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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.NPUSOO 
      
  

  

  

  

  

          
  

  

  

U.S.PATENTS Remove 

. . . . Pages,Columns,Lines where 

Examiner Cite Patent Number Kind Issue Date Name of Patentee or Applicant Relevant Passages or Relevant 
Initial No Code’ of cited Document - 

Figures Appear 

1 9,322,704 B1 P016-04-26 Neveux 

2 17,401,985 B2 P008-07-22 ronson, 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 
tie 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 
  

Name of Patentee or Pages,Columns,Lines 

Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts 

Initial* No | Number? Code2i Code4| Date PR Passages or Relevant 
Document ， 

Figures Appear 
                          

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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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.NPUSOO 
  

  

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

(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS 

publisher, city and/or country where published. 

Examiner] Cite 

Initials* | No 

  

1 Rumer, B. "Fighting Jitter in Fibre-Channel Designs.” Electronic Engineering Times, (2001, February 01). Retrieved 

August 13, 2019, from https:/Avww.eetimes.com/document.asp?doc_id=1277249 

  

BEEE P802.3cd/D1.2, 3rd February 2017 (Amendment of IEEE Std 802.3-2015 as amended) IEEE Draft Standard for 

2 Ethernet 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). 3 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 iff 

English language translation is attached.     
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Application Number 
  

Filing Date 
  INFORMATION DISCLOSURE First Named Inventor | Yattung LAM 

STATEMENT BY APPLICANT   
. Art Unit 

( Not for submission under 37 CFR 1.99)   

  Examiner Name 
      Attorney Docket Number 20160.0039.NPUSOO 
  

  

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 Acertification 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 

 
Marvell Semiconductor, Inc. - Ex. 1002, Page 000004



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 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 toa 

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.S.C. 552a(m). 

A record 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. 

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 

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. 

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 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 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/AIA/O1 (06-12) 
Approved for use through 11/30/2020. OMB 0651-0032 

U.S, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required tc respond to a collection of information unless il displays a valid OMB contra! number. 

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

  

  

Title of ACTIVE ETHERNET CABLE 
Invention 

  
  

  

As the below named inventor, | hereby declare that: 

This declaration nti 
is directed to: [x The attached application, or 

  

[| 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 to 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 farm PTO-2038 submitted for payment purposes) is never 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 personal 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 non-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 file and therefore are not publicly available. 

  

LEGAL NAME OF INVENTOR 

Inventer: Baohua CHEN Date (Cptional) : 

Signature: Baohus CU teal 

Note: An application data sheet {(PTO/SB/4 or equivalent}, including naming the entire inventive entity, must accompany this form or must have 
been previously filed. Use an additianal PTO/AIA/O1 form for each additional inventor. 

    

  

    
  This collection of information 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.S.C. 122 and 37 CFR 1.11 and 1.44. This collection is estimated 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 farm and/or suggestions for reducing this burden, should be sent ta the Chief Information Officer, U.S. 
Patent and Trademark Cifice, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. BO 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 campleting the form, call 1-800-PTO-9199 and select aption 2.  
Marvell Semiconductor, Inc. - Ex. 1002, Page 000006



20166,0039 

PTO/AIA/O£ (06-12) 
Approved for use through 11/30/2020, OMB 0651-0032 

U.S. Patent and Trademark Office; US, DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information 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 + ati 
ig directed to: [ 4 The attached application, or 

[ | United States application or PCT international application number 
  

filed on 
  

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

I 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: 

Petitioner/applicant is cautioned to 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 never required by the USPTO 

ta support 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 before submitting them ta the 

USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the 
application (uniess a non-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 file and therefore are not publicly available. 

  

LEGAL NAME OF INVENTOR 

inventor: Yattung LAM Nw Date (Optional) : 

Signature: ABR 
ra 六 i 

    

  

  

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/O1 form for each additional inventor,   
  This collection of information 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 USPTS to process) an application. Confidentiality is governed by 35 U.S.C. #22 and 37 CFR 1,11 and 1.14, This collection is estimated to take 1 minute to 

comptete, 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-PTO-9799 and select oplian 2. 
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PTOAIAA0 (07-12) 
Approved for use through 11/30/2014. OMB 0651-0035 

US. 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 uniess it dispiays a valid OMB contro! number. 

  

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 
  

  

| hereby revoke all previous powers of attorney given in the application identified in the attached statement 

under 37 CFR 3.73ic}. 

[hereby appoint: 

| Practilioners associated with Customer Number: 63467 

Fractiioner(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 attorney(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 assigned 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: 

    

    
| The address associated with Customer Number: 63 4 67 

OR 
  

      

  
  

Firm or 

Individual Name     

Address 

  

City State Pa G
 

      

Country 
  

Telephone Email           

  

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

  

A copy of this form, together with a statement under 37 CFR 3.73(c} (Form PTO/AIA/96 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 fo be filed. 

SIGNATURE of Assignee of Record 

The individual whose signature and title is supplied below is authorized to act on behalf of the assignee 

Signature ( } 上 Date 2-9-2018 

  

  

  

    

Name Adam Thorngate-Gottlund Telephone 408-664-9329 x127 
Title General Counsel         

- This collection of information is required 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 

by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14 and 1.44. This collection is estimated to take 3 minutes 

to complete, including gathering, preparing, and submitting the completed application form io 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 22313-1459. 90 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 cornpleting the form, call 1-800-PTO-9199 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; US. 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 CER 3.73(c) 
Y attung LAM and Baohua CHEN 

  

Applicant/Patent Owner:   

    

  

  

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

Titled. Active Ethernet Cable 

Credo Technology Group Limited _a 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): 

|_| 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.   

L] 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. L] 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. LJ 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 , of for which a copy 

thereof is attached. 

B. L] 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-PTO-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. 
  

  

STATEMENT UNDER 37 CFR 3.73(c) 
  

  

  

  

3. From: To: 

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

Reel ,Frame ,orforwhichacopythereofis attached. 

4. From: To: 

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

Reel ,Frame ,orforwhichacopythereofis attached. 

5. 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. 

6. 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. 

[| 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. 

    

    

/Danielj . 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. 
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.S.C. 552a(m). 
A record 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. 
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 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 (/.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 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. 
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.
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WORLDWIDE ASSIGNMENT 
  

WHEREAS, VAWE (hereinafter referred to as the “ASSIGNOR(S)"): 

Yattung LAM, co Credo Inc,, 1600 Technology Dee Fifth Floor, San Jose, A 95170 

Baohua CHEN, resident of \damen City, Fapian Province, China 

has/have invented an ACTIVE ETHERNET CABLE Clnvention™} for which one ar 

more applications for patent, design registration, anhty model registration, or other form of 

protection, rights, ar title have been or will be made in certain countries “Applications” ), as 

further described belo 

Patent Office or Country China 
Application No, #0191 1555358 4 
Date Filed Maren 1, 2019 

  

  

  

AND WHEREAS, CREDO TECHNOLOGY GROUP LIMYPED. (hereinafter 
referred to as the “ASSHINER”), a limited company organized under the laws of the Cayman 
islands, having a place of business at Uslared House, Grand Cayman KY E-1104, is desirous of 

acquiring the fall and exchisive € tight, tile and interest in and fo aaid Invention, said Applications 
inclusive of all ancillary iebte 1 elating thereto, any and all priority righ its derived tram said 
Appheations, and all patents, desien registrations, unity model registrations and other forms of 

protection, rights and titles relating to said Invention, in any country or connteles and in respect 

of the whole or any part or parts of or improvements to the Invention; 

NOW THEREFORE, for valuable consideration, the receipt and sufficiency of which are 
hereby acknowledged, ASSIGNOR(S) doesido hereby confimm that ASSIGNORG) hass‘heve 

transferred, conveyed and assigned, and by way of firther assurance does/de hereby tvanefer, 

convey and assign, any and all of ASSIGNOR(S})’s respective rights, title and interest in and to: 
the Invention; the Applications: any further applications for patent, design registration, ality 

mode! registration or other Auras of protection, rights or ties for the whole or any part or parts 
af er improvements to the Invention In any conmiry or countries (Further Applications’) 

together with the right te filx divisional applications, substitute applications and continuation 
applications of any one or more of the Applications and Further Applications (Divisionals’”}; the 
right fo obtain patents, design registrations, utility model registrations and all other forms of 
protection, rights and titles relating to the Invention; the right In and to any patent or relasue 
patent relating to the Applications, Further Applications and Divisionals (Grants”); and the right 
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to obtain ayy extensions / supplementary protection certificates CE xtengions’}; itgether with the 

right to. brine proceedings to reccver damages and/or to obtain other remedies for acts commutied 

in respect ef one or more of the aforesaid Invention, Aprilzetions, Grants, Further Applications, 

Divisionals and Extensions, whether such acts ars. committed before ar after the date of this 

Worklwide Assignment; with the Intent that the Iiventien, Applications, Grants, Farther 

Applications, Oivisionals and Extensigns are owned and enjoyed by ASSIGNEE absolutely to 
he full ead of the term or leroy for sarne. 

  

  

  

    
    

  

SSIGNGR(S) does/de hereby agree, upon fequest, to provide assistance sid to execute 

any atid a fie ther dacuments, at the exo eof ASSIGNEE and/m its successors and assiens (as 

applicable), which muy be necessary ar ‘4 sible io enable ASSIGNEE, anor its suecessore 

  

and assigns (as applicable}, to Ale, g: OSH e, bring proceedings and take ofber actiona wih 

respect to any and all of the Invention, Nelle ations, Further Applications, Divisienals, Grants 
and Extensions, and any and all patents an euistrations granted thereon. and other forms of 
protection, rights and utles relauing thereta, and AS SIGNOR(S) further aprees/agres. fi execute, 
upon cequest and at the experse of ASSIGNEE and/or its successors and agsigns (a8 applicadic), 

forther documenis which may be necessary or desirable to yest or perfect ihe title of 

  

   

any and al 

ASS STONES thereto. 

  

ASSIGNOR(S} dees/do hereby authorize ASSIGINEE or Hs S patent agents or attorneys to 

  

SS 

insert, above, the jurisdictions, application mambers, filing date es and any other indicia identifying 
the Apotcations when sach information | is available for the purpose of recording this assignment 

   ASSHGNORGS) does/de hereby authorise and request Fhe Conurssioner of Patents or 
any equivalent 2 to issue io ASSIGNED. each and every patent, registration and other 
form. of protection, right, and tile granted upon the Applications, Further Applications, 

Divisionals dd Es stensions. 

THIS WORLDWIDE ASSIGNMENT shall inure ta the benefit of ASSEONE! 

BACEERSOLS AW ds assigns, and shall be binding upon ASSIGNORIS) and their successors sand 
permitted aasigns. 

  

DELIVERY of this Worldwide Assis gniment by copy, hmwever transmitted, constitutes 
valid arul effective delivery. This Worldwide Agsi igrment may be executed In one or more 
ecunterparts, each of which when so oxecuied and delivered shall be an original, and euch 
counterparts shall topether constitule one and the same instrument. 
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As Y WHINESS WHEREOF, this Worldwide Assignment has been executed below by the 

    

Yattune LAM 

efe Creda Inc 

1600 Technslogy Drive, Fin Floor 

STATEMENT BY WITNESS 

. A. 
Pa 、 mee pe ; 2 

了 ea ie, et , whose full Fost Office addross is Py 
  

Sapte 207 ; Bailing tra. 86 Chenheti boa - pblano: ig Hi Teak | Bike Sho Bey Chis. 

(Address af Witness} fo 
  

hereby declare that | was personally present and did sce the above-named person, personally 
known fo me ts be a person named in the Worldwide Assiznment, duly sign and execute same. 

ie x 加 

Date: 30 1-02 ~s f ae ike. Ofna 

. {Sig Be re of Witness : 
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SS WHEREOF, this Worldwide Assipament has boen ex 
undersigned: 

eouted below by the 

、 bo. LUA f 

Mate: Feb of}, zal ) Foe oles CH AAs 

Baohue CHEN 

resident of Aiamen Cry 
Foran Province, China 

    

STATEMENT BY WITNESS 

i ke : Quin , whose fi 

Salt. ae Balding On, KE Cheah Rood, 之 六 Rn er 
bes eee Py n “f ma Poh > 

& 有 Poet. - Shnghey- Chain 
rs . I " . (Addreas of Wiiness} 

hereby declare that Twas personally present and did see the abov 
known to me to be a 

  
i Post Oltice address is 

  esnamied person, personally 
person nanmwd in the Worldwide Assignment, diify sign and oxecute © Same, 

- “y 
Date: 

  

. ¢ ‘. 
ee os Eyre Aye 

oi 7 et, ee 
ret eA 2 x 机 

(Signstarcof Witness}   
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Fighting Jitter in Fibre-Channel Designs 
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. 

  

offic: 
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Achief 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 (CMUs) 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 systems 

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. 

Figure 1 < https://m.eet.com/media/1095877/0201fibre1.qif> shows 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. 

      

1< htt    Port bypass circuits (PBCs) are also included in the fibre channel architecture highlighted in Fit 

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

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). 

Ina typical repeater block diagram, serial input data is sent to the repeater PLL and CDR sampling flip-flop (see | 

dia/1095878/0201fibre2.qif>). The PLL lines up a 1.0625- or 2.125-GHz clock synchronous ly to e 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 

     Fi 3<h uh dia/1095879/0201fibre3.qif> shows 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 Figure 3 < https://m.eet.com/media/1095879/0201 fibre3.qif> for an 

analog repeater shows high loop bandwidth (~15 MHz) where the loop bandwidth is measured at the -3-dB transfer point. 

    

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. 

A digital 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 Fi i i i 

  

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. 

About the Author 

Bob Rumer is the vice president of Storage Communications at Vitesse Semiconductor Corp. Prior to Vitesse, Rumer held engineering positions at Tandon Corp., 

Philips Ultrasound, and Beckman Instruments. Rumer received his MSEE from the University of California at Berkeley and can be reached at rumer@vitesse.com. 
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If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 

Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
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filed application 

  

  
  

              
    
  

Publication Information: 
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  Prior Application Status 
  

  

v 

  
Remove 

  

Application Number 
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    Additional Domestic Benefit/National Stage Data may be generated within this form 

by selecting the Add button. 
Add   

  

Foreign Priority Information: 
  

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 
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Applications 
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contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

C] 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 

16, 2013, will be examined under the first inventor to file provisions of the AIA.   
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Authorization or Opt-Out of Authorization to Permit Access: 

  

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 

authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 

paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 

application (see paragraph B in subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 

authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 

application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 

authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 
  

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 
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(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of 

China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
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application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 

and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 

instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
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B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked, 

the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search 

results from the instant patent application when a European patent application claiming priority to the instant patent 

application is filed. See 37 CFR 1.14(h)(2). 

  

  

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a 

copy of search results from the instant application without delay in a European patent application that claims priority to 

the instant application. 
  

  
2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 

[_] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 

[ ] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 

application in accordance with 37 CFR 1.14.     
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Applicant Information: 

  

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR 

to have an assignment recorded by the Office. 

Applicant |1 

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 

The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 

1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 

who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 

applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 

proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 

identified in this section. 

@ Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor 

  

  

  

    
  

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest 
  

  

lf applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

"| 

  
  

  
  
  

Name of the Deceased or Legally Incapacitated Inventor: 
    
  

  

If the Applicant is an Organization check here. 区 
  

  

Organization Name “| Repo TECHNOLOGY GROUP LIMITED 
    
  

Mailing Address Information For Applicant: 
  

  

    

    

        

      
  

Address 1 Ugland House 

Address 2 

City Grand Cayman State/Province 
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Phone Number Fax Number 

Email Address     
  

Additional Applicant Data may be generated within this form by selecting the Add button.     
  

Assignee Information including Non-Applicant Assignee Information: 

  

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 

37 of CFR to have an assignment recorded by the Office. 
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application publication. An assignee-applicant identified in the "Applicant Information” section will appear on the patent application 
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If the Assignee or Non-Applicant Assignee is an Organization check here. 区 
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Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in 

subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must 
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This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 

entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 

patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 

power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 
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EFS Web 2.2.13

Marvell Semiconductor, Inc. - Ex. 1002, Page 000032



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 the Freedom of 

Information Act requires disclosure of these records. 

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 Arecord 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 
acontract. 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 CooperationTreaty. 

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 inspections 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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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 

Day
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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 

[0006] Fig. 1 is 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. 1 is 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, 3m, 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 port in 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 ISO/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 

- 10 - 
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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 (ISI). A decision feedback equalizer (DFE) 406 operates on the filtered 

signal to correct for trailing ISI 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 
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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. Acommunication 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. Acable 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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Editor's Note fo be removed prior to pablication): 

  

This front mafier is provided for comment only. Frant matter is nol pad ofa published standard and is 
therefore, not part af ine drafi standard. You are Inviied to review and cornment on ibas if will be inchided 
i: The pultished standard afler approval. 

One exception to [EEE sivle that is consciously used to simplify the balloting orocess is the numbering of 
the front matter. jnstend of the front ynatier being lower nase Rornan numeral page numbers, with the draft 
rastarfing aft with Arabic page numbers, balioted front matter arid draft are numiberad canseculively with 
Arabic page nurabers:       

important Notices and Disclaimers Concerning IEEE Standards Documents 

TEER documents are made available for use subject io important natices and legal disclaimers. These malice 

and disclaimers, of @ reference fo this page, appear in all standards and may be found under the heading 
“bapotiant Novee™ or “important Netices and Oneclaimers Concerning IREE Standards Documents.” 

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

TEEE Stundards docaments (siindards, rocommended practices, and guides), both fill-use and trigluse, are 
developed within. TERE Societies and the Standards Coordinating Committees of the TESB Standards 

Association CIREE-SA") Standards Board. TERE (‘he Institute) develops. its slandards throagh a 
consensus development process, approved by the American National Standards Tnsdinte CANSP , which 
britigs together volunteers representing varied viewpoints and interests to achieve the Ti product. 
Vohuroers are not necessarily members of the Institute and participaie without compensation from . 

While TEEE adnuiisters the pracess and establishes nies te promote fainiess in the consensus developnient 
process, TREE does nol independently evaluate, test,or verify the accuracy of any of the Informalion or the 

soundness af any Indionenis contamed in is slandards, 

  

    

EREE does not wairard or represent the aocaracy or conten? of ihe material contained ty is standards, and 
expresshy disclains all warranties fexpress, implied and. sighutory) not included: in this of any other 
die relating to the standard, inchading, but met hmited to, the warranties off merchantabihty; fimmess 

for-a particular purpose: pon-inihngement: and quality, accuracy, cflectiveness, currency, or campleteness 

ofmaterial, In addition IEEE disclaims any and all conditions relating ue results: and workmanlike effort, 

TEER standards documents are supplied “AS IS” and “WITH ALL FADLTS.” 

  

Use of an (REE standard is wholly voluntary. The existence of an TEEE standard docs not imply that there 
arene other ways fo produce, test, measure, purchase, market, or provide ather pouds and services related io 
the scope of the IERE atandard, Furthermore, the vieapoini exoressed af the time a standard is qnoroved and 

issued is subject ta change htaught abo through developments in. the state af the ant and nconinents 
received from users ofthe standard. 

    

    In publishing and making its standards available, IEEE is not suggesting of rendering professional or other 

services for, or on behalf off ary persen ar entity nor is TERE andertaking to perform any duty owed by any 
other person or entity to another. Any person ullliving any JEEP Standards dacurnent, should rely upon hls 

or ho awn independent judement in dhe exercise of reasonable care hi any given cirommigiances oF, 4s 
appropriate, seek the advice of a competent professional in determining. the appropriateness of a given TERE 

standard. 

      

TIN NO EVENT SHALL TEER BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES CNCLUDING, BUT NOT LIMITED TO: 
PROCUREMENT GE SUBSTITUTE GOODS DR SER VICES; LOSS OF USE, DATA, GR PROETTS: OR 
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BUSINESS INTERRUPTION) HCAWEVER CAUSED ANID GN ANY THEORY OF LIABEITY, 
WHETHER IN CONTRACT. STRICT LYABILITY. OR TORT (INCLUDING NEGLIG CE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PU LATION, USE OF OR RELL 
UPON ANY SPANDARD, EVEN IP ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE, 

       

    

  

Trarnsiations 

The TEER consensus development process involves the review of documents in Enalish ond. In the event 
that an IBEE standard is translated, any the Eaghish version published by IEEE ghonld be considered the 
approved IEEE standard. 

         

  

Official statements 

A. stafement, we or oral, that is not processed in secordance with the TEEE-SA. Standards. Board 

Uperations Mannal shall sot be considered or inferred. my be the official position of JEEB or any af ts 

committees and shall not be considered to bs, oe be relied ipem. as, a formal position of TERE. At lectures, 

Symposia, seminars, or educational courses, an individuad presenuag infisrmation on EEE standards shall 

make it-clear that ids or her views should be considered the personal wiews of that individual rather then the 
formal position of TEBE, 

Cormerents on standards 

Comments for revision of TEER Standards documents ure acicome trom any interested parry, rogardloss of 
membership affiliation with IEEE, However, [EEE does noi provide conaulting information or advice 
pertaining to TEER Standards documents, Sugecstions for changes in dacuments should be in the form ofa 

proposed charge of text, tagether with apprapriate supporting comments, Since TEER standards representa 
consensas of concered interests, it le Eaporiant that any responses to comments and questions also reexlve 
the concurrence of a balance of interests. For diis reagen, IEEE and the members of Ry societies and 
Standards Coordinating Commaitices are not able io provide an Instant response to conanenis or questions 
except in those cases where the miatier bas previously heen addressed. For the same reagan, TEEE does not 

respond to interpretation. reanesis. Any person who would [ke ip participate in revisians io an, TREE 
standard is welcome to join the relevant [ERE working proap. 

Comments on siandards should be subrnitied tothe follawttig address: 

Seeretary, HEER-SA Standards Baard 

345 Hoes Lane 

Piscataway, NI OS854 USA 

Laws and regulations 

Users of IEEE Standards documents should consult al’ applicable laws and regulations. Complianos wih the 
provisions of any TREE Standards document does not imply conplignee to any applicable reealatury 

requirements. Implementers of the standard are responsiic: for observing or refering ie applicable 

teguiaisey foqurements. [EEE does not, by the publication of Ns standards, intend to urge action. that is not 
in compliance with applicable laws, and these dacuments Ynay nov be construed as doing se. 
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Gopyrights 

        EEE draft and approved standards are copyrighted by IEEE under U.S. and intemational copyright laws. 
They arernade awilable by TERE and arc adopted for a wide vaciety of both, public and private uses. These 

inelude both use, by reference, in laws and rewulations, and use in private self-regulation, standardization, 
and the promotion of engineering practices and methods. By making these documents available for use and 

adomtion by public. authorities and private users, TERE does nat waive any cghis i copy 
documents, 

  

     

Photocopies 

Sublet to payment of the appromriate fre, IEEE wil rant users a limited, ion-enchiusive Hoense i 
photocopy portion of any indisidual standard for company or organizational Intermal use or imdividual non- 

commercial ase only, To arranges for payment of Licerisitng fees, please contact Copyright Clearance Center, 
Customer Servies, 223 -Resewood Drive, Danvers, MA 27923 USA: +1978 750 S400 Permission to 

phaiconpy pdrlions wf any individual standard for educational classroant wee can also be obtained through 
the Copyright Clearance Center. 

     

Updating of IEEE Standards documents 

Users of HERE Standards documents should be aware dal these documents may be superseded at any time 

by the issuance of new editions az may be amonded: thom time to tine through the issuance af amendments, 
comigenda, or crrata. An officlal TERE document at any pon iy time consisie of the current edition of the 
document tagether with any amendments, corrigenda, or errars then in effeet. 

Every (EEE standard ts subjented to review at least every tex years. When a dacunient is more than ten years 

old and has not andergone a revision process, # is reasonable to conclude that as contents, although sill of 
ganic value, do not wholly reflect the present state of the ‘art, Uedre are obdtioned ta check io determine that 
they have the Istest edition of wey TERE standard. 

fs order to determine whether a eiven document is ihe current edition and whether if has been amended 
through fhe issuavice af ameadmerits, corigerds, cor errata, visit. the TE SA Website. at 
hits iecerplore jeoe ore snl standards jen or contact TERE at the address Hsted: previously. For more 

inferoration about the TEBE SA or TERB's standards development process, vist die LEEE-SA Website at 
hin /fsiands 

  

      
        

    

  

iste Gre: 

  

  

Errata 

g can be accessed on the IERE-SA Website atthe folleving URE:        

  

Patents 

Altention ip called to (he possibility that implementation of this standard may require use of sublect matter 

covered by patent rights. By publication of this. standard, ne position is tiken by the TEEE with respect tothe 
existence or validity of any patent Nehts tp connectian therewith. [fa patent holder or patent applicant bas 
find a statement of agsuravics via an Accepted Letter of Agsurance, then the statetnent is Hsted on the 
TEBE-SA. Website ‘ai. bt standsesds joes ore shont saubvasicampatenis Qiad Letters af Assurance may 

indicais whether the Submitier ig willing ar uowilling i grant Hocases wader paicnt rights without 
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sarapensation or under coasonalsic rales, witbreascnable terms and conditions that are demonstrably free of 

HH discrimination to applicants desiring to. obhiin auch Hoenass. 

Essential] Patent Claims may oxist for which aLeter of Assurance has not been received, The IEER is aot 

responsible for identifyins Essential Paisnt Claims tor which a heense may he reqaired, For onnductiog 
Higduities mmto the lezal validity or scons of Patents Claims, or determining whether any Ueensing terms or 

conditinns provided in connection with submission af a Letter of Agsuravice, if any, or in aay Honey 

agreements are reasonable or sondisorimunatory. Users of ibis standard ave espressiy advised) thar 

determination of the validity of any patcat riebts, and the risk of biltingemoentof such rthis, is entirely thels 
own responsibil. Further information may be obtained thom the (EEF Standards Association. Y 
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Participants 

The following individuals were officers andmembers of the TERE 802.3 working group at the beginiiig of 
the TERE P8023 Jed w ‘orkigg group ballot. Individuals may have not veted, voted for approval, disapproval 

or abstained on this standard: 

  

Davkl dT. Law, (PEE 802.3 Working Croup Chat 
Adam Healey, . 3 Horking Group Fice-(harr 

Pete Ansiow, JE 3 Working & eres on See retary 
Steven B. Carlson, (ER : 

Valerie Maguire, 

  

   

       

    

Mark Nowell (AEE P86 
Matt Brows, JERSE 

Arther Marris, 7£ 
Gary Nicholl. Uf oe st i Task Farce Bait 5 
Adee Ran, 7} Sea Fea pad Force 
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Peter Stassar, JF 

  

   

        

    

  

Gopyight © 2017 HEE. All rights reserved: 
This San unapproved IEEE Standards draht, subject te change: 

eo
 

Be
e 

GE
 

Be
n 

te
e

Marvell Semiconductor, Inc. - Ex. 1002, Page 000067



Dral AmendmentioiRE Sid 802. 2-2045 EES Gea PBO2 Bcd 2 
TERE PSUs 309 Taek Forse ord-February SNF 

The dollawing members of tie individual. balloting comuiitice yoted an this standard. Balloters may have 
voted for approval, disapproval, ar abstention, 
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When the TEEE-SA Standards Board approved this standard on XX Month EX it had the follwing 
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FirstName Sernud Name, Chaise 
FirstName SccandName, Fice Casir 

FirstName Serond Name, Past Chair 

Konstantinos Karachalins, Secretary 
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*Mercher Kmertys 
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fey be napptied ab rmblisation| 

Michelle D. Tarner 
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introduction 

  

This introduction is nat part of TEER Sel 362 3od-Q0ys, TERE Draft Standard for Ethernet. Amendoxent: 
Media Access Cuntrol Parameters for 50 Givs and Physical Lavers smd Management Parameters for 3) Gb/s, 

  £80 Givs, and 200 Ghis Operation. 
    
TEES Std 8023“ was first published. i TOSS, Since the initial poblication, many projets have added HE- 
Honality or provided maintenance updates to the gpecifications and test inciaded in: the standard. Each 
TEEE 802.3 projcctamendinentis identified witha sullix (eg. TERE Sid 802. 3bah 2010), 

The half duplex Media Access Control (MAC) protocel specified in IEEE Std 802.5-1985 ts Carrier Sense 
Multiple Access sath Collision Detection CCSMAASCD). This MAC protocol was Key to thé experimental 

Ethernet developed af Kerox Palo Alto Research Comer, which had 4.2.94 Mb's date rate. Ethermet at 
TO Mis. was jointly released usa publi speotfioation fy Digital Equipment Corpanition (DEC), Intel and 
Neros if 198G: Ethernet at 1). Mb’s was approved .as an IEED staradard by the TERE Standards Board in 1985 

  
   

    

and subsequently published ip [N83 as TEER Sid 802.5-1985, Since 1985, new media apuions, new speeds af 

  

operation, and new capabilities have been added ia IEER Std 802.3, A Al duplex MAC protocel was added 
LOOT, 

Sons of the mien additions io REE Sid 802.5 are identified in the marketplace with their project number. 

‘This is most common for projects adding higher speeds of operation or naw protocols, For example, IEEE 
Sid S02 3u™™ added 100 Mb's aperation (also called Fast Etherned), TREE Sed $02.47 added 1000 Miys aper- 

ation alsa called Gigabit Ethamer}, IEEE Sut B02 See added 10 ES operatian (also called 10 Gigabst 
Ethernet), TERE Sid R02 Sah! specified access network Ethemer Gilse called Ethomet inthe First Mile) and 

fEEE Std 8G23ba added 4) tb's operation (alse called 40 Gisabit Ethernet} and 100Gh’s aperaton false 
eatled 100 Gigabu Ethemiet), These major additions are all now Inchuled in-and are superseded by TEER And 

a 
R02.3-3075 and are not maininined a8 sepantic documans, 

    

Atthe die of IEEE Stl 602 3cd-20sx publication, TREE Sid 802.3 is compound of the following documents: 

TEEE Sid S02. 3-2015 

Section Qne-Tnchules Chase [ throach Clause 20 and Annex A through Annex N and Annex 4A. 
Section One includes the specifleations for 10 Mb/s operation. and the MAC, frame formats and service 

iueriaces used for all speeds of operation. 

Section Two--Inclades Clause 21 through Claase 33 and Antex 224 through Annex 338. Section 
Twe inchides nati gerdent aliriiutes for nwultipic protocels and speed of aperation as wellas specifica- 

tions for praviding power over nvisied pair cabling for multiple operational spoeds. Tt also includes 
general information on 100 Mb/s-aperation ag well.as most af the 100 Mb/s Physical Layer epecifica- 
Hons, 

Section Thros-—Inclndes Clanse 34 through (Clause 43 and Annex 36A through Annex 43C, Seation 
Three inchides SEE infarmation en LUD Mbys operation as well as most ofthe 1000 Mb/s Physical 

Layer specifications, 

  

Section Four-—tneludes Chase 44 through Clause $$ and Antex 444 though Annex SSB. Section 
Four includes general information on 10 Gh‘s operation.as well-as nrost atthe LO (his Physical Layer 

spechications, 

Section Five-—tncludes Clause 88 through € lause FF and Annex SA faough Annex T6A, Chase 36 
through Clause 07 aod Clause 73 throng: Chinese 77)-ag swell as associated annexes, spoctiy subseriher 

acness and other Physicsl Layers and sublayers for operation frais 512 kbs tg 1} Gbis, and defines ser- 
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vices and protocol cements that enable the oxchanes af TEBE Sid S023. format frames hetween sta- 
tons im a aubseriber access network. Clause O8 specifies « 10 Gbh's Physical Laver specification, 

Clauce ae through Claase 74 and associated arenes specify Ethermet operation aver clectrigal baok- 
planes at specde of 1000 Mbys and 16. Gbys. 

    

Lager Disco ery Protocol (LLDP) type, length, and ‘value TLS information ， 过 Tents Clause BQ 

thraugh Clause 95 and assnclaind annexes inchides Se infonnation. on 40 Gb's avid 1) Gbis aper- 

ation aswell he 40 bis and 100 Gbis Physical Lays or specifications. Clanse 90 specifics Rthernet sap- 
port for tie syrichronization: pretonals. 

FEEE Sid REQ JbwO-20TS 

  

Amendment 1-—This ainpendient isitlades clumees to Sid BO23-2018 and adds Clause 96. This 
amendment addy 106 Mb/s Physical Laver (PHY) apecifications and management parameters for oper- 

aiion sm a singe balanced twisted-palr ogpper cable,    

TREE Sid 802 Sby #2016 

  

Ainendinent 2--This amendment includes changes to 和 Sid SO23-2018 and adds (anse HS 
through Clause 112, Annex 1G9A, Annex 10GB, Annex OA Annex [LOB and Annex EEC This 

amendmen adds MA&™ jaramoters,. Physical Layers, and management parameters fir the transfer of 
TERE 802.3 fonnat frames at 25 Gb/s, 

TEER Sid 802. 36q78-2076 

Amendinent Te ie amendment inclades changes to TEER Sul #02 3-2013 and adds Clause 115 and 

Physical Layers for 25 Geys and 40 -Gbs operation aver bal 

anced 1d twistedepair sirctured cabling $3 ratemis. 
      

TREE Sid 202 Bhp O20 he 

Amendment 4—This wnondment includes changes t IEEE Set $02.3-2015 and adds Clause 97 and 

Clouse O8, This amendinent adds point-to-point | Gb/s Physical Layer (PHY) specificatinns aid man- 
agement par rameters for cine on a single bakmeed twisted-patr capper cable in antamotree and 

ming plant. 

  

TEBE Std 802. 3br?™.20 16 

Aspendment —-This amendinent includes changes in LEEE Sat SO2.3.2015 aad adds Clause 29, This 
amendment adds a MAC Merge sublaver and a MAC Merge Service Interiace te support lor Interspers- 
ing Express Traffic over a single Hak, 

TERE Std 802 Si M26 

Amendment &-—-This ameadiment adds the Physical Layer speoifigations and managenient paramekers 
far symmetric and/or asymmeiric operation ofup to 10. Gb/s on pointdeanultipoint Radio Frequency 

(RF) disirivation plants comprising oliher amplified ar passive coaxial needia, 1 alas exhnds the opera- 
thon of Ribernet Passive. Optical Networks fEPON} protocols, such as Multipoint Control Pratocal 

CMPCP) and Cyreration Adauinistration gid Manigenient (OAM). 
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TERE Sid 862 36278-2078 

Anendmeat T—-This amendment includes changes to TREE Std S02.3-261 5 and adds Clause 124 and 
Cinuse 126. This amendment adds new rates ef 2.5 Gis and S Gb/s and new Physical Layers for oper~ 
aliost at 2.5 Gb/s and 3 Gb/s aver Reed ivdstedspair structured cabling sysienss: 

    

      

nid SOZ Shae 20 is 

   

   

~This amendment inchales changes to IEEE Std 802.2-2015.40 define a amethadslney 
sion of power vie 8 single peisied palr to connected Data Torminal Equipment (OTE) with 

Avecndngend | 

    

dP 8003-2018 and. adds Clause 115 and 
Annex lisa, 4 cal Layer (PHY) specifications and 

nuinseenient parameters for operation an duplox plasic optical fiber (POF) targeting nse ip automalive, 
industrial, home-nebwork, and other applications. 

          

Amendment &-—-This 

  

  
  

FREE Sid 802 3bs?™.20 bs. 

This amendment inchades changes fo IEEE Sui 802.3-2015 and adds Clause 11.46 throngh Clause 12s 

and Annex 1194 dough Amex PQ0E. This amendment adds MAC’ parameters, Paysical Layers, and 
iumgement parameters for the fanefer of TERE 802.3 format farmes abot) Ghis and 400 Ghis, 

    

PEEE Sid 802 Sfothers BS201 x 

This amendment tnclades. .. 

TEBE Sid 802 3d 201 y 

This amendment melades changes iq TREE Sid 8023-2014 and adds Clause 151 through Clause 140 
and Avex ISSA through Amex 1560. This amendment adde MAC paranieters. Physical Layers, and 
qiamagement parameters for the thimsfer of TREE S023 format frames al AQ Ghis, 10 Grb/s. and 

200 Gb/s. 

     
   

    

  

AGE dacument FREE Sul 802.341 describes Ethernet manigenient information bese (MIB) modules 
for me wilh ihe Siniple Nene ork Management Protocol (SNMP) TEER Sid 8023.1 1s updated to add man- 
demon capability for enhaneemients in TREE Std $02.3 afler approval of the enhancements.    

BSEE Sid 802.3 will continue i evolve, New Ethernet capabilitiss are anticipated ke be added wilt the 
next few years as arpencinionts to this standard, 
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45.3,1.7 PMA/PMD situs 2 register * (Reg 和 
TREE . ca 3 
2 . | 

45.2.1.8 FMD manson disable regis 1.9), seneeaags tue Figeseosnenanane Sulrenegeainenvenne 2 2 
AS LA4DL AG PMAIPMD extender ability (Register | 20). rs 、 aS 

45.2.1. 1a L3G) MA remote lo 2 半生 srsarsaasasasossioseaesareonais BA 
a8 2041 : LR ability (120.4)... wavdonven gene tedven Senseeseans Cs 83 

本 信人 83 3  S0GBAS Rability (1.26.3).. ar OO 
4524 1abl.4 SOGBASESE. ability 20, 2 se 
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45.2.1. [461.6 SO0GBASE-KR ability 人 200 Sa 

45 2) 140) PMASPMD ontended abiliny 2 (Register 2.29) occurs ceneecnerteenrnenne SA 
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48.2, 201 RS-FEC control reatater (Register | 200). Ce 
45.2.1. 101.a8 Four-lane PMD (1.260.3) .. 有 

如 BS-PEC stubs register (Register 120 有 as 

二 

      

    
    

    

  

  

1102.2 RS-PEC align stan C1. 

AS 2 1025 FEC AM dnek (1 208,99 

AS, L126 5 FEC AM Mock OU) 209.8).. 

$52.3 39 FEC optional staies supported a SOL 

week 

at 

    

OED. 

  

408 RS FEC BIP error counter lane U (Register L230). La 
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4 
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TSSE.S Protocol 1 ianplementation sonfisenane Nes » statement (PICS) profiseny a for Atinex 1 SSE, Chips 
tosmodiile 40 Gb's 2slane Aitachment Dnt Interfaces (S00 AU? CoM) and EDU Gbyre 4+ 

fae Attachment Linit fvterface (GOGAT CoM 
{introduction 

    

   

SES a a ‘Limp! ome aviation identification .. 
ESSES.2.2 Pete SURE ws, 

TSAR AB wes 

{3SE.5.4 PICS g ator tables for Annex 135, fe hip-to-modk He 58 Gis S23 Jane Attichnient. 
Unit Interface SOGAUL? CIM) and Lun Gb/s 4-lane Atachment Unit interthce 
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Annex 13SF tnermative) Chip-io-chin 40 Gis I-lane Attachment Unit Interface (AUG AUT-1 C2C) and 
}00 Cbs RE Atachment Ut Ioterfies (1GQGAUTES CAC bic ciandes set tdadcienvuindiceneieecene 254 

    

      

  

PSSFL) Overview... cas Lem 

TSSF 2 SOGALT-I CC and 100G AL ; C2 aC coniplianes: point defi finition... 
PASE 3 SOGALR-I “and LOOGAUL2 C2C electrical characteristics 

    

SR SOGAULT C20 and INOGAUT-2 CIC iransmitier characteristics DS othyecseperruetgerapeareters BSS 

PBAF 3.2 SOGAULT C2C and PQUGALTN-2 Cat receiver CHAPSCIOTISHES .ee SAS 

P3SP3.2.1 Transmitter precoder reynest (aptional) ... bs 
SP SOGAUT-) C2 and LUGADE? Cle channel aa aCtETISHCS | vise 

IBRES Protocol a ae conformance statement (PICS } profirnia for ‘Amiex {ASE fe aip- 
to-chip 30 Gb/s ]-lane Attachment Uni Ierfiace (SOGAUE? C2C) and LU Gbis 2-lane 

Attachment Unit Ivcrface( OGG ATH A? LOY oo conc co Qececcennente ene nnseranerieneneniendrenne SE 
TASES) DO ccti ON acu ceees ag ecccneees kobe bovine 334 

RS Identification... bes 

ISSP.3.2.1 implementation identification wage fans 四 
2.2 Protocol SHEY ss _ ea sa La Doth 

13SF 5 S.5 Matar ¢: apshilities/options ... 了 ius veri ‘ ss 

3SRS PICS proforma tables for Chig-to-chip $¢ Gb/s T-lane Attachment Unit Interface 
(SOGAUT-T C2C5 and 160 Gb's 2lane Attachment Unit Interiace (1OOG ALTAR C2) . 34S 

ESSE S.4.2 Receivers. 加 bes Janes ln 

        

   

  

     

   

     

    

  

    
Agnes 135G Ce Chip-ta-module 0 Gb/s [-lone Agachment Unit Interface (SOGADT- 1 CERSI 

and 100 Give Jase Atschment Uinit-liverfece (LOOGAUIE COM os cae ccascssuareneeaernteane AE 

   

  

     

13501, ’ Bite error r ratio... ees wes leraaptichiawenemyenerneine OOS 

me 2 30GAUE] CIM and 3 LOUGAUT2 2 C eh 3 

L
e
e
 

3 50G: AUT 人 DAL COM el Css 

COM and WMUGATTA2 C2 4 ost output characteristics wiaenscevsenesipesvarncnscen > 

2M and 1G0GA0L-2 COM module output characteristhesoc nu OS 
350.33 AOL CE 
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ISHA2 Tranam iter characteristics a at 

L36A3 Reostver characteristics ar TPS. 机 

1364.4 Transmilter and rocelver difftrentis al printed of cite nit board t grace © 108s... 

TIGA. A Tisannel insertion lass .. 

{RG6A.6 Channel rear loses. waves 

L36A,7 Channel Dperating Margin C OM)... 

Annes T36B Cnormathass Test fintures for SOGRASE-CR, LQOOBRASE-CR?. 20GB: 

T368.1 Fest fixnves... 
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(SSG. 3.4 GAUTHT COM and 1G, A012 CAM module opt charackerishes ssc cuiuic. an SSO 
S3G.4 SOGAUTL] COM and TOGGADI-2 C2M measurement methodology ak 

antalion canisrmance siasement (PICS) proforma for Annex SG .Chi- 
fo-modale 56 Gb's I-dase Attachment Unit Intertaee (SOG AUT 1 CaM) and 100 Gbis 2- 

lane Attachment Uni Interface {OGG A UES 二 人 

1353.51 Inirakction. .. 

P8G.4.2 Identification .. 机 : 

[35G.5.2.3 Implementation identil Beation.. 

135G.3.2.2 Profecol suniviary 、 
1336.53. Major ¢ spabiliticedoptions.... Cs 
135G.5.4 PICS proforma tables for Chik ; went Unt hucrfacc 

(GAULT C2ND and L0G Gbis 2-lane oa Init Unter thee (TQUGAUTL2 C2M) 361 

前 Eee 
PSSG 3.4.2 Mpls Ha 

{355,543 Host iput..... ae weenie wen 

  

   

      

     

  

   

    
Agnes 136A. (normative) TRO and TPS teal pom parameters and channel characieriatics for 

SOGBASE-CR, MOGBASE-CR2. and 2DOGBABSECRS cick cnsenutiaie nue euibenerseinens SOR 

   

  
SOGAUT-] COM), and WOOGAULE2 CaM. 

   
IS6B. 1 Matted test txt Bas Le 

LS6B L151. Mated test Fixtures ‘differential i insertion nb lose... ea cvedapesad ued Gepaagsvedsaenvanueeenene 

TS6B 11.2 Mated iest fisteres differential return lass... 本 ss 
   

      

PRB. 3 Mated test RES common-mode conversion insertion 3 108s... 本 

1368.1 44 Mated test fisnures caimiman-innde reli: bnaes, cece 368 

FS6B 1.1.5 Mated test fatires commion-miods to differential mode retara ss 368 

1368.11.86 Mated inst fixtures Integrated crosstalk anise. . ven 368 
13682 Protocel implementation conformance sigtement (PICS) proforma for Annex 1368, Test 

fixtures for SOGBASE-CR, LGOGBASE-CR2, HOGBASE-CR4 SOGAUET COM, and 

EC 
[36B.22 fdentiiication .. ase 本 

£36B.2:2.1 Impl emertation identification ... 生生 
PSGE2.2.2 Protocol Samm ary cee seas ners cni en eetuaneneenataprenwanianiearentesteniaerstieieaentere GOD 

1363.2. 9 Major capahilines options ... as 370           
          

136B.2.4 PICS praforant tables for test fan mares for “Test Hxtores for JOGBASE-CR, 

IDOGBASE-CR?. JOGGRASE-CB4 SQGALT-E OOM. and TQ ALHT2 COM OE 

Ames. (S60 ~ (nor pialive) Host and cable assenibiy for fackws for SOG BASE-CR, LQUGBASE-CR. 
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机 本 六 

上 六 让 人 全 RE     

  

1602.2 OS) 
136C.3 Cable assembly form: factors 

LS6C 3. LSEP2S to SFP28 cable ably form Betar sw cesnesersene 
1360.32 OSFPRS to OSFP24 cable assembly form factor oc. 

3.3 CUSPPIS to 4xSFP28 cable asseenbly form faetor..<.. 
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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 

  

IMPORTANT NOTICE: IRER Sinadards documents are not intended foensure safety, Realth, ar envi- 

ronmental profection, ar ensure against duerference with ar front other devices or metworks. Luplement- 
ors of PERE Standards docunien’®S are responsible for determining and complying with all appropriate 

safety, secupiy, environmental, health, and interference protection practices and all applicable laws and 
regulations. 

this IEEE document is made available far wae subject te important notices and legal disclaimers. These 

xofices dnd disclaimers appear in all publications cantéining this document and inay be found ander the 
heading “anportant Notice” ox “bapeortent Natices and Disclaimers e oncerning fEER Documents, " 

They can abo £¢ ebtainal on request from HEEE or viewed af bfgo~ : 

ER 

  

NOTE-—The aditing instructions contained in this amendment define how to merge the niaterisi coniained 

therebt Into the existing hase standard and its amendments to form fhe comprebensive standard, 
  
  

The editing insiructions are shown in bold Te Four editing instructions are used: changes, deiete, iisert, 

and replace. Change is used to amake corrections in oximing teat or tables. The editing Instruction specifics 
the location of the change and descrikes what is being changed by using sriketimeusl(to FOR old miate- 
rit and underscore (to add new material). Belere removes existing material Insert adds yew material with- 

aut disturbing the existing material, Deleuots aod Insertions may require raammberiis I! so, renuhberidg 
ingiructions are elven inthe editing instruction. Replace is used to make changes in figures or equations by 

yemoving te existiag figure or equation and replacing itwith anew one. Editing Instructions, cliaties mark- 
ings, and this NOTE will net be carried over inte Et editions becuse the changes will be incerponitcd 

  

nite the base standard, 

  

  

  

      

  

    PRIOR TO PINAL PURLRCATION Reviewers and He publics fe 
the? edi aS Rove dear aediten te mininuze tre prababilit 
ton from other J FREER BOS. 3 anendhent project PRPS IR vpovaile 
PSO) SRR) trot pe died } ihe scare fei dad fables. 

          

  

TORRE REMOVED I 
    hig w lost at fbi 

Tue Shy cand 

  

           

Copyright @ 2017 IRES, All rights reserved. 
This ds an unaperoved IEEE Standards draft, subject lo ctange. 

Sa
h 

fa
y 

D
e
 

OF

Marvell Semiconductor, Inc. - Ex. 1002, Page 000094



  

Draft Amendment io EEE Sit 802.3-2078 IEEE Draft PaO? Sod 1.Z 
{EEE -PRO2 Sod Task Force Sra Fabuery 2047 

4. introduction 

1.1 Overview 

1.1.3 Architectural perspectives 

4.1.3.2 Compatibility interfaces 

insent the following new compatibility interfaves afisy “h) 40 Ghes Parallel Physical Interface (NLPPY ": 

KD AO GKe Media tadependent trenftice CNIGIIH). The SOGMU is designed to cantiest a SO Gb/s 
capable MAC to a 30 Obie PHY. While confiormumece with implementation of this biteriace is not 
necessary if snaure communication, if allows flovibility in inemmining PAYs and DT Es at $0 Gb’s 

speeds. The SBGR is a logival interoanmection intended for use SR inta-chip interface, Ne 
mochutica! cannenior is specified for use with the SOGMIL The SOGMN is optional, 

k23 SOGhS Ataciment Unit duerface (© SS0G AU) The LAUR2SOGAUI Is a physival 
instantiation of the PMA service imerkics to extend the connection. hepween 50 Gbes capable PMAs. 

While conformance with implemoriation of his interface is not teressary to etisuts Cantniamnication, 
it ig recainmended, since i slows maximum EN in infermixing PHY sand DTRs at 40-Gb's 

speeds, The LAUI-2/50GAUT is intended: for use asa chip-to-chip or a chip-toamodule interface: 
Ewe. widits of S6GAUTp are defined: a: nea-hine version (SO0GAUL2) in Annex TS4D- and 

Amex 135, and a ons-lane version (AGGAUEE) in Annex POSE and Armes 134¢¢ No mechanical 

consiecior is specified for use with dhe LADLE2/S0GAUPn. The LAUL2/SOGAUL is optional. 

  

rT    
    

    

  

   

  

   

Change the canpadiiity interface “ay 108 Gb-s Attachment uit interface (CAUT-a)” as follows: 

  

tm} {00 Gass Atachatent Unit beerface (CAC Lafb0Gd lia), The CAD Pn OOGAULn is a physical 
ingiantiation of the PMA service interface io oxtend the connection herween 1G) Gbie capable 
PRiAs. While conformance ail implomentstion of (is interlace is nol necessary to ensure Commu 

ication, itis recammended, since i allows Ritatn flexibility in idermisiog PHY's and DTEs at 

OG Spee The CAULn is intended for nse as a chip-to-chig or a ieee ean ie inferkace, 
Discfwe SS s and 

x . w-e dhorlane. version (CAUIAS wf). } aad, 3 “5 

Annex 1358D, ard Annes [35E. ard 3 fwa-lene yn CINOGAET-2) mm Annes PSSF and 

3. No mechanical consector is speclied for use with the CAUP IGA n. The 
BOG AUT -n is optional, 

  

      

     

  

           
     

  

   

  

  

1.3 Normative references 

Change the reference for LEC 61753-022-2 ax Jollanes: 
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1.4 Definitions 

fnvert the following new definition after L452 “HGBASE-R encoding: 

1482a THGBASE-CR2: TERE 802.3 Physical Layer specification for 100 Gh/s using HNOGBASE-R 
encoding over wo lines of shielded balariced capper cabling. (sce TEEE Sid 6023, Clanse 1363 

Sasert the folowing new defindion afier L054 “TOUGH ASE-CRAPS 

  

14 Sdg HG BASE-DR: TERE 802.3. Physical Layer specification for Hi) Obs serial transmission using 
LQOGBASE-R cacoding and evel poles amplitads modulation over ane wavelengiii on cinigle-mode fier, 
with rosehip teat least $00 mm, (See TERR Sid 802.3, Clause 140.) 

   

Insert the followiag new defluitian after L455 “THOGBASE-KPQ: 

1.4588 1OGBASE-KR2: IEEE 802.5 Physical. Laver specification for 100 Gb/s. using 1GAGSBASE-R 

encoding ayer iwo lanes of an clectrical backplane. (See DEEE Sid 862.3, Clause 137.) 

fuser the folowing new definition after L458 “2Q0GRASE-LRE*: 

14488 TGOGBASE-SR2: TERE S023 Physical Laver specification for 100-Gb’s using HNGBASE-R 
encoding over two bines of mubimode fiber (See TEER Sid 862.3, Clause 198.) 

fusert the following new definitions afier 14. 22a “JQGBASE-T” (as inserted by LERE Std 802 3hg-2016}2 

14.7240) S0GBASE-CRIIERE 8023 Physical Layer specification for 30 Obs using SOGBASE-R encoding 

aver one lane of shicided balanced copper cabling. (See [EEE Sxl 802 3, Clause (36) 

A.72a2 SUGBASE-FR: : eral iranemission using 
SOGBASE-R oncading and delew a ‘pulse onplitede dulatin Over one Wav vele noth on sngiommods fiber: 

with reach up iat least 2 kim. (See TERE Sid 802.3 Chase 1903 

   

    
半生 SOGBASE-RR: TERE 802-3 Physic 

over one lane of ant electrical backphme. (Ace TE 

   
   

repecification fir $¢ Givs ueine SGOBASE-R encoding 

Sid 802.3, Clause T3733 

La flad SOGBASE-LR: TEBE 802.4 Physical Layer specication for 50 Obes serial tranemission. using 
SOBASE-R cacoding amd ¢-level pulse amplitnds modulation aver ons wavelength on single-mode fiber, 
with reach up te atleast Hh km. (See TREE Sid 682.3. Clanse P89) 

    

14,7248 SOGBASE-R: An TEBE 802.3 physical coding sublayer for one-lane 50 Gb/s aperation. (See IEEE 
Sid 802.3, Clause 1313 

14.7236 SUGBASE-SR: TERE §02.5 Physinal Layer epécification for SO Gh's using SOGBASE-B esionding 
over multimade fiber, See LER on 802.3. Cisse 138) 

  

Las? 8 Ghis Attachment Un interface (NG AT I-n, LADD 2) A physical imsiantution of the PMA 

serving interface to extend the cotinection between 30 Ghys capable PMAs aver one lane GOGAUP 1) of two 
lanes (SOG AUL-2, LAUL2) used for chip-to-chip or chio-to-module interconnections. (See JERE Sid 862.5; 

Clause 135 and Annex 1358 dough Annex 138G.) 

  

  

Suble Layer RS) and the Physical ‘Coding. Sublayer { PC :9 for 56 Ghi OSI. See EEE Std 802, 3 

CS P32) 
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14,7289 BMOGBASE-CR4: [EEE 802.5 Physical Layer specification for 200 Gls naing 2GSBASE-R 
encoding over four lanes of shichkied balanced copper cubling. (Ses TEER Sid 802.3, Clause 136) 

Insert the following sew. definition «fier Lif2e “200GRASE-FRS" fas Inserted bp TERE Std 

S02. 388-20: 

LAT2cb 2HGBASE-KR4: TERE S029 Physical Laver specification fur 200 Gb/s using 2O0GBASE-R 
encoding over four lanes of an electrical backplane. (See TEER Sid 802.3, Clause 157.3 

    
  

dusert the following sew definition after L472 “MMGBASE-R™ tas inserted Ay TEEE Std 802. 3D8-20188 

14. flel 2ONIBASE-SR4: TEER 862.3 Physical Laver ape itis ation for 200 Gh‘s using 2QUOBASE-R 

euoading over. four kines. of maltimoie fiber. (See TERE Sid RO 3, Clase 128) 

Modifp 1.4.81 as follaws> 

1.4.81 LO Gb Attachoient Unit Interface (CAUT-n, LOOGAULay A physical instantiation of the PMA 

service Interface fo extend the connection between 100 Gb/s capable PMAs over n lanes, used for chip-ta- 

chip of chip-to-rachde interconnentions. Three Fee widths of CAD are defined: a teu-lane. versiga 
(OAL F+48}, anewo font lane versions €C. AUIS LOCALS 4. and a twoelane VEEsion (NOGA?) See 

A and. i - 

d Annes 

  

  

   

  

   

  

    

and Annes i BG   

insert the following aew definition affer E4203 “fast wake”: 

14.2034 FEC Inne (FECL): In SOGBASE-R and TKS BASE-R the FEC distributes encoded data to malii- 

ple logical lanes. these logical lanes are called FEC lanes. One or more FEC lanes can be multiplexed and 

oan tied oti a physical lane together af the PMA senace interfaces, (Gee TEER Sid 802.3, Clanse 135.5 

  

Moulift 14.325 fas modified dy TERE Sid 802 3bs-201x) as follows: 

1aa28 PES Jane CPCSEY: fp rE] BAS and 

AUOGBASE-R, the PCS disuibutes encoded data fa o maltiple fopical lanes, these lovicat faves 2 are © call ed POS 

lanes, One or mare PCS lanes cat be rmi 四 xed and curried on a physical lane together at the PMA service 
interface. (See TERR Std $02.5 Sand wand Clspse P38) 

    

   

  

4.5 Abbreviations 

insertihe following aa abbreviations inte the list, in giphanwmerte ander: 

PROG ALT 100 Ghs Atachmient Unk Toterfkes 

SUGADI 50 Obs Attachment Unit herfane 
S0GME 50 Gb’s Media Independent Interface 

FECE FEC Lane 

LAG SS Aitashmnesth Unit Dsterde 

Gopyight © 2017 HEE. All rights reserved: 
This is an unapproved IEEE Standards draft, subject to change. 

9 
40

Marvell Semiconductor, Inc. - Ex. 1002, Page 000097



Drak Amendimentic IEEE Sid 8023-2015 REE. Dra P82 Bedi 3 
HERE POOR God Taek Fore ard February 2037 

4, Media Access Control 

4.4 Specific implementations 

44.2 MAC parameters 

Chinge Juble 2 fae modified by TREE Saf 8022092016, LEER Stl 807 3b0-2076 wed TEER Std 
80D Shs-20 Dy as follows: 

Table 4~2—MACG parameters 

  

MAC data rate 
  

25 bs, §.Gins    

  

  

  

  

  

  

  

   

        
       

   
  

  

  

  

  
  

Parameters Up te aad 38 Ghis, 40.0) 
including UAGhs S0-Ghis, JOR Gb/s, RGbA 
108 Mb/s 268 Ghis, and 

ay Gb/s 

| sloti ane Sid bir times 4096 ba tunes aut applinable nad aaphcable 

infaPackettiap® 96 bit 6 Tits St bits 

et IE sok applicable “| -Hanplioaphs 
| backaill dant He) 让 not applicable ned applicable 

| jamie 32 bits S2 fats sotapphesbls nol applicable 

| maxBasicPrarneSize J518 oviets ISLS potets 

E mA xk ee welopetia rames nei oSize co “3000 Re es 2000 an set 

| quinkraniesice Siz brs (84 netetsy | 322 bite (4 potens) )- S72 ibs O64 octets) 

be buestlioit yotapphoshbe 65: S36 bute nat appre able 
  

                

ackeil up 

Change Nate ? below Table 2 tas madified by LEERE Sul 8020.3b9-21e) ax follows: 

  

  4000 ME receive digas atthe OTe diasin walbck te folerancs wd dane 3h Henment reghirements. 

Copyright @ 2017 IRES, All rights reserved. 
This ds an unaperoved IEEE Standards draft, subject lo ctange.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000098



Draft Amendment to 证 攻克 SH 02 2 IEEE 六 相让 和 人 
{EEE PROS Sed Task Force Sai Pebriary 2017 

30. Management 

30.3 Layer management for DTEs 

36.3.2 PHY device managed object class 

3.3.2.1 PHY device attributes 

38.3,.2.1,2 aPhyType 

invert the following new entry ia “APPROPRIATE SYNTAX" after the entry Jor JQGBASE-R: 

APPROPRIATE SYNTAN: 

SOGBASE-R fs SO mulg-PCS lane 4B GOR 

36.3.2.1.3 aPhyTypeList 

fasert the follaving now entry in “APPROPRIATE SYINTAS" after the ence for 47 BASE-R: 

APPROPRIATE SYNTAX: 

SOGBASE-R. Clause 133 46 Gb's moakti-PCS lane $4 BGR 

30.3.2.1.5 aSymbolErrorDuringCarrier 

Change the fourth paragraph inthe “BEHAVIOUR DEFINED AS section of MR3S.245 tas modified by 
TERE Sid 862 3hy- 2036 and TEER Std 802. 3h8-209x) ax follascs: 

BENAVIOUR DEFINED AS: 

For operation at 10 Gs, 29 Ghis, 40 Ghis, 50 Ghis, 100 Gbis: 200 Ghss, and 400 Gbis, Hien 

cow ofthe number af times the receiving media is non-idie (ihe tome between the Startof Packet 

Delimiter snd the Ead of Packet Delimiter as defined bey Sands 3 for a period of tins 

equal te or greater than minPrameSixe, and dunng which there. 0% Fone accurrsnce of ai 
event that causes the PAY to indieate “Receive Error” on the (see. Sind} 

  

  

       

  

30.5 Layer management for medium attachment units (MAUs} 

36.5.4 MAU managed object class 

30.5.1.1 MAU attributes 

30.5.4.1.2 aMAUTyne 

dnsert Iie following new entries in “APPROPRIATE SYNTAA™ section af 30.3.8 12 fas inadified by 

EEE Std 802,.3hy-2013) with the SOG wuirics going after 40GBASE-FR, the 1I0G entries going ufier 
LGOGBANE-ERS and the JOWG envies gong after UORASE-ERa? 
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TERE Pan 30d Taek Fore Srd-February SN? 

APPROPRIATE SYNTAX: } 
* 

SOGBASE-R Multidane PCS as gpecified tirClause 133 ath PMA‘as specified in 3 
Chuse 135 over undefined PMD a 

St BASE-CR MSSBAGE-R PCQIPMA over sitidded oupper balanced cable PMD as 3 
specified in Clause 136 & 

SOGBASE-ER. SOGBASE-B POS/PMA over an electrical backplane PMD ‘as 7 
specified in Clause 137 § 

SIBASE-SR SRGBAGE-R PCQPMA over atimede fiber PMD as specified in 9 
Clanse (38 16 

SOGBASE-FR SOGBASE-R 0 
Chaise 139 12 

SUGBASE-LR SHOBAGE-R-PCSPMA over single mode Myer PMO. as speotiied in 18 
SR 139 {4 

LUOGBASE-CR2 ISOGBASE-® PCS/PMA over 2-4ane shielded copper balanced cable 16 
PMD as specified in Clause 156 U 

HNOOBASE-ER2 IOOGBASE-B-PCS/PMA over un electrical backplane PM~D as 18 

specified in Clause: 137 过 
LUOGBASE-RRZ IQQOBASE-R POA/PMA over 2-lane minitimode fiber PMD as specified 20 

in Clause 138 2 
IOGEASR-DR }OGBASE-B POS/PMA over singe mode fiber PMD as specified in 23 

Claws 140 33 
we 24 

2ODGBASE-CRS IOGBASE-B PCS/PMA aver lane shielied capper balanced cable oe 
PMD as spsciied in Clause 136 26 

200GBASE-KR4 TOGOBASE-R PCA/PMA, over an clectrical backplane PMD as 2 
specified it tlauae 137 a8 

AIGBASE-SRA ER POS: Mt A over d-lane maltimode fiber PMD as specified 29 
3G 
A 
32 
38 
这 

Change the last paragraph of the “BEHAVIOUR DEFINER AS” section af HLS ALA tas modified by i 
TEBE Sid 802 Jay-2018 and LEEE Std 862. 38-201) as follows: 34 

BEHAVIOUR DEFINED AS: Bie 

* ER ations: OUR ASE-X. | OG! DB ASE- SED, 15008. ASE-XED, - HOGBASE-N, i" 
BASE-B, NOGBASE-R. 4 

26008, ASE- R, ane $006 BASE- R shall ia be rotumed itt the naderlyite PMD type isiikniows. a 

30.8.1-1.4 aMediaAvailable 二 

Chatige the sith paragraph of the “BEHAPIOUR DEFINED AS” section of HELL (as modified bp s 

IEEE Std 802. 369-2016 and IEE Std 862. 3bs-201x) as follows: 48 

BEHAVIGUR DEFINED AS: a 

Por 4 Gbis, 30 Gbys, 100 Giv’s. 200 Gb's, and 400 Ghys, che emumerations ap to 外 at the < 
Ra within the Link Pant) Stonsling SEE diagnim (soe 84 i 0 54 

ag follows! the values OK aad Link Sderaption mar tothe enumeration “av ssilable 7, he vad 4 

j Gooyright G 2047 JERE, All rights reserved. 
This ds an unaperoved IEEE Standards draft, subject lo ctange.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000100



Draft Amendment to 证 攻克 SH 02 2 IEEE 六 相让 和 人 
{EEE PRO2 Sed Task Force Sr February 2047 

Local Fault maps itethe enumeration “not available’ and the vaine Reaiote Faalt maps io the 
emaneration “remote fal", 

30.5,1.4.44 ablPErrorCount 

Change “APPROPRIATE SYNTAX and first sentence of “REHAVIOUR BEFINER A8° of SE3.1221 
as follows: 

ATTRIBUTE 

APPROPRIATE SYNTAX: 

A SEQUENCE af geheralived nonresettable counters, Bach counter has'a manxinnin increment 

rate of 1G 000 counts per second for 40 Gbis and 3G Gis's draplomensations and 5 G0G counts per 
second for 100 Gb/s ininlernentitions, 

BEHAVIGURE. DEFINED AS: 
For 402) 1OOGBASE-R PHY s and HGBASE-P PHYS. an array. of BIF error counters, wee. 

  

    

     

pee
rs 

  

30.8.4 1.42 aLaneMap ping 

Change the first sentence of “BEHAFIOUR DEFINED AS af 3A3 LASS fas medified be DERE Svi 
SOD She 201s) as follows: 

BEHAVIOUR E 

Por 40/8) 

identifiers. 

FINED AS: 

100/200 AGOGBASE-R PHY s and MOOGBASE-P PHY s, a8 array af PCS lane 

  

   

30.5.7.4.19 aFECAbIity 

Change the fit sentence af "NEHACIOUR DEFINED AS” af SO5 1145 tas modified hy TERE Sid 
S02 3hy-2018) ay follies 

BEMAVIGUR DEFINED AS: 
Areadbaniy valie that mnuioates ifthe PHY supe ports att FEC aad Hays er for Giewandl ovror correntign, 
{sees 4, (sass OL, and © 

    

     wy NEA 

30.5.4.4.47 aFECCorrected Blacks 

Change “APPROPRIATE SYNTAX of 30.8.1.117 (as modified by IERE Sid 802.3hy-2010 and IEE 
Sf R62 3he-20 Lx) as: followss 

APPROPRIATE SYNTAR: 
A SEQUENCE of generalized nonresettuble counters, Each counter has a maximum increment 

rate of | 2033 OOD ocaants per sconad for 100 Mb/s iyplenientations, 5 DOU OCH? osunis per second 
for) 18 Ob: ‘S 28 Gbis, and 40. Gos implementations, 14 G00 000 connts per second for SO Gh's 

silations, 2 S00 GOG counts per second for 106 Ghs inplementations, 40 G0 GO) couns 
ner second | for 280 Gbys Impelemeniations, and DR G00 counts per sacand for 400 Gbis 

Raplomentations, 

  

  

  

Change the first sentence of the “REHARIOUR DEFINED AS” of 30.20.1007 (as modified by LEEE Std 
302 3hy-2016 and IEEE Sal 802. 3hs-201x) as follows: 

BEHAVIOUR DEFINED AS: 

Gopyight © 2017 HEE. All rights reserved: 
This San unapproved IEEE Standards draht, subject te change: 
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For TQUOBASE-BX, HkSSMOS0/1 00/20) 400GBASE-R. TOOGBASE-P TGGBASE-PR: of ER 
IGBASEsPRN PHYS, an array of corrected FEC block counters. 

36,8.4.4.18 aFECUncorrectableBlacks 

Change “APPROPRIATE SYNTAX? of SLE LIS fas wsodified by IEEE Std 803. cbe-2006 and TERE 
Sa? S02, 3hs-20 1) as follares: 

APPROPRIATE SYNTAX: 
A SEQUENCE of generalized nonresettable counters. Rach counter has a madman increment 
rate of | 200 G0 colints per second for TQO0 Mis tmplomentations, 3 G0 G00 conte per second 

for 10 Gbis, 24 Gbis, and 40.Gb:s iplemeniations, 1 G00. 500 counts per second for 30. Gbis 

iaplementations 2 30) 00) counts per secend fir 10) Gb/s tmplemeniations, 40 DO) DOO counts 
per secend for 200 Gb’ implementations, and 80 000 GN0.counte per second for 400 Gis 
implemenintions: 

    

  

     

Change the fret senténce of thé “BEHAVIOUR DEFINED AS” af 50.3.4. 118 (as madified by TEBE Sed 
Sd23hp-2071 6. and EEE Sad 802 3b8-20 DG as follows: 

BESAVIQUR DEFINED AS: 
For INOG@BASE-PS. HOPVaiSOl GO 20G4DOGBASE-B, LOGUBASE-P, LOGBASE*PR. ar FG 
EGBASE-PRA PHYS. un array oPumeorrectable PEC block counters. 

30.5,1.1.26 aRSFECSIPErrorCount 

Change “APPROPRIATE SYNTAX” and first sentence of “BEHAVIOUR DEPINED AS” af 30.3, 11,38 
as follows: 

   

ATTRIBUTE 

APPROPRIATE SYNTAX: 

ABSEGU fgeneralixed nanresetable counters. Each counter has a raxinan increment rate 

of 3 QUO conmis per second for 20 Gb's snd P00 Gin’s implementations. 

BEHAV IOUR DEFIN TED AS: 
7 E-B MOGBASE-R, and MOOGBASE-P PHYs, an-array of BIP error counters. 

  

30,5.141.27 aRSFECLaneMapping 

Change the first sentence of “BEHAVIOUR DEFINED AS” af LAL LS? as follows: 

  

BEHAVIOUR DEFINED AS: 
For SQGBASE-R. MOOBASE-R, and TOG BASE-P PHY s., an array of PCS lane identifiers. 

Copyright @ 2017 IRES, All rights reserved. 
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30.6 Management for link Auto-Negotiation 

30.6.1 Auto-Negotiation managed object class 

30.4.4. Auto-Negotiation atiributes 

36.8.1.1.8 aAutoNegLocalTechnalogyAbiity 

daseet the fallawing new entries fa “APPROPRIATE SYNTAX” section of SE.64.13 with the 30GR eniry 
Re affer JOGBASE-COR4A, and the HOOGRS and J00GR4 entries going afer HOGBASE-KP4 as follows: 

APPROPRIATE SYNTAR: 

S0GR SOOBASE-CR as specified in Clause 1) or SOGBASE-RE a8 
specified in Clause 137 

2 a8 specified in Clause 196 or TOUGBASE-RR? as 

eta 
as apecified in Clause 136 or 200GBASE-KRS as 

specified kx Clause 137 

HOOGRS 

   Rd 

Gopyight © 7 All rights reserved: 
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45, Management Data Input/Output (MDIO) Interface 

45.2 MDIO Interface Registers 

45.2.4 PMAIPMD registers 

Change fable $$-3 fas modified by IEER Sat 802 20-2016 aud LEER. Std 8020 3hs-26 8s) as follows 

(unchanged raws pat shawn}: 

Table 46-3--PAMA/PRD registers 

  

Register achiress Raister name Subchause 
  

  

S005 PMASPMD extorle     
  

RE ad ability 2 2 

  

      

  

  | L236. Reserves 
  

  

  

     

   
  

LShi tindel: 2, SUG AUILn, and S820 TGR 
chip pies hp hamoriiier cqna tiation, ASQ T1Ge 

Transm a eellon, fane 二 ts rough lanc 
  

  

Reserved 

  
  

  

  

  

  

  

  

  

  

  

      
  

  

  
  

  

  

PP OG PMA ES ma a8 2D bby 

LAQ? ibroneh 1699. Reservist 

Lodi throne bY ES: Reserved 
  

  

Libfe through} PEos 

  

  
lanes O dhrageh 3 
  

Reserved 

  

      cL Tid the ugh L199   
    

Copyright @ 2017 IRES, All rights reserved. 
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Table 45-3--PMAIPMD registers (continued) 

IEEE Draft PRO? Sodi01.2Z 
Sid February 2017 

  

Register address Register name Subclause 
  

  

FL ADM) three 11219 Reserved   
  

LUS2G thepaeh 11255   BASE 
    

  

dt: PAMS PSAP toaprtin: 

rough 5 

  

  

at   | Abr 
PP dotd teroualy } $399   

Reserved 

  

  

| 14910 themeh 119718   

    

  

  

LSS iheoteh 11533 ALPAMS PMD training LD contend regigtors.   
+ feouoh 3S      
  

Leow 

  

  

Reseed 

  
as 11399 

  

Lid]) threnpth | Jade Resereed   
  

POLAR throueh P1428 

  

  

By 

  

    

  

      

  

    

Change the rave far bite £0,552 in table 434 (as nanlified by LERE Std 802 Jby-2016, IEEE Sid 802.20%- 

2016, and LEEE Std 802. 3bs-20 1x) ax follows (unchanged rows set shown): 

45,2,4.13 Speed selection (4.0.73, 1.0.6, 1.0.5:2) 

Change the last parneraplt af 13.2. 100.3 tas modified bp LEE Sal 8023-2016 and TEBE Md 802, 3bs- 

SDL) as follows: 

When. bis 3 through 2 are set ta 0010 the wie ofa 400: PMASPMD i¢ selected: wher set io Od]! the ase ala 
LUDG PMASPMD is selected: when set io G100 the use ala 25G PMAPMD is selected; when set to 0007 the 

gee of a 56G PMAJPME je selected: when set to 1000 the use afa todG PMAIPMD is selected: edna set fo   

TOOT the use of ¢ 480G PMAJPMD is selected, More specific selection is performed using the PMAJPMD 

control 2 resister (Register bY} (sce 43.2.1.6.3), 

Gopyight © 2017 HEE. All rights reserved: 
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Table 45-4——PMAIPMD control’ register bH definitions 

  

Name Description. 
  

  

Speed selection 

  
CO
RE

 
We

e 
ee

e 
me
et
 
on
e 

Q
l
 

g 
a 

g 
i} 

站 
6 
Q 

站 

ae 

x. = Reserved 
weed         

    
io FO GANS 

SIBASE-UL 

RAY 

            

a 
SRAW = Read Write, SCs Seliearng RC Read dnb 

45.2.17.2 PMA/PMD status 7 register (Register 1.7) 

Change the fourth sentence ef 43.2.5.2.3 (ax modified by IEEE Std 802.31). 2016 aril LEEE Std 802. 3he- 
2008) as follews: 

For LOPS. 40/901 OOFFOaG0 GUO operation, bit 11.7 fa setto a one when either of the drule bis (LS, 

18.10} incated in register 1.8 are set toa one, 

Copyright @ 2017 IRES, All rights reserved. 
This js an unaperdved IEEE Siendards draft, subject fo change.
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46.2.1.4 PMAIPMD speed ability (Register 1.4) 

Change the vow for E43 ia Table 45-6 (as mortified by IEEE Shi 802,30n-2016, TEBE Std 802. 35-2018 
and SEER Sid 802. 3bs-20 1) as follaws dunchanged rows ned shawnj}s 

Table 46-6-——-PMA/PMD speed ability register bit definitions 

  

BRS) Sartte Brescedption Ray 
  

  

    

  

PAS Reseren SOC capable 

    

  MDs capable of opersting at Sf GB 
wat APD 35 ned capable of pyemting at         

        
SRO Read only 

Fasert 45,.2.3.9.60 after 5212.6 as follaws 

45,2.1.4,6a 506 capable (1.4.3) 

Wher road as.a.on6, Di 14,3 Indicates thatthe PMASPMD is sble to operate at a.data rate of 50 Cos When 

pead a5.a-zere, bit d4.3 indicates tharthe PMASPMD js notable ty operate ata data rate of 50 Ghys, 

45.2.4.6 PMAIPMD control 2 register (Register 4.7) 

Chuage Table iS—7 fas modified by TEER Spi 862. 35-2015, IEEE Std 802 3by-2016, IEEE Std 
&O2 Shg-2016, TEBE Saf 802, 3hp-2076, LEEE Sif 802.3hn-20is, DERE Std 802. 3by-2016, [EEE Std 
SOR 3b 201 6, LEER Sid 802 268-2018, FERE Sid 805, 30b-20 x, and LERE Sid 802 300-20 1x) as follows: 

   

Table 45-7--PMA/PMD contral 2 register bit definitions 

  

BRis} Name Description Popa 
  

LES EQ | Besarved Value always 2 RO 
  

  

Las PRARE PMA egress ALY stop unable RA 

  

  

            aes Resecved Value abways } PRO 
  

Gopyight © 2017 HEE. All rights reserved: 
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Table 45~—7-—PMA/PMD control 2 register bit definitions (continued) 

  

Bis} Naan Description RAS 
  

Pha: 

    

PMAFPMD tyne selection 

     

   

La
t 

SA
 

pe
t 

1 
S
o
 

a
o
e
 

i
n
 

gi
l 

st
, 

ton
, 

Se
 

&
 

—
 

pa
 

  

i é i 60 bo: 

Laloogt: 
TITTEE 

  

  

  

   

    

   

        

   

    

   

  

   

        

   

  

   

   

    

TOOL 
LOG TOPE: 
Logie 
POOL} = EK 

1607 0G 0. HOG 
LOee Lia % 
LOO 616 b= eserves 

10 01.0 6 = SOCHSS 
Peoood) 
PG0GOT 02 306) 
LOD ODO t= SHGBA 
LOOOG OG = 3068 ASH REPS. 
GPREL «res 

QpiL Pes 

  

  

  

  

  

  

  
  

  

  

  
BMD 

  

Qu LE): 
OPEL Pap p= 
GA LET G 
QE bEGad 
OLELQGO 
OPPO TED 
OPLOLTS 
GPR TO 

  

OL 1G601 T= 1GPA’ 
0410050 1NGRA 

6 } 人 辣 8 b= 
QPOELgL 

OPOPP Eas De 
b181184 tt A 

OPO) LOG= HOG 2 
a Pah b= 10068 
OLOPO EO 1OOGBAS 

PPOLOO T= WGK, 
O40 OE OO Oss HAAR ASEAC 

GCLGOLE DS reserved 

      

RAY 

    

Copyright @ 2017 IRES, All rights reserved. 
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Fable 45—7-—PMA/PMD control 2 register bit definiiions (continued) 

Bits) Name Description RAs 

  

  

1780 PMA/PMD type selection | 010 
fconiin: feontiaed) GL 
wad} OTe 

Opa 
   

    

              

   

  

     

    
   

  

    
    

            

VON Eas 

GIGSGOt 

‘ PARE OG 

QOPLT EP Hy GRA 
POPP) HG 

   

    

GOLEL OS 
hee 

  

ved 

00 rl i re 
Gpae at 
QO Oe ba 
HPOPTOLTGL 

POTS pads Hic 

GOLAG TL 
COLOG LQs 
QO PaO = 

HOTGHG0= 

POa LT i- 

BOOTLEG HORA: 
e > e 4} 2 3 = TORY 

   

360 Lot is 2 NGBA 

POLO T= HGRA 
OOO POO b= LOGRASE-T 
GOGT OG = LOCA 

OOOO EEL = WY 
GO GT Las HAGE 
POROLOT= 1GGBA 
G.800100=40GR2 
GOO0O FL TO5R 

060 G0 2.0 = 1G! 
» 和 0 站 a i Heady 

oe
             

eRe Wo Read Wray BO Read only 
OY BASE-TT is selected, bits 1.2 160.3:0 are used to diflentiate which BASE-T tg 
“UBASE-TT PMACPME is sclacied, register 1000 is ised fe chfikeentinte edhich By ASEH PAY PME ris cele sivel 

      

  

Change 2 L03 tas oadified by TERE Sud 802. Jbe-201 x) ax follows: 

45.2.1.6.3 PMAIPMD type selection (4.7.6:0) 

The PMA/PMD type of the PMAJPME) shall be selected using bits to 0... The PMA/PMD type abllities of 
fhe PM. A PMD are asivertised In bie 8 und 7 dhrowelr 0 af the PMASPMD status? repistery the PMA/PMR 

: iste L0G PMASPMD extended ability register: the JOG PM AUPMB extended 

ability reviste RD extended ability remister, and the 4G0G PMA/PMD extende: i ability 

register, A PMA! ‘PMD shall ignore writes. to the PMAVPMDD type selection bits that sciect PMASPMB types 

      

     

Gopyight © 2017 HEE. All rights reserved: 
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ithas not advertised. Ht is the responsibility of the STA entity to. cnsure chat aaimally aeceprabis MMD topes 
are applied comsiatently across all the MMDs on a partiquar PHY. 

45.2.1.7 PMA/PMD status 2 register (Register 1.8) 

45.2054.7 4 Transmit fault (8.74) 

dusert the follwing rows affer the raw for 4UCANE-T Oehich was inserted by IEEE Std 80.0 3)gq-2016) 
sit ihe exception of the JIGGRASE-DR row which goes after the HOGRASESR¢d PMD in Table 45-9 
as fotlowy (unchanged rows nat showng? 

Table 45~-8—~Transmit faull description location 

  

  

  

PMAJPMD 7 Description lacation 

| SOGBASE-KR, IdQQNASE-KR2, ISTA9      

| 2OGBASE-REA 
  

} SOO BASE-CH, HOGHASE-CRE. ERS 
| 2Q0GRASEACRS 

  

  

  

  

  

  

        
Pp SOGHASEOPE, SIGBASIALE TORR 

| THIGH ASE-DR MOSS 
  

45.2.1.7.5 Receive fault (4.8.18) 

Insert the following wavs after the pow for JOGBASE-T fehickh was inserted bp IEEE Sul 802.3hg-2026) 
with te exception af the WO0GRASE-DR rem which sows afier he JOQGBASE-SR& PMD in Table 45—10 
as follaws fanchanged rows not sitowe): 

Copyright @ 2017 IRES, All rights reserved. 
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Table 46~10—Receive fault description location 

  

PAEA/PARD Deacription lication 
  

  

    

| 2600BASE-ER4 
| SOGRASE-ER, LOUGRASE-KR?, 

  

    } SIGBASE CR, POUGBASEACR 2, 

  

  

| S80 

  

  

  

| }QOGKASE-DR       
45.2.3,.8 PMD transmit disable register (Register 1.9) 

  
Yahle 45—12—~Transmit disable description location 

insert the follawing rows affer the row for JO0GBRASE-T freitich was tusenied by TEES Sui Si2 3hg-2018) 
with the exception of the 1UOGRASE-DE row whick goes afier the JOGGUBASE-SRA PMD in Table 48-12 
as follows finchanged rows not siows}: 

  

Description lecatian 
  

  

| SOURAS 

  

   

  

  

| SUGRASE 
| 2O0GBASE 

    

  

ER 
| 236GRASE 

  

-REOERRARSESRS SN 
3 
  

| SOOBASE-ER and SOGHASELR 
  

          

Ms
 

iy
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insert 48.2.0.14h1 before 45.2.1 Liedas inserted by TEEE Std 802. 366-2016) as follows: 

The assizmment af biisdn the 2a PMASP MD extended abuity register is shown in Table 48-175 b, 

Table 45-17 b1-—-506 PMA/PMD extended ay register bit definiviens 

  

Ris Naame Bescription Rw 

LOVES SG PMLA EGR 

lunpback ability 

  

  

  
To peribon a yemde RO 

      

he ability 

  

phack function 
O= SOG PMA does not have the alnity fo perfenua 

remote loopback RE 
  

  
Lath pa Reserved Vane abovage 0 RO 

Lt SUGBASE-ER ability = PMAI APMP is able lo porfonwd SOGHASE-ER RO 
   

    

   

0 = ae VP MD iS apt able cay per fom 0% 
   

  

  

  

  

  

     
  

L203 SOOBASE-FR abalite i PMASPAD ps able ta perfeen 56G ASE RG 
doe PMAP MD is not able te perfor SUOBARE AL 

£202 : SQUBASE-SE ality b= PMACP MPM & able in perforin SOOSA STOR RO 
Q = PATAIP MD is nets ble te perio REOBASESR 

bat SGRASEACH abaliny p= PMA MD BS sab hs SS SUCE LASER Re 

下 | SOGHASE-RR ability RQ             

ARO = a Reade onby 

45.2.7 44b1,1 506 PMA reniote lonpback ability (1:20.95) 

Wher read as a one, 690120, 15 jadicates that the SOG) PMA ts able to perionm the remote loopback fimetion. 

When read as a zero, bit 1.20.13 indicates that the 30G PMA is not able kt perfanm. the omic loopback 
Rincuon. La PMA is able to per. orth the remote loopback function, the Bis controlled using the PMA 
yernais loopback bit 1.0.4 (sce VAS). 

x,
 

      

45.2.1 14b1.2 SO0GBASE-LR ability (1.20.4) 

When poad as gone, BIO T2G.4 indicates. that the PMA/PMD is able to operate as 4 SQCQBASE-LE. PMAS 
PMD pe. When read.as a-gero, BU T.20.4 indicates that the PMASPMD is not able to operate as 
SQOBASE-LR PMAIPME type. 

45.2.7. 14b1.3 SOGBASE-FR ability (1.20.3) 

When read as a one; bit 120.3 tndicales thar the PMAYPME js able to apenas as a SGOBASE-FR PMA! 

PMB type. When read as a zero, bit 1OMhS Indicates that the PMA/PMB is not able le-operaie as a 
SO0GBASE-FR: PMASPMD tyne: 

Copyright @ 2017 IRES, All rights reserved. 
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45.2.7,14b1.4 50GBASE-SR ability (7.20.2) 

  

When read a¢ a one, bit 120.0 indicates thar the PMLAJPMID is able to operate as a JOGHASE-SR PMAS 
PMD type. When read aaa vera, bit 1.20.2 Indicates dial the PMA/PMD is nol able le operaie as a 
SDGBASE-E. PM ASP MD type: 

45.2.4.14b1,5 SOGBASE-CR ability (1.20.1) 

When road as gone, Bit 20.1 indicates that the PMASPMID is able ty operate as a MMSDAGEACR PMA! 
PMD pps. When read as a gerd, be 120.) indicates that the PMASPMD is not able to operate as 4 

SOG BASE-CR PMAFPMD type. 

45.2.7, 4401.6 S0GBASE-KRR ability (1.28.0) 

Who read as a ane, DA 20.6 indicates that the PMAPMD is able t@ operate a8 @ SGGBASE-RR PMA? 
PMB type. When tread ae a zero, bir LINN) indicstes thatthe PMA/PMD is not able to operate as a 
SOGBASE-KR PMA/PMD type. 

  

desert SS 223962 after 44,27 14f (as inserted by SEGE Sid 802. 3s-201x) ae follawe: 

The assiomnont of bits in the PMAJPMD extended ability 2 register is Sha in Talis 48-179), 

Fable 45-17—PMA/PMD extended ability 2 register bie definitions 

  

Bitsy Mane Description RAY 
  

L25URd | Resaved Value always 0 RO 
  

1238.0 | SOG auterided abilities {= PMAIPMD hes SHG extended abiihes Heted ha RO 
register 120 
G= PAP MD dacs apt have S80 extended abiities 

  

            

8REES Read onby 

45.2.1,7491.1 S06 extended abilities (1.25.9) 

Whit read as g one, BN 125.0 indicates that the PMASPMD has SOG ostended abilities Hsied in register 
P20. When rend as 8 wor, Bf-1.25.0 Indicates that the PMAJPMD does not have SiG extended abulitios, 

Gopyight © 2017 HEE. All rights reserved: 
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AS20407 RS-FEC. control register (Register 7.200) 

Change Table 95-79 (ax modified by LEEK Sid 8023-2016) as follows 

  

  

  

  

  

  

  
  

  

  

    

     

  

  

‘Nae Rew 

fleserved RO 

1200-3 Four lans PMD indication RAW 

网 aoe wee enya 3s enabled. re 
eta tata 2500? RS-PEC enatle reins Wy 12002 A530 REPEC enable < disabled RW 

aK eye 加 error-to fhe PES . L208. PEC bypiies indication enable Sn aa (200.3 FEC bypass indication chable the PCS layer eW 

$200.0 PEC bypass correction onable RAY 

  

            

ARAN © Read WHE ROS Read only 

Fasest 452 E101 aa before 43.2. 51620 (as insested by LERE Std SE23by-281 6) ax follavs: 

4$§.2.4. 101 aa Fourlane PMD (1,200.3) 

This birenubles the ahemment marker mapping function in the RA-FEC to subsuinue the fixed bytes of the 
alignment orarkers corresponding to PCS lanes 17, 18, and 19 with the fixed bytes for the alignment marker 
corresponding fo. BOS: lune 16 isee OLSG@. When this bif is set to vero, the aligument markers 

corresponding to PCS lanes 17, 18, and 19 are passed through onrnadified. The default value af this bit is 
28r0, 

4§.2.4.402 RS-FEC status register (Register 1.201} 

Change the resepred rows far 1201773 in Fable 15-80 as follows Ginckanged roses not shown}: 

Table 45-80--RS-FEC status register bit definitions 

  

  

   
  

  

  

      

Bits} Description Raw 

了 BO 

ee ee i - 
eo Reserved i Value always 0 RO 
             

“ROy = Toad only DH = Latching high 

Copyright @ 2017 IRES, All rights reserved. 
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Cheage 22h, GLA LIOR fas modified by IEEE Sat 80238-2018), wed $5 211028, and 

IR ZLIAZE as fallows 

46.2.4.402.1 PCS align status (1.201.175) 

Bu 1201.15 indicates the PCS. alignment status of the RS.FEC. Por the RS-FEC described in Clase 4) or 

Jause 134. PCS alignment is defined as block lock, alignment marker lock and-deskow of all 20 gansmat 
PCS lenes. For the RA-FEC described in © PCS alommnent is defined us block tock of the ransmit 
PCS signal, When read asa zero, Bt 1S indiesios dat the RS-PEC has net obtained POS abenment, 
When réad as a one, bit 1.28105 Indicates dant the RS-FEC has obtained PCS alignment. 

   
   

    

46.2.4.102.2 RS-FEC align status (1.207.14) 

Bil 20 4 indicates the ‘PALA glignimont stag of the RS-FEC. Forthe BS-PEC described in Clause $1 of 

ay arker Inck ami deskew cf all four lanes on the PMA 
让 PMA allgument is.dafined as codeword marker 

Tock ¢ on a the PM: iv Reryics imerfaoe, When -read as aac, bit 121M indicares thar the RS-FEO: hag net 

obtained PMA alicnment, When read asa one, bit 1201.14 indicates that the RS-FEC has oblained PMA 

alignment, 

    

45.2.1.102.8 PEC AM lock 4 (1.204.9) 

When read as a one, DiC 1. 204,9 indicates that the RS-FEC described in Clause 91 or Claus 
and alioned bane | of die PMA service interface. Wheo read as zero, bit 12012 indicates that the RS-PEC 

has not locked and aligned lane 1a! the PMA. servion Interfics, This bit reflects the state of amps lacki}) 
{soe OL 3.3.1), 

     

4§.2.1.102.6 FEC AM lock 6 (1,201.8) 

When read as done, bi L201 8 indicates that the RA-FREC described in Clause OL or Clanse [34 has locked 

anid alianed lane.G of dis PMA service interfaces, When read as a-zero, DEL iedicates that ie RS-PEC 

has siot locked and aligned lune G of the PMA service interfaces. This bi reflecis the slate of amps lock?0! 

fsee STAAL. 

    

Pert 44.2. R102 da afer $35.2, 10206 as follows 

45.2.4.102.6a FEC optional states supported (1.261.7)} 

When read as a ang, tit 1201.7 indicates that the RS-FEC desertbed in Clause 91 iniplements the optional 
siates in Figure 91-8. When read asa zero, bit L201) indicates that the aptional siates are nol implemented. 

Change the second sentence of 5.2.1 108 as follows 

45:2.1.108 RS-FEC BIP error counter lane 0 (Register 1.230) 

9 63) 

Gopyight © 2017 HEE. All rights reserved: 
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Change 全 全 1d idd to d5.2 1 1G fas inserted bp TEER Std 802. 266-2015) as follows: 

45.2.1. 118d S0GAULN. Sa 200GAULn, and 400GAULN chipto-chip transmitter 

equalization, receive direction, lane 0 register (Register 1.500} 

The assignment of bits id the SQGAUT 1 LUNGAULS OO A Ulen, aad 400G AUP chip-to-chip tana 
tet equaliontion, receive direction, lane 0 register ie shoved fable SR The tansaiitter, reteive ditec- 
Hon, Is the transmitter thar sedds data towards the MAC. 

  

    

  

  

  

  

    

        

  

   

     

  

   

     

  

   

  

  

  

  

   
   

      

Table 46-S0ab—-50GAUEH JQQGAUL2 ZO0GAULn, and 409G4ULn chip-to-chip transmitter 

equalization, receive direction, jane 6 register bit definitions 

Bitis) Name ‘Deseription Rw 

PSGRIS Request flag RO 

PaO 7412 | Past-cursor neguest he RO 
core 7 
Lod @ 
ed - 
二 sted "ey 
8. f } me 

f.36 5 

Q-& 7 sed (cll) sate. 0.95) 
O80 aoa ef} rete OY 

PSOG TIO f Poo-cursarrequist Who RO 
Ld Reg 
1-8 8 
Bo} Rey 

OO Re 

ESQ? Postcntaar remoteasiting | 987 RAY 
PET Res served 
PLO Rese 
EEE Re 
1oe f 

id Rew 

OPE Ree 
BOY Aes 3 1 ratio 3 3} 

O00. Remote eg ef =F ily ratio Fi 

1500.65 Pre-oursog remote setting | 2 RW 
VY. Renwie es eyed = 2 fet Tn fA TS} 
10 Ker if j ith ty 
BL. Bemares eq e ~{} 
HQ. Rewer we ae ict Prato ae             

Copyright @ 2017 IRES, All rights reserved. 
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Table 45-S90ab—50GAULN, 1O0GAUL2, 20D0GAULN, and 400GAULn chip-to-chip transmitter 
equalization, receive direction, lane 0 ragister bit definitions (continued) 
  

  

  

     

    

      

  

Bits) Saree fescription Rae 

{sade Past-cursor ideal setting 432 RAW 
Lid Reserved 
PY. Reserved 
10} baad eg 0: 
PHO fecal eg. 
3 t Lace! eq eh: 

  

  

Pettagt Pro-carsar fubal setirig EW           BG Loe eat Peg. “coin = Css ay 
  

FRAN = Reads Write, HO = Read only 

45.2.4,1160.1 Request flag (1.500.78) 

The wilue of this bit indicates the value of the variable Regus? flag in the kme 和 SOGAUI 1. OGAUES 
This indicates 20GG AU ba, of 4Q0GAU Ten receiver brithe receive direction (see 

whether the SOGAUEn, POOG AUT 2 7O0GAUEn, or Q0GAUER chip-to chip devi foe 1s lasuiig’a request to 

change the remote transniitter equalization ithe SGG AUT -n HGAUER? 2OGGATT-n, ar 400GAU ohii- 

toechip inne O tranamitier in the receive: direction. Ufa lane 0 SOGAUTn TOQGATT2 200GALLn, or 
GAU receiver in the mxeive direction is nof present inthe packase then the value returned Rir this bit 
should be vere. 

  

     
    

  

  

  

45.2.7 .1160.2 Post-cursor request (1.600.14:12) 

The value of these big indicates the value of the varable Asqwented es cl de the lane 0 

LOOGALT? 260 GAUL, or 400GA Un receiver in the receive direction (sce and 3 

When Sequel foe is equal fo 1 ihis valac indicates the ratio of the postoursar cochicient o(1), witch | is 

reqaxsiod for the wansniiier equalization j inthe S0GAM En. IOGGAUL? DOOGAUT-An, or 4G0GAUEn chip- 
fo-chip lane 0 transmitter in. the receive direction. 

      

  

45.2.4. 4160.3 Pre-cursor request (1,800,47:90) 

  

The value of these bua indicutes the value of the variable Kegnasfed eg cm! in tie lane & SOGAET ay 
LOOG ATT. 2, 2O0GAU Iu, or SG0GA Lien receiver dn the receive direction (es 2 aud 

When Request oe is equal to 1, this value indicates the ratio of the pre-curser coefficient cf-1), which i is 

roucsiod far the tranenaitier equalization inthe SOG AUT DOG AUT? DO or 4Q0GA UT chip- 
io-chip lane 0 tansmifier in the rceeive direction. 

           

  

45,2.4.4160.4 Post-cursar remote setting (1,500.9:7} 

      
     

    

The value of theae bits sets (he variable Renate OCR 

GAGE in the receive dir ny This is nsed by a SOG AUT 

IQUGAUL2. 2OOGAUEs, ar 4QUG AU hy receiver that sraplements the optional iranamitier equalization 

feedback as ad indication. of the retin af ihe posbcarsor cneffieient cy being uged in lane 0 of the 
SOG AUR a POGGAUT3 QOOGA UTA: ar 4080 AUN-noransmiter in the rescence direction (see. 1298.3 
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‘ ae Ht may be used to generate vahies fer the request flag and the request bits. Hf a dane G 
in LOG ADT2 200G ALP, or 4Q0GA U0 ba receiver in the receive direction is not present in the 

package, “he n these bits have no effect, 

  

  

AS. 2.7.41160.8 Pre-cursor remote setting (1.500.6:5} 

The oy 

  

  lue of these. Inte sets fhe variable Menifee eg” cal for the lone G SGAU Ion. 和 

2NGAU Ty, ORGASLHRTYEReRET in the receive direction faoe 2083.2 and BAS) 

3 SOGAULn, OGAUT2 2H0GAULn, or 400CAUL-n receiver shat Bnplentents the optional transmitter 
equalization feedback us an imdication of tee ratlo of the pre-cursor coniicient c(—-1) being used in lane 6 at 

the SOGAUT =n TQNGAUTLS 2GGALT A, of AGO AD ba transraitier in the réocive direction (sce oa 

and PSN 3.72) Ttmay be used to generate values for the request flag and Tbe reqes) bits. Ifa rane 0 

S0Gs AT 了 GAOGALEOT AROGALR recerver in the receive directian. is. sot present in the 

package, then these bits have no effect. 

     
  

  

    

  

45.2.4.7960.6 Post-cursor focal setting (4.500.4:2) 

        

The value ofthese bis sets the variable Local eg - 

At /NGAUL-1 transrnitier in the receive direction ieee 2 and a q 

the tranaieitier Vequalization brn SR a SG AUP IOBGSAELR OGA or 

LOGG AUT 2O0GAUT a ar 

  

  

  

45.2.4. 4160.7 Pre-cursor local setting (4.500.150) 

The value sf these bits sots he variable Local ea cal for the Jane 0 206. Allien }OOGAUHAS 200G An 

or 4O0GALT-n ransmitier in the receive direction (see 12 apd T2003) which controls the weight 

ofthe iranismitier equatization pre-cunsor coelindont ct 1) UP a lone 0 SOGAD Tc IDOGALT-2 2OGGAUE, 
or J00GAUTs wansmitier in the receive direction is not present in the package, then these bits have no 

effect. 

    

  

          

  

45.2.1.118e S0GAUI-n. TO0GAUT-2, 200GAUIn, and 400GAULn chip-to-chip transmitter 
equalization, receive direction, lane 1 through lane 15 registers (Registers 1.401 through 

4.518) 

The SOG ACER 3 OGADT-2 2OOG AUT, and 4O0GACH a. chip-io-chip tnimamiiter equalization, tecetve 
direction, lane [through lance 19 regiaters are defined similarly to resiater 1] S00-avhich is used for kine 0, 

S00 48.2.1.) bod) bat for lanes I thravel: Lap respectively, The transmitter, receive direction; is the trmsmit 

ter thar sends data towards the MAC. 

  

  

45.2.4 T18F SOB AUT 1 UL2, ZOOGAUEn, and 400GAUIL-n chip-to-chip transmitter 
equalzation, transmit direction, jane 0 register (Register 1.576} 

  The assizniment of bits in the SOGAL in. RAR 2b0CAUI-a, and 40GG,A Un ohtip-tmchip-ransmit- 
ter equalization, SR direction, Jane 0 register is shown In Table 45-S0ac. The iwansmitter, iransmit 

direction, is the transmitter that sends data towards the PAID. 
    

45.2.4 4168.4 Request fag (4.816.18) 

  The vabse of this It indicaics the walae of tie vanalde Request fog in the lane a | SOG: Alsat, JOOGALTE? 

200GAUT-n, or 4G0GA Lon receiver in the East direction (see: | 2.2.3) This indicates 

whether the SOG AU} LOUGALN-2 DOGG AUTL-s. of 400GAU Li chipta-chip device is isting a request to 
change the remote minster equalization | in the SOGAUTn, WOGALT-2, SRUGAUDER, ar 4006, AULa chip- 

to-chip: laos O transmitter in the transmit direction. [fa lane 0 SGQOUAU ER, IGOGAUT?, 206GAUTEn, or 

  

   

      7     

  

  

Copyright @ 2017 IRES, All rights reserved. 
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equalization, transmit direction, lane 0 register bit definitions 

Seg Fabruary 2017 

Z200G AUN, and 420GALN41 chip-to-chip transmitter 

  

  

  

   

   

  

    
  

  

  

      

  

   
       

  

  

      
   

   
       

             
    

  

Bits) Name Description rw 

TRESS Request fag RS is requested BO 

. f= No change in cqnalization is toqueated 

LSi6-bE) 2 | Postoprsar requost Wisk RCS 
PoP 2. Reserved 
Po} Reserved 
toed 5 eC) }raho- 村 2 

1-8-8 3 1} rate 

fy a3 { 
8 1.0 ay 
@ 全 | (ell) tatin 08) 

OG =U (eth) tatio 0} 

ISUATEIO | Precursor request! i Uke RG 
Pea 
t 他 

Qi 
a 

Lalo Posicursorremeie setiing {2 ; ik RAW 

18 
8 a 
oe feed ratio O23. 
LY 3 {eC} ratio 2. 13) 

Papas Peo-cursor tomore acting | OF Wy 
fl Aewore. 

10 - Remote eg 
ft Remewe eg cel 
00 Renae sg cml = 

LAisag Past-carsor Ideal setting 432 Re 
PY) 
ree 
Yo) ARO 
189 ral 
Bit be 3 } Han j 

: gy } ratio ~0. 0 
a }ratio-0,05) 

be u atio Oj 

LSEGLO | Precursor kieal sewing a RW 
aa poe ES ralie EES 
16 Jane + 
oy a rate 8. eH 
Ba       

eR Woe Read Write, RO = Read only 

  

‘Bi showld be sera, 

AUT-n receiver in the iranemit direction 16 not pres 

Gopyight © 2017 HEE. All rights reserved: 
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AS.24, VIGE2 Post-cursor request (1,676.14:12) 

           
MA Re a fee's is equal ixs 1, “this. ue ale iadioates the ratio of fhe post-cit usar vooffinionl ol), which is 
requested for the ransminter equalization j in ie SUGA Ulin, J00GAUL 2, 200GAUT1, or 400GAU-n chip- 
teechip lane 0 transmitter In. dhe transmit direction. 

  

45.2.4. 11683 Pre-cursor request (1. 816.47518) 

  

W wee Aub ania is Sey ind; “this value indicates the t tio of the p pre-nusor coefficient et “T}, whink ts 
requested for the inmsmitier equalization in die SUOGA Ln TOOGAUT 2. 200GAUI 1, or 4N0G A Un chip-   

urchip lane 0 transmitior in the trausmil direction, 

The value of these bits sets the variable Remote eg cl forthe fans 和 S0G ADE, (DOG ALL? 2OUGAU En, 
or 400GAUT) receiver in the tranemit direction isco | 2 and <p This is assed by. a 
SOGAUEn, LOGO AUL?, QOUGAUH-n, of 400GA Ubi recenver that ‘Boplements {he optional transmitter 
eas ization 村 ee 下 Ri Aton of the ne of ihe ® post-cur sor ‘Copticient of yy being wap} in lane i of 

  

         

  

  

  

atid | i o “tt may be used t to gotiorate ay for the request flag a and the “yequest bits i a fane 0 
S0GAL 1D6G: AULS, 200GALT-n, or (G00 ALT 1 receiver in the ranamit direction is nat-present i the 
package, then these bite have ne effect. 

  

  

45.2.7 41685 Pre-cursor remote setting (1.616.8:5) 

The value of these bite sets. the variable Aemote eg onif for the Jane. 0 2 ELRQGARSL2 

f00GAT Tn, of 40GAD Tat socelver in 让 ep direction (oe and This is-used 
bya SOGAUI JOOGAUL?  200GAU Ln, ar rAQOGAUT ~n receiver that lmplemenis the optional traneniticr 
squalization fecdback as an indication of the ratio of the pre-carsor cocfficient c(-1) beme used in lane 0 ot 
fie SOGAULR. 1GRGALT-3 2OOGATL Hy, ar 4000 AULn transmitter in the transmit direction: (see 

and . Homay be wed in generate values Ke the request fag amd. the request bis. [fa hate 0 
SOG AL Top 1006 ORAL or 4QUGAD Tn recetver in the transmit direction is net present in the 

packaze, then these bits have ao effect, 

  

         
  

   
    

  

  

  

45.2.1. 1168.6 Post-cursor local setting (1.516.4:2} 

The value of these bits sets the variable Local eq ci for the net) SOGAL Het DOG SUL? OOOO AL Tay or 

400GAU Ts wansinitter in dhe tranamin direction (sea! 3 and PERS) which controls the weight 

ofthe transite equalization postoursor cOnciciont ot), alancus Ga DRGAO FOGGALTEn, 
or 400G;ALTEn transmitter in the gransmit direction is not present in the packsee, then these bits have no 

affect. 

         

  

    

    

45.2.4 11887 Precursor local setting (7.516.116) 

  Tes value af these bits setsthe variable Local ey cal for the tane G SOG AUT TGSGAUL? 2O0GAT Rig, 

S00GALTEn transnditer in the wansmit direction isee P38 ome controls the 

wet of the ES 0 EN SR 人 et ip GALE aa 
   

  

  

hav Cito cifect, 

Copyright @ 2017 IRES, All rights reserved. 
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4§.2.4, 116g SOGAULN JO0GAUL2. 200GAULNn, and 400GAULN chip-to-chip transmitter 
aqyualization, transmit direction, lane 4 through lane 15 registers (Registers 1.517 through 
1.639} 

The SA JOOGADTIA2 260GATT ac and JOGGA UG chip-iechip transmitter equalization, wana 

direction, DT through lane 1S rogisters are detined similarly to register Lio Gwhich is used for laneQ, 

中 RECENT direcuen, is the 

ey that sends dats lowards the PMR. 

  

  

  
HS 

RS 

45.2.4. 716h PMA precoder control down Tx (Register 1.600) 

The assignment of bite in the PALA precoder control down Tx rogister is shown in Table 45—Uad 

Table 45-90ad-—PMA precoder contro! down Tx register bit definitions 

  

  

  

   

    

  

  

  

  

Bits) Name ‘Treseript on PRAY 

LGULISS | Reserved Value always 8 | EO 

F P6003 Lane 3 dows iansnyiter T= Lanes dinn Ts precaderenibhal, RAY 
precoder enable G= Lane 3 down Tx precester disabled 

F 4,600.2 bam 2 down iransmitter P= Lane 2 down Ta preaeder enabled RW 
preceder enable Q= Lane ke 3 dew Tx precoder disabled 

bead Lane d down ksmspittsr doe Lane . down { RW 
precoder enable O= Lane Pade Tx precoder bed 

160.0 Lane 0 down dransmiitter T= Lane Q dows Tx precoder enabled ta 
precader enable Os Lane Hf down Is precoder disuhtad.             

ARAW = Read Wie RO = Read only 

45.2.1.116h.1 PMA precoder down Tx enable lane 3 4.800.3} 

This bit enables the lgne 3 daws. ‘Tx precoder, 

45.2.1.116h.2 PMA precoder down Tx enable lane 2 (1.800.2} 

This bil enables the kine 2 dewn. Tx precoder, 

45.3.4. 7476h.3 PMA precoder down Tx enable lane SG 

This bul cpables the lanc 1 dewn- Tx precoder, 

45.2.4.416h.4 PMA precoder down Tx enable lane 0 (1.800.0) 

This bY enables the lane 0. dewn Tx precoder. 

45.2.7. 116) PMA precoder control down Rx (Register 1.604} 

The assignment af bits in. the precoder cantrol sown Px register is shown In Table 44--20ae. 
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i Table 46-hae--PMA precoder control down Rx register bit- definitions 

  

  

  

Bits} Name Desorigtion 
  

Fy SIS Reserved Value always 0 
  

本 和 和 Lane 3 down-veceiver 

fer onable       
eros 

preccebey erptde 

    

  

ecw Lane i down receiver 
precoder enable. 

i= Lane e.} down Re precoder cnabled 
O* Lane l downels preonder disabled 

  

  

1601.0       t= Lane 0 down Hs precader enabled 

  

      

ayy? 
Cs 

  

Real! 

  

45.2.1. 41614 PMA precoder dawn Rx enable lane 3 (1.604.3} 

This ba coables the dane Jdown Rx precoder. 

45.2.4-7161..2 PMA precoder down Rx enable lane 2 (7.60%.2)} 

This bit enables dic lank 2. dawa Ry preender. 

45,2.4.1181,5 PMA precoder down Rx enable lane 1 4.60401} 

Thus ba enables the lune T dawn Rix precoder. 

45.2.1.1161.4 PMA precoder down Rx enable lane 0 (1.801.0) 

This bi enables the dane 0 dawn Row precoder. 

45.34.1178] PMA precader control up Tx (Register 1.602) 

The asdigmment af bie in fhe precoder control up Ts register fs shiowai in. Table 45-9? 

Table 45-Sdaf-—-PAIA precoder control up Tx register bit definitions 

  

Descripien Re’ 
  

  

   
ers PRD 
  

16021 Lane Pