yesi} 52
ey constancted ; i‘ 34 ERE 55
NG
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Feature

Subelsuse

ValasComment

Status

O f6-bit Mlock ata thne e
rotnd robix Fastdon Pt e
te fye Hghest i

S lang

ved fram the
ST-bik blocks anedintaly
Bdlawing amy_ramapped

R¥FIZ Adigriment woarkey sepping {34537 Map o sy x =i Iper | M Yesf
134537
BEL3 Altgment owrker ingeetinn 134337 M Yes il
o

134.7.4.3 State diagrams

Feature

Subolause

Vel Coniment

Biwdus

Suppert

SEIP fudaton

Ensre that alf possible dock
itons are evahited

M

Senchronizadion proces

One tnstaree per ¥
Figiwe 3-8

Whneper

Adigorment precess

Pey

134.7.4.4 Delay Constraints

Trem |

Featare

Subwlae

Yalueomment

Status

| Support

aslay Coustradnt

\N“” .
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135, Physical Medium Attachment (PMA) sublayer, type S0GBASE-R and
100GBASE-F

135.1 Overview
135.4.1 Bcope

This clanse specifies the Physical Medhua Atlachinient sublaver (PMA) for the families of S0GH% and
10U Glv's PAMA Physical Laver implementations known as SOGBASE-R (sec 131.1.3) nnd [U0GBASESP
{sen SO.1.4) The PMA allows the PCS (sep Clanse 133 gnd Clayse 821 and FEO (v Clase 134 and
Chasse $1) to conneet s madivindepondent way wifh & vange of phivsicdd miedia, The SGGBASE-R PMA
can xupport any of the 5 Ghés PMDs tn Table 13-4 andile HOOGBASE-R PMA can support any of the
AU Ghis PAMA PMDs saceording 1o Table 8063 md Table 80-4a.

SBGBASE-R and 1D0GBASE-P PHYs cai be extended fo support any &dl duplex medicin reguiring only
that the PMD be compliant with the sppropriyte BMA futerfice,

The nterfaces for the inputs of the MGBASE-R and I00GBASE-P PMAs are defined I an abstracl manner
dud do sot inply any particudar nplomenitition, For S0GBASE-R PMAs, electrical interficss connecting
PMA soblgvers, koown as LAURZ sod SUGA UL, sre defined o Clause 1338 theough Clause 135G, For
IBOGBASE-R BMAS, electrical intarfaces sonnecting PMA sublayers, kuown as HI0GAUL, we definedin
Clause 1330 through Clange 133G,

138.1.2 Position of the PMA in the S0GBASE-R and 100GBASE-P sublayers

Figawe 135~ shows the relationsidp of the PMA sublayer (shown shaded) with other sublavars 1o the 18Q
Open Systery torconnacton (OSH reforence moded

135,13 Sununary of functions

The following b & sutnary of the principad Bmctions inplomented Cwhen reguited) by thie BMA i hoth dwe
transout and recotve direvtivny

$1 Adaphthe PCSL/PECL-formaticd signal fo e appropriate nomber of abstrset or physical Tanes.

b Provide per-inpat-tave clock gud dmta recovery,

gy Provide bil-kevel multiplexdag,

di Provide clock generation.

g1 Provide sigsal deivers

H Optivoslly provide local oophack sofftom the PMA servies imterfase

2} Qptionslly provide renwote loophack fo/from the PMID service interfice.

hy Optionally provide iest-pattern genceation and checking

iy - Tolerate Skaw Variation,

¥ - Performy PAMY sngoding dod decoding whin requived

PAM encading and decoding Iy reguired for SCGRASE-R PMAs where the nuuber of phvsical lases v 4
and for IDOGBASE-F PMAs where the nunsber of phiveical Tavesis Lor 2

Copyright © 3017 IEEE. All rights reserver.
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ETHERNET
LAYERS
HIGHER LAYERS §
D51 Lo UCOROTHERMADOLENT
REFERENCE . & CEMTROL FETIONAL
" MOTEL 3 MAC CONTROL {QOPTIONAL}Y
LAYERS i MAC
APPUICATICN A RECONGILIATION
P ,‘ 7 EOGEME i . COMH i | .5
P £ OOBA . OS ' P 3 e 2 3 h
ERETWPEED ,” socass;E RPCS EH) @a%ﬁ RPCS
i BES > FEC
TRANSPORT | / / Nere—ee N 28y S S ¥ PHY
KETWORK. 17 PMD J PMD _
oaTALINK |7 AN 1 & N
Y~ A MOt e} |
T T T T | MEDILY < | MEDIUM S
N o ¥ i
T T ———— <
SOGBASE-R JOOGBARE-P
S0GME = 50 Gl MEDIA INDEPENDENT INTERFADE POS & PHYSICAL QOUING SUBLAYER
AN = AUTOMEGOTIATION PHY = PHYSICAL LAYER DEVICE
CGME = 100 Gbis MEQDA INDEPENDENT INTERFACE PIIA = PHYSICAL MEDIUM ATTACHMENT
FEC » FORWARD ERROR CORRBECTION PRID = PHYSICAL MEQILM DEPENDENT
DL = LOGICAL LINK CONTROL. ) R
MAC = MEDIA ACOESS SONTROL NOTE 1--CONDHTIONAL BASED O8N BHY TYHE

MO = MEDILM DEFENDENT INTERFARE
Figure 138~1-~50GBASE-R and 100GBASE-P PMA relationship to the ISOREC Open
Systems hterconnection (O81 reference model and IEEE 802.3 Ethernet model

138.1.4 PMA siblayer positioning

An mplenreniation oay w5 v oranre PMA sublayers to adapt the sumaber and rate of the PCS lases ©
the nnvber and e of the PMIY lnnes, The number of PMA sublovers reguired depends on the parfitioning
of fuonctionality for 4 pavticndyr fmplomncnation. An example ie Mostrated dn Figours 135820 AddiGonal
examples sre Hesivded In Annex 1354, Fach FMA wups the PORLSFRELS from p PMA tput e 1o g
PMA omput fansy ot the T divection, aned from o PMA inpat Tanes & p PMA putpwt lanies in the B
direction.

Munagemient Data TapurCutprr (MDIO) Manageable Device (MMD) addresser 1, .9, and 10 ave sattable
for adibessing muhtiple lostanoes of PMA sublavers (see for MMD devics addresses). | the
PMA soblayer that is closest fo the FMID iz packaged with the PMD, i shires VMDD 1 with the PMD, More
addressable instances of PMA siblayers, each one separated fom lower addressable instatoss by ohifp-tee
chip interfaces, may be implemented and addressed sdlocuting MMD addresass fo PMAS o increasing
numerical order gotng o te PMD toward the MAC, The examples shown i Figtre 1352 cotld be
implentented with three sddressable instances: MMIX { addressing the fowest PMA sublayer fvo~-packaged
withe the PAMD), MMD § addiossing the aniddie PMA sublayer, and MMED @ addressing the highest PMA
sublayer {mmediately below the FEC)
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i MAC |
! RECONCILIATION 1
EOGMY i SO e OB it
SORBASE-R POS | | sooBasERPOS 100DBASE-R POS
BMA (&:2) MM S ! FEC FEC
:§ PMA {22} @ MWD B § BRIA (44) § NMD 9
LAUIZ sl . .
SHGALL2 e Tt p—

e

SNE s A NN MO 6
wos NPRAZT \wmno N Amaw) s

BRGAUY i JOOGAUIZ e

\ a1 PUA 1)\ MO 1 BMD 4

k 0 7
BAG e M
| MEDIUM < | MEDIUM %> | MEDIUM <
A ‘ . = & e ) Nt e )
SHGEASE-R SOBRASER 100GRASE-P
100GALE =100 Ghis ATTADHMENT UNIT INTERFACE R = MDIC MANASEABLE DEVICE
JOOGMI = 100 Gbés MEDIA INGEPEMDENT INTERFALE POS = PRYSICAL CODING SUBLAYER
SOGAUL = 5 Ghvs ATTACHMENT UNIT INTERFACE PLY = PHYSICAL LAYER DEVICE
50GMIE = 50 Ghis MEDIA INDEPENDENT INTERFACE PAMA = PHYSICAL SECIUMATTACHMENT
FEC = FORWARD ERROR CORRECTION PRID = PHYSICAL MEDIUIM DEPENDENT
LAU = 50 Gvs ATTACHMENT UNIT INTERFACE
AT = MEDIAACCESS CONTROL nater2

RDE = MEDRSS DEPENDENT INTERFACE
Figure 135~2~~Example S0GBABE-R and 100GBASE-P PMA layering

The manber of iput o and fhe nionber of natput Tanes 5ot 1 BMA are alwayy divisors of the nunbee of
PFOSLSFRCLs. For PMA sublayers supporting SO0GBASE-R PMDs, the muvber of PUSLs (above the FEC)
154 and de nuber of FECLs (betow the FECY v 2. For PMA sublavers supporting TOOGRASE-P PMIEs,
1he number of FECLs i5 4,

The followhig puidetiies apply 1o the partitioning of PMAS:

@ The inkresublaver servine interface, defined in 13131 1 ased for the PMA service téslaces sap-
parting 3 fexille architecture with mudtiple PMA sublsyers,
1y Agtestance of fus interface can oudy connect service Interfacss with the saine pamber of lanes,

where the laties oporate &t fhe same rate:

By The sbstract BMA service inferfuce van be physically fnstantisted s o LAUTL, S0GAUTw, or
HEOGAU Ry, wsing assoviated PMAs to niap to the appropriaie number of lanes.

¢y For physical instantiations of the PMA servies interfies, the PMAIS_SIGNAL indication 15 con-
veved owsidde of this physically hnstagiated dnterfiucs.

&y  Physical instatintions of the PMA sorvice norfyce define slectriost and timing specificniion as
wedl gy foquiting ¢ seoive re-timing fmction,

g1 LAURZ iy a physical instantiation of the PMA scovice interfiace betwsen two afjacont SOGHRASE-R
PMA aublavers above the FEC.
1y LAURZ provides bit-nsaltiplening of 4 PCSLx
3y LAULZ s a 25781235 (GBd by 2 Tune WRZ physical instantiation of the 3 Giv's comection,

Copyright © 3017 IEEE. All rights reserver.
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§ 3GAULn foy physical {istantdation of the PMA - service imtorfane befwaen two  adiacort
SOOBASESR PMA sublnvers below the FEC snd contains 2 FECLS,
1y S8GALTTn prenddes bigawulliplexing of 2 FECLs,
2y SDGALH-2 Is a 26,3628 GBd by 7 lane KRE physical instantiation of the 50 Giv's connection,
3y BOGAUL I8 2036388 GBd by ¥ lans PAMY physical nstantiation of the 30 Gbi connection,

3 Alll-a iy oy physical snvantiation »;),f the P sErvice i;limfac;f betwestt Uwp a(ij’z‘mmﬁt
OOGBASE-R PMA {see 1 sublayors above e FEC for a J0OGRAREAP PHY or between
asdiacent sublayers bolow the PCS for o WOGBARE-R PHY. CAUDu i ot specifind dn this chiuse,
bt is Hated hore for completeness,
1y CAUIL-n provides bit-multiplexing of 26 PCSEs,
2y CAUL 52 2578128 GBd by 4 Tane KRZ physical instardiation of the 100 Ghis comnsction.

CAUL s apepifiad i 3 and associated annenes.
3y CAULIO s 3 103125 OB Iy 1 lane NBZ physical instntistion of the 100 Gby connsction
CAUI-10 15 specified anyd wssnciated anvexes.

Ry IODGAUR B a physical instatingon of the PMA sorvice nferfice botween v adjacet
IGOGBASE-F PMA sublavers below e FEC for u HOGBASE-F PHY.
1y HOGAUL provides bitmultipleging of 4 FECLs,
3y IB0GAUI I 3 263623 0GBd by 4 lane NREZ phyeical fostardiation of the 100 Gbis cotnec~

EEN
3y M00GALE-2 i5 2 26536258 GBA by 2 luog PAMA physical fostantiation of the 100 Gly's connes~
o,

i Opportunities Tor optional test-patiern generation, cptional west-patiern. detection, optional focal
toophsck and optional varnote loopback are dependent upon the Tocation of the PMA sublaver in the
wnplempntation. Sce Figiwe 1358,

i A mintiney of cne PMA sublaver isrequired fn g PHY.

k¥ A orximunt of our PMA nublavers areaddressable 55 MDIG MMy,

135.2 PMA interfaces

All PMA vaviants. By SOGBASE-R and TOOGBASE-R are bused on 2 genevie specifivution of & bit wuw
funetion that applics 1o ol inputiontpt lane counts and cach direction of tranentission. Each dirsction of
transmission may suiploy one or wore such bit puixes to adapt Fow e approprisie nmber of input anes o
the wppropriate number-of putput fanes 4¢ iHostrated i Figars 1333,

M ingul lanes

3
N
i
. nn i
N

oy

PAA
Eifssive

o oulput fanes

Figure 135-3--PMA bit nwux used in both Tx and Rx directions
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Conceptually, the PMA. bit nsux operates in ofte direction of transmission by domaltiplexing PCSLeFECLs
from m PMA fnput funes and renusdtiplexing them indo n PMA wudpot lanes. The mapping of PCSLSFECLs
froms inpat o outpat ngs i o specified. See 138.5.2 and Figare 133-3-for details.

Fin POSLEFECLE per demug i PUBLAFEDLS pay muy,
m inpht deniiies o oUtpUt imiiees
e £ o
~ ; i oo o «
{ : e - » 3
§ b 3 k : ““““‘“‘“”‘
§ A bt e
7 i !
S ot x ] ¥
. ] il foo
k351 FF)S:-‘N{ £ e o ¢ gt
nes {\ {7- POSLs \§ 7 Janes
R { i
H {
. FECLs .

.e"".‘- s : .
M__’é > z f
: P | E— O

i 3 ! o
\ oo e ‘js ‘\\ﬂ. /
Bvery input PESLFECLIS mupped 1o an oulpis POSUPECL position 2= Mumber of POBLFECLS

z = 2ot 4 for SOSSASER
z =4 for {00RBASE-P

Figure 138-4-PMA bit imux operation used fn both T and R divections

135.3 PMA service interface

The PMA service tnterface for SOGBARE-R and 100GBASE-F i gn inslsnce of the imer-sublinyer servien
ferface defined bn 131300 The PMA sesvice itorface prititives are sunmisarized o folfows:

PMACLS UINITDATA {reqosst
PMAIS UNTTDRATA Lindication)
PMATS SIGNAL indication

For & PMA service intesfice with p lanes, the primitives are defined for i =R iep - 1,

[fshe PMA clientis e SOGBASER PUS, the BMA contiousty soreds four paralicd tat streims to the FCS,
esch at the nominal sigraling fawe of the POSL,

T PMA cliont Is snother PMA, 8 S0GBASE-R PMA with p=2 physical inpus lanes recetves NRZ symbols
ortsach of Hs dput Tares 9t 2ty the PCSLFECL sate. A SDGBASE-R PMA with p=t physical inpat lans
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recelves FAMY syiabols oneach of #te input langs at 2 tines the POSLFECL vate, with cach syiabol foraed
Trom o bits. The bif steeam sepresenied by the npad sytubols carvles 2/p Bitmaltplexed PCSLAFECLs on
cash phivsical input ki, where z=2 {below the FEO) orasd {above the FECY for SHGBASE-R.

I g PMA clientds annthor PMA, 1D0GBARE-P PMA with p=4 physical input lanes roceives NRZ symbols
ont each of iy input lanes at the FECL rate. A WOGBASE-P PMA with p=1 or p=2 h sjeal hiput fanes
receives FAMA symbuls on cach. of fts input fanes at 4 or 2 tinmies, rospectively, the L rase, with sach
symbof formed Trom two bits. The bit stream represented by the fnput symbols carvies wp bit-mudtiplened
FECLs o3 candh physical inpat lane, where w4 Koy 100GRASE-P,

Skew nsay exist botween difforom PORLSFECLs reculved ou the samee physicsl nput e oven though il
PUSLEPECLs orighutie fom e sime seuchronous souree, o there & independencs of werivid of bits from
gach PCSLFECL on cuch physical input e

I the T direstion, if the symbel from 3 PMAIS UNITDATA i roquest primitive is veostved over a

physically instantated mierface fLALUILR, SUGAUTn, or 100GAUTa), clock and duts are secovered on the
i(m.e recciving the syatbal, 1f decessaey, PAMA symabols are convered 1o palrs of bits. Bils are routed
ghirough the PMA o an ouiput ko Grough a process that may demoltiplex PCSLFECLS frowm the fnpa,
perfoom any necessary buffering o tolenne Skew Virlation scross npud Ianes, andomsliiplex POSLSFERECL
o otiprit taves, I necessary, pairs of bity curoutput fanes are comvertad fo PAMY symbols. The symbols arg
sent on an ouipnt Tane to e sublayer below weing the danlS; UNITRATA Lreguest (& not necessanlly
sgual o £y primtive (see 135.4).

Tnthe Ry disgotion, the FMA passes sysbols from fhe mput fanes to the ottput bmes when dat is being
receivesl from every input lany from the sublayer bolow the PMA that has a PCSLFECL dunt srauted 1o 3
particndar ouiput Tane &t the PMA servive toterface, and (F nocessary) bulfors wre fitled to-wdlow tolerating
the Skow Vyration that miay appour botween e foput lases, POSLe/FECLs are demultipleved from the
foput faves, remoidploned o the output laves, and symbols arp tansferred over sach outpat fane o the A
glicat via the PMAIS UNITDATA {indicstion prindiive. I necessary, PAM4E svinbols sre converted 1o
pairs of bits on the tnpot Tases andder pairs of bits dre coivartod 10 PAMAE sevabole on e cutpul laneg.

The PMATS SIGNAL indication primitive s gencomad by a Signal fndication Loxie {511} fmeiion that
TEpotis swm! heslth based on receipt ol the IS SIGNALindicarion from the sublayer below, data being
reveived on all of thedupir lanes from the sua.a}u betow, buffers filled (if necessaryy 1o acconinrodate
Skew Variation, and symbels being sent to the PMA chient on alf of the ouput oes, When these conditions
are med, the SIGNAL_OF paramtor sent 1o the PMA client via e PMAIS_SIGNAL Indication primitive
has the value QK. Qiherwise, the SIGNAL O prindiive has the valoe FAIHL.

135.4 Service interface below PMA

Since the archifeciure supports multiple PMA sublayvers for varivos PMD hane connts snd deviee
partitioning, there are several difforsnt sublayers that may appear below g PMA; inchading the FEC, PMI,
o smsthier PMA. The variable énsd reproscats whicheowar sublayer appears below the PMA (e, snother
PMA,FEC, or PMD).

The sublaver bolow the PMA wiilizes the ntersublayer survice inferface dofined I 1313 The sevvdee
interthos primiiives provided. i the PMA ave sumwmarized as fallows:

msl:‘!‘s LNITDRATA freques
] TTDATA *iildkdiim!
sk IS RIGNAL indication

The number of lanes ¢ for the service interfice matches the number of fanes oxpected by the PMA. The
mssMSmLm}TQAMJ privitives are defined for cadh fang ¥ = 8 1w g -1 of the servion faterfice bodow the
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PMA. Note that clecnical and thndng speeifications of the sevvice interface wre Jetined i the lnsface i
physically instndated feog, LAULZ, 30GALT-n, or HHUIGAUL.), otherwise the service imarfies s
specified only shstractly. The inferfacs betveon the PMA and the sablayer below consivte of g lauss &y data
wrimsier sad o stshes Indicating a gobd signal from fie sablayer befow the PMA Gee Figwe I35,

I the Tx divection, the PMA ransfors symbols from fhe gt langg 1o te cuput lones wien daté is baing
received ¢ia the PMAIS_UKITDATA request primitive fom overy input lane frons the PMA client at the
PRiA. service interface (see 13531 that has a PORLFECL thay is rounted o s outpnt lang, and. Gf
nesassary), buffers are filled to provide the abilty to tolevate the Skew Variation thal may sppesr betwen
the input Tanes from the FMA chient, PUSLaTECLs are denmuliiplexed froo the mpad lanes, reowliiplesed 1o
the sutpet lanes, and symbels are fransfored pver each ot ling fo the sublaver below the PMA

In the Rx divection; I the swotbol s reccived over a physically instantiated ioterface {SOGAUT
FOMGAUTL, o physically lostaniated PMID service luterface), clock and data are wecovered on e fane
receiving the symbol, If nocessary, PAMA syvinbole rescivisd on the input bmes are converted 1o pairs of bits,
The bits are routed thvough the PMA o a0 outpul lane toward the PMA cliont theough 3 provess that may
domupitiplex PCSLeFECLe from the input, performn any necessary bufiering fo tolerate Skew Varlation
aeross fuput ey, and mdtiplex PUSLSFECLs w onlpas hmes. ngcossary, patrs of bits ave conberied o
PAKNY symbols on the outprd lanes. Esch symbol is soni on an output lane to the PMA cliend using the
PMALS UNITBATA hindication (k aot necessarily squal to B privaitve of te PMA service interfics.

435.8 Functions within the PMA

The purpose of the PMA 8 1o adapt the PCSLFECL-formatied signal 1o an appropriate mumber of abstract
or physical laties, to veosver slock from the reosived sigral Of appropristed, and sptionally 1o pravide test
signaly and Joopback, Baclednpat (T direction) or culpat {Bx direction} fune between the PMA wd the
PMA clicat cawies oog oraore POSLAFECLs dat ar bitoudtiplexed. Sl input and odtp s betwesn
the PMA and the PMA cliend cury the same number of POSLePECLs and operaie at the same aominal
ienating rase. Likewige, each fnpot (Rx dirgetion) or autput {Tx direction) ke betweers the PMA and the
sublayer botow the FMA camies ong o more PCSLa/FECLs that are bil-taokiploved. AT bnput and owtpit
tanes bebwepn the PMA md the sublaver below the PMA gavey the samie number of PUSLEFECLx and
operate at the save nominad sipraling rate. As described in 138,14, the vumber of input Tanes and the
mnuber of putput lenes for a ghven PMA are divisors of 2 {helow fhe FEC) of £ {sbove the FEC) fiw
SOGBASE-R, ord for HOUOBASE-P, which sre the number of POSLEFECLs for the respective PHYS,

Figore 1355 provides the fmctional block dagemi of & PMA. The parameters of 8 PMA. include the
faflowing

------ The nembers of mpot and oupm lases i oach direction:

~  Whether the PMA is sdiscent to w physically instintioted fnterface (LALR-2, S0GAULs, o
IOGAU L above or below),

~  Whether the PMA s adjscent to the PCS.

»»»»»» Whather the PMA b adjacent to the PMD,

e Whother the PMA 15 sdjscent 1o the FEC.
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pinputianes P autpufiaoes
F‘MKI&__"IEN'(TD&TA frecuest PMAIS_UDHTDATA findicalipn
PMALS_ SIGNAL indication
patiarn o1 empe Signaldivers® - |, putier
de‘!@c{“"‘;? 20 decode® PAMA sntode™ | geharaﬁa’m
fovad foophack® Ad A
PMA TR FRIA R
it roux; it Uy,
o -
O SRR I €77 £ TP
A sit
PARM eneode” :
fest | signal drivers® CoRY ' Ao
pattern i A A . patter
gﬁ?\ei’ﬁfﬂh‘c T s daiwt:_\'z
et UNITDATA irequest instiS_UNITDATA iindivation
‘v oo + st iIS_SIGNAL Jindjeation
q outputianes o rgat laney

net= PMD, PMA, deperding orwhich sublayet is below tids PMA
S = Signat indization Logic

2 HLAURR S0GALN, or TICBAUI Femediately sbove s PMA L : )

B LAUE2 SOGAULS, of 1005AUM fnmediately balow this RMA or if this & e closest PMA fo the FMD,

:lgntsmh?r ofinput or culpd fanes ia 1 1ot 2 SOGBASE-R PMA, or T or 2 or 2 100GBASES PMA
intional. '

Figure 135-5—-PMA Functional Block Diagram

135.8.1 Per inputdane clock and data recove

H the interfice botweenthe PMA slicot and the PMA 4 pleesically ingtantiated ax LAUBZ, S0GAU -, w
HOGAL T, the PMA shall meet the eleoirica] and tming specifications sbove fhe FMA in Aanex 13538
through Annex 1356, as gppropriste.

INGAUL, or 100GA Sy the PMA shall weet the dlecirical and thning specificutions below e PMA «
the servicy interface ay specified tn Annex 1358 fheoweh Annex 1356, as approprivie.
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135.8.2 Bit-level multiplexing

The PMA provides bit-levelmuliiplexing in both the Tx and Rx directions, I the Tx dirsction, the function
fv performed smong the bits received Hony o BMA cliend vin die PMATS UNITDATA Jrequest
prinitives (G PMA clivat Tanes ¢ = 8 10-p -~ Dy withe thi result sent 1o e servies imierfuce bedow the PMA
using the fasr IS UNITDATA frequest primitives (for sevvice interfhce lmes (=0 1o g~ 1), referencing the
functional black diagrm shown i Figire 1358 The bit ntilplexing behyvior & ilustrated in Bigmwe 135

&

4.
The sgeregate signal carried by the group of tupot bues or die group of outpat Tmes is arvauged as aaatof
PCSLsFECLs. The number of POSLFECLs 215 2 FECLs {helow the FEChand 4 PCSLs {ahove the FEC)

o SOGBASE-R interfaces snd 4 FECLs for TNOGBABE-F interfsces. For SOGRASE-R, the novunal bit tate
B 15 12890623 Ghés for ench POSL sod 26 3623 Ghis fov cach FECL. Far 100GBASE-R, the nontiral bit
rte By, 1a 36,5635 (b5 for cach FECL.

For o PMA with m Topsd s (Tx o Ry divectiony, coch pat ke catles, bit mnltiplexed, #'m
PUSLeFRECLs. Each fnput fane has # nominal bit rate of 2/ X Ry, Noje that the signaling e s equal 1o
ghe bit rate when the signdl notdation is NBZ. The signaling rate f6 equal 10 half of the bit rate whisa the
signal modudation is PAMA I necessary, PAMA symbols are converted o puirs of bits on the npat Tases
andfor paits of bits are convented 10 PAMY symbols on the patpat ies 3 bitx resebved on an daput lang
belongs o a particslar PCSLVFECL, the next bit of thad sine PCSL/FECL 18 received on the saine dnput lane
st bit posttion v, The 2o FOSLSTECLs may arive By seqbonce on g given iupat kuse,

For a PMA with b oeiput laes (T oof B divection), sach oultpat fane carrles, bit ndtiplexed, 2in
PUSLSTECLs. Bach csriput lanie has a8 nowdied sigreading ne of 5 X By Buch PCSLFECL 13 nrapped
from « posttion in the sequence on oue of the m npnt lncs fo a position i the sequenes o oug of then
ouiput tenes, B bitx sent om an sytput lane belongs 1o 3 partionlar POSLFECL, Bhenext it of that same
PCSLAECL is sont on e some obiput e gt bif position & + {m). The PMA shall maisais the chosen
sequence of PCSLFECLs on sl output lanos while 3t s voceiving 8 wilid stream of bite om all fnput lanes.

Each PCSL/FECL received dn any inomporal posithon on an inpud fane §s tragsferred into 8 temporal position
on v oirtpat dene. Av the POS (see Clagse 133 and Clause ¥23 and FRC ¢See Chinse 91 and Clause 134)
have filly foxible receive hogle, an lmplomentation is frioe o perfeut the mapping of PUSLSFRECEs from
tapadJanes to-outpat tenes without comstraint, Figuse 1356 ilfostratey oo posstble bl ordering for &
HNGBASE-P 4.2 PMA bl ok QOther bit orderings sve aleo valid,

Notg that since the number ol input lanes and oudput lanes for o 30GBASE-R or IN0GBASE-F PMA s
always & power of two, many PMAs converting bitween different aumbersy of kv norowdly stply
iuitiplex two or four inpod Tanes to one ontpat Tane, or denultiplex iwo or four output anes frony one fnput
tane. However, oy PMA haplementation which produces i allwable order of bite from all POSESTECLg
on the ovetpat Janes s valid,

135.5.3 Skew and Skew Variation

The Skew (relative deday) between fie PCSLEFECLs minst Be kept within Hmits so (hat the infonmation on
the Tanes can be sssornbded by the PES and FEC.

Any PMA that vombites POSLSFECLs frup dilforent inpat Tanes ontp the same putpot lase must tolorgie
Skew Warbation between the inpat lanes without changing the PCSLFECL positions on the output, Skew
aned Shew Variation are defiosd in 1315, Thy Bodts for Skew and Skew Varistion at physically instantiated
interiioes are specified at Skew polnts SPU SPI, and 5P inthe transoit divection and SPS, §P6, and SPY in
the reeetve divestion. ay defined o 1318 and Mlustrated in Flgare 1313 Jor SOOBASE-R and as
&0.8 and Tustrated o Figure 80X for HOOGBASE-P.
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4 Lane PMAGmput {nvsd}

LA S Rk e

o

~d

27

w
oo o R

g

yedinsx+2

2 Lane PMA output {n=2)

NQTE~iK indivates bit K on FECL 1, Skew may axist batween FECLs,
Figure 135-6—Example 4:2 J00GBASE-F PMA bit mux 31
1358.8.3.1 Skaw generation toward SPR

In an implementation with wy instantsied LALE-2 interfuce between the PUS and the FEC, the PMA that
sends daty i the transat divection foward the LAUERZ (SR in Figure 131-3) shall produsene wiore thiw
{ 2 osof Shew between POELs and no'more tha 8.2 vy of Skew Varbmion:

435.5.3.2 Skew tolerance at 3P0 40

fean ftnpleruenintion with an instuntisied LAULD interfice, the PMA service interface that receives datu in 42
the ransmit ditection from: the LAUL2 (SPin Figars 1313 shadl tolorate the maxinun amount of Skew 43
| Virlation sllowed st SPQ (0.2 sy berween input laoss while puintainiog the bit ordering and position of 44
' each PCSL on cach PMA lane in the transmit divection (toward e PMDY 45

135.5.3,3 Skew generation foward P4 47
48
In an impleieniation with ong ot anore physically Hstantlated JCGAU-n o0 IDOGAU - Inerfhees, the 49
PRMA that sends daty in fhe tranamit divection toward the SH0AUL or TROGATU L that 18 closest 1o the ld

PMD (&P o Fipore 1313 and Figere 86-8) thall fresduce noe rore than 29 nis of Skew begween FECLs &3

tosvard the 30GAH -~ or JO0GA U and no more than 2.2 05 of Skew Varlatiow 32
33
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135.5.3.4 Skew tolerance at SPi

fn anr implementation, with one o more physically nstantiated SCGALUDn o IB0GAU -1 interfices, the
PMA service interfiics that teceives data in e runsnill diregtion from the S0GA UL or JO0GATH - (8P
in Figiiee 1353 and Figoee 86-%) shall tolorate the makinen amount of Skew Varfution allowsd at SPY
{0.2 ng} between inpui langs while msiniaining the bit ordering and position of cach FECL on cuch PMA
fane iy the travsoait divestion ftowand the PMES.

135.5.3.5 Skew generation loward $P2

I the PMD service imerfice 15 physically tnstantiascd so that the Skow at 8P can be vicaswed, the PMS
adjacent to the PMD service mterfisce shall gencrate oo more than 43 asof Skew, and po mare than 64 ng of
Skow Varlation botween outpid ks towand the PMD service intorfase (SPY hn Figmwe BG-8 -and
Figure 13130, 1f there iS a physicadly instantizted SOCAULn or 100GAUw as well, then the Skaw
measurad af SPI s naiied 1o 0o rnove that 29 nx of Skateand o mofe da 3.2 ny'of Skew Vardation.

135.5.3.8 Skave tolerance at SP5

IE the PMID service intvrface is plivsicslly instantiated so sl the Skow at 8PS can be preasved, the PMA
adfscent o the PMD service intarfice {385 4 Fligare 13 -3 dnd Flgtre 80-8) shall tolerate the maxinam
smount of Skow Variation aliowed ab SPS {04 158} berween cutput lanes fromn the PMIY service interface
whils smainiainibe Gie bit ordeding and posttion of each FECL on gich PMA fane tn the roosive dissction
{towand the MACH

135.8.3.7 Skew generation at 3P&

T impleneation with one or more phiysically instantisted 30GAEw or 100GALT fnterfices, st §P6
§the receiv dirscdown of the SOGAT R or FGAUw closest’ o the FEO), the PMA or ptoup of PMAS
between the PMD and the S0GAUL o IO0GAUL slosest i the FEU shall deliver no miore than 160 ny of
Skew, and no more thap 3.8 ng of Skew Vartaton between output ey wwd the SOGA - or
HOGAUT i the Bx divection, I fhere 18 2 phvsically instantiated PMD service interfice thal allows the
Skew @ be measured, e Skewe measured o $P9 I Thnied o o wore thay 145 s of Skew and fio mome
than 3.6 e of Skow Vavlatiom, If there 15 oo pbysically insignniated PMEY service interface, the Skew
mieasared ot 8P4 ix Hmited 1o no nove than 134 ng of Skew, and no more than 3 4 us of Skew Variation,

138.5.5.8 Skew tolerance at 8PB

In an mplementation with one or more plvseally Sstanised SOGALT-n or 1OMZAU T interfices, e
PMA batwesn the S0GALTn or 100GALUT- closest iy the FEOC and the FEC shall toleraie the trashoum
st of Skew Vatuion allowad st SPGB us) botween tnput by while matiaining the Bt onder and
postiion of FECLs on laves seot i the receive divection towands the MAC,

136.5.3.% Skew generation at SPY
T ap implementation with- an istaniiated LAUL2 fnterface botwesn fhe POS and the FEC, the PMA that

sends data I the reevive dircction toward the LAULZ (3PT f Figuee 13120 shall produce no nwore than
28 nw of Skew bevween PUSLs and no move thim 0.2 18 of Skew Varladon,

$35.5.3.10 Skew tolerance at 8PT

I an dmplomentation with ancinstantiaied LAUL2 interfhcs betwesn the POS wad the FEC, the PMA servige
interface that veocives datain the receive divection fom the LAUL2 (3P7 in Figwe 1311 shall wolerdie the
it amnonnt of Skew Vartation sllowed &f SPT (6.2 ns) betwesn inpit lanes while nuainiand
ordering and position of cach PCSL on each PMA lane in the transmit divsction (loward tee PMD).
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135.5.4 Delay constraints

receive dolagyat ong ond of (e ok shall et the valies specified in Table 1351, A desoription ofoverall
svstone delay constraimts and the defintiions for Dit-times and pavse quanty san-be found #1314 and 85
references.

Tabile 138-f—Delay constraints

B e Maximoam Raxinmuny Ve o

Sublaver Pt timed Granise quant) Mantamai (o3}
SEIBASE-R PMA R i N.36
TOOGHASE-P PMA LU YR

138.5.8 Clocking architecture

A PrEA with my lnpul lanes and v oniput Tnes shall olock the ondput Tanes such that the bitsie of the outpt
tanes is oy thves the bit rate of the ipet lages. For fhput o adtpud lanes encoded as PAMY, the syl tate
is bl of the bit rate. This applics in both the Txosnd Ry directions of tsnsmission. T the case where the
interfaces betwesn e PMA cliver and the PMA andior the PMA and the sublayer below the PMA are
physicaltly instantiated, the PMA may derdve ity inputcleck(s} frou the clocirical interfvce on ong o more of
the input fanes, aud generate the outpat clock(s) with w apprapriste PLL sadtiphier'divider cirouis.

Thers s ne reguirement that the FMA clock all ouitpa fabes inundison. Exsnples of sndopendent slocking of
sutpul lanes inchude the follovwing:

v The case where fhe namber of fopud and oulpnt lanes are squsad (e PMAUTs provided for rethaing
amd  regencration of the signaly. This wmay by tmplememded withowt ay rearvangoment of
POSLEFECLs between npud lanes and output lanes (although reamrangements sue aifowedy. Such. a
PMA may be implenrented by driving each vuipit fang wsing the chook recovired from the
corvesponding input lane.

Sinve the nunber of POSLYFECLs bs apower of 2, whenever the rammber of tnput and satpat lanes
are unegual, cach input hwe could be mapped fo mubiiple utput lanes (i the Case whers the munbsy
of outpat Tanss iy gronter), or misitipdy et ey ootild be magiped By o single outpiss ne

138.5.8 Signal drivers
Fog casgs whore the Interfios betwaan the PRMA clioit and the PMA o betweon the PMA snd the subdayer

below the PMA represent a physicadlyv inslantisted interface, the PMA provides clecinical signdd drivers &
that dsrface. The electrical and fterdining specifications for these Intorfaves appear in

------ - Annex 13SR Gy DAL T3 applications
- Amnex 1350 for LAULZ C2M spplications
------ Annegc 133D oy MEGAU-2and 100GALT-S £ applications
v Anmies DISE for SOGATUED und 100GATIE4 C2M applications
------ Annex 135F for SDGAURT sud 1000AURE C2C applications

=~ Annex 138G for S0CA U and 100GALELR C2M applications

The modulation format & NRZ for LAIIRZ, S0GALI2, and 100GALH and the modlation, formiat 15
PAMM for J00AUL and WOGALEL,
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138.8.7 PAM4 encoding
138.5.7.4 Gray coding for PAMA encoded lanes

For haoes wovoded ay PAMYA, the PMA mansmit procesy shall nwap vonsevutive pairs of hits 10 sne of fisur
Gray-coded symbols asspeeified i 13037

138.5.7.2 Precoding for PAM4 encoded lanes

For lancs encoded as FAMA, the PMA shull provide I{1D) mod 4 precoding capability on each transmait
fane and my optionally provide F(1+I9 mod 4 decoding capability on cach roceive lang,

On-each transost bioe, for cadh Gray-coded syiobol GG, 3 precoded symbel PG shalt be dotermined by e
following alporithy, where is un indey indicating the svinbol munber

Py = {0 ~ P-1 mod 4 (135-13

On cach reseive lang, for each procoded synbal PU, a Gravcode symbal G shidl B¢ deterringd by the
fallowing algovishny

Gy = (P + BG- 1) tiod 4 {1382y

‘The precoder is enabled dndependently fv the raneniticr and recetver on.each lane (8 and 1) and fmerface
G towards the MAC and down towards the PMIDN. Brecoding is onebled and disabléd using variables

precader. up_ts_coable 4 precoder_ap_tx_enable 2, precasder. down iy cnable 4
precoder d@\w X umhir: fowhere @ i 0 oy e Clagss 45 MDD s wnpleomuenited, the vartables
procader ujy tx_enable § ;mmtim ap ry enable £ pracoder down ix_enable ¢,

pregoder dow ¥y Acmbk Fare agcessible throngh regiater LADO, LODL 1602, and o032 {(sep 43 211160
through 4521110k

The wyrialdes precoder. up tx enable_isnd precodsr np rx cosbie §are slwayvs seb o6 g BMA that
does not have & physieal instantiation. of s servies interface towards the MAC. The variables
precadsr down, x_evwble 7 and precoder down rx_ensble ¥ are sbwavs sebie D o 3 PMA tud sloss oot
hayve a plisical fostasiation of iy seevice Interfios fovrds de PMVD ad s not adiaccnt to 3 BMED,

hy a PMA that iy adpcent fo g SOGBASEWCH, SUGBASE-KR, IB0GBASE-CRY, HGBASE-KRL,
2O0GRASE-UR4, or 200GBASE-KR4 PMD, preender down fx_enable fand pw,odu down_rx_cnsbie §
shatt Be sot as detprmined by the PMD comtral Rmction ob bne 7 e 136.8.11.7.5) The metiod By whigh
the PMD contrel function affocts thess vaniables is implementation depsudent.

135.58.8 PMA local loopback mode {optional)

PMA local Ioopbsck mode is optional. I is invplemsented, it shall be s specified o this subcisuse

The FMA sublayer may provide a Tocid loopbuck Bmetion, The Rmction invobver looping buck cach nput
fame © o e corfesponding . oetput Bmee o Bach B wmecelved Bom de

PMAAS LINITDATA Zrequestiis_symbol) primitive i lvoped buck iowswd the MAC using the
PMAGS UNITDATA fidicarion{x syneboly primitive

Dusitiz loval Toopback, the FMA perforss nonaal bit suxing of PCSLeFECLs per 1355 2 anto the lanes in
the Tx dircetion towand e service interiace below the PMA.

Ability to perform this fmction is indicated by the Local foopback *bx?m states variable 1 Clase 48
MO s inplentonied, s variale s secessible through bit 15D N
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A device ts placed i docal oopback mode whon the Local_kopback_coable control varigble is set v one,
and removed from docal loopback mode when this sarfuble s sot o seve. g Clanse 43 MD‘M is
inplentented, this variable is accessible through PMA/PMD control 1 repister (b 1.0.0, gee

NOTE-—Placing aoxtwork port bnde lonpback mode et be disraptive to a network,
135.5.¢ PMA remiote logpbatk mode {optional)

PMA retrote foopback node Is optional, I inplentomad, it shall be as deseribed in thds subchiuse.

Remate loopback, if provided, should be inplemeonied T s PMA sublayer close epough to the PMD 1
shatitain the it soqhence o cach tadividuad PMD Tme. When rernote Joopback Is enableds each syuibal
received over a lane of the service interfacs below the PMA via fasidS LINITDATA dindication is looped
ok i the cotresponding outpt lane wward the PMD e intIS UNTIDATSA freguest, Mote drat e
servics inferfage bekew the FMA can be provided by the PMI: FEC (LA audy), or another PMA
subdayer,

Duing retnts loopback, the PMA performs tsormal bit madug of FCSLeFECLy per 135.5.2 onto the tanes
bt the Ry divestion wwards the PMA clisnl

The ability to perfurns this function is Wndicated by the S0G Bomote Joophask ability siatus variable for
SOGBASE-R 103G Remote_loophack ability stasss variable for IOGBASE-R,

A devies I placed in rornats Joapback ronds when the Bempie_lonpback onabl control vantable ds st o/

one and removed Sow remote loophback nrods when this varishle is set fo zero.

s Clanae 45 MDIO s huplomonted, Sas vardable i3 accessible through bit LIS

I 5 Clinge »
FDLL sne 8

MDD s implemented, this varfuble 1 secessibie thionph FMAPMD Conirol vegister 1 (hit

138,518 PMA lest patterns {optionat)

Where the outpst fanes of e PMA appegr on & plysically instantiand dnterfice LAUR2, S0GAURR,
IHOGAULR or die PMD service interfice (whether or not is physically instangiated), the BMA oy
optionally renerate aod defeos fest palterns. These fegt patterns are used 1 tost adizcomt-haves bucefaces for
an individig PMA sublayver of to parform testing between sophysically instantisied interfice of & PMA
sublaver and exivow o eqpmont;

135.5.10.1 Test patterns for NRZ snceded signals
For ¢ SOGBASE-R PMA wiilh NRZ cnesding, the test pustierns in this clause may be suppariad.
135.5.10.1.1 PRBS3 test pattern

A PMA md\; amionaj]v mmchude 4 PRBS3 est-patisr gencuior on: cutpul lnes i either divection as
speciffied w §

,5,. 1‘\1& md‘a < topally miclade a PRBSI testpattern vheckes on inpat Janes i aither diveciion as speciied
B P §
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138.5.10.1.3 Square-wave fest pattern

A PMA may o;momiiy incdude 3 square-wave tesh-pations generator on outpat anes - in sither divection as
s;:scm ied i

436.5.10.2 Test patterns for PAMY encoded signals
For 3 SOGBASE-R PMA with PAMA encoding, the test patterns doscribed tn fluy clise iy B0 supported,

The PRESII and guisterary squarg wave tedt patorns wre snabled on o lane-bae-tang basis. The patterns
PRBSHY and SRPROG arc onabled oo all knce of an interface st onee, I a poe-bine paitern s saabled on on
or saore of the kues aud A por-tterfice pattent {5 alsy enabled, the per-lage patterns @ generated ondy on
thy indicaicd lines and the per-dmerface patierriis generated on the remaining langs. The bebavior i more
than oite per-fane pattern is enablied for the sawe lane oF siore than one per-intesfacs pavoriiis stubled fs nat
defined.

Editr’s nofe! JRO3A and JFO3B fest patflerns were delsted from P802.3ks. Since these pallerns are
required only by speciiicafions reference from FPROZ 3bs the relaled test pa Hem supholausss, MDIO vad-

ablss, and ofher toxt were removed. This sditar's pote wifl be remaovad in D73

138.5.10.2.9 PRES13Q test pattern

A PMA may optiopslly inclinde a PRBSI3Q testpaticrn gonerator se specifiod fnd

138.8.10.2.2 PREEIQ test pattem

A PMA may optiooslly tnclide a BRBS31Q tost-patiomn penerator a8 specified in 124,

138.5.10.2.3 SSPRQ test pattern

A PMA iy opnomﬂ ¢ ochade o short siress putiorn tandoty gusteriiary {SSPRO text-putiern genertor as
speciiied m 3

135.5.10.2.4 Square wave (guatermary) lest pattern

Trassmiil square wave fruateriaryd test-pattcn gonavator optionatly applics 1o cuch lane of the Tx direction
PMA towards 3 physically instandiaied S0CALT-] or HWGAUL, or towinds a PAMS PMID service
imerface whether or dot it b physicatly fustantinted gs specified in HE SR

135.6 PMA MDIO function mapping

The optional MDIG capability describad i Clanse 45 desoribes seveval varighles that provide control and
status tnfonmatien for and about the PMAC Stnve a given implomentition may employ more than e PMA
subdayer, the PMA conirel and stabss indbrmstion is organized its multple addressalle instances; one for
sach possibly PMA sablavee Bee 45,21 and 13584 &r the oHoontion of MME addressex o PMA
sublayvers, Conwol and sitfus reglsters Tor MMD 8, 9 and 10 use the Bxtended PMA control and siafis
rogisters 4t identical Tooaticny & thase Ko MMD L.

Mapping of MDID control variables to PMA vontrol wariables is shown in Table 133-2. Mapping of MDIG
status vaviables o FRMA status vaniables is shown in Table 13530 Mapping of MDIQ counter to PMA
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souhters is shown fis Table 1354 These tables provide the register and bit numbers for the PMA addressad
as MMD 1 For imoplementations with muliiple PMA sublayers, additional PMA subluvers use the
corrosponding negicter and bid rumbers dn MMDs B, 9, and 1 a nocessary.

Table 135-2--MIOPMA control variable mapping

MO varisble

PMAPMI regivter name

Registery
bit numbey

PAMA control varduble

FALA vemof Toopbuck:

PMAPMDY control §

g

Hemuote loopback_erahle

PMA beal loopheaek:

PMAPMI S comral

0.4

{.a;.is::_x};w%c,mphaﬁ:’k_‘_m}efb}.&

Large ¥up tumesiiter pre-
poder crable

PAA peotodsy conteed np Ty

{4923

precader, nge 1% snable ¥

Lan O-up transnitier pri-

PMA precode conteol up T

precoder up Wi ensble B

Condier cxtabic

pracoder 4p oy sinbis 1

v hug revehie pe-
sodder gnable

PAMA peecodr condeo] ug Bx

IRCIERS

weoogder upax erable 3

Page T down tnsmitter
precaday snsbile

PMA precoder conrol dwa Ty

LAk

prevoder down Ik enable 1

Lane Odown tussaisy
precider suabile

FMA precoder santeod dowa Ty

prevoder down_tx sagble

Lane U down receiver pe-
soder enable

PRA pracoder control doew Ry

ERCIEN

precoder sesen i ohalde 1

e € dosen moniver pre-
codey anabde

FMA precoder controd dinvg By

PREURY

PRBS3] pattorn enahly

PRBS pattum tosting conteod

sy

FREBSM enable

PRESY puttern caable

PHES pattorn teing tonitol

LiMite

PRDSS enabie

PRBEIIQ pationn snatde

PRES patton fosting contral

PREEID paticm, sosble

SRPFRL prdtonyonable

PRBS paiforn waling conivd

Tx generstor spable

PRES patiorn tosting eosirot

PRES pafteny festing contead

{18012

FRES Iy check enable

Ry generaior enadie

PRBS paticen todting coulial

isatg

PRBS Ry e coable

R ohecker suable

PRIS pattens fosting conteal

1153010

ﬁ?ie‘(i%5,_‘_x*.{,\;_vf:hcc’kw_t‘.mia}c-

Lane 8 8W onuble

Senare wave fosting control

LI510G

Souare_wave nable_§

Lane LW enable

B wave wsting conirol

XS

Square wave aneble |

Lane 2 5W anable

Sinars wats testing vowizol

S wave, enabbe 2

Fane 3 SWnable

Sepetsres wave losting control

Squsne wave caable 3
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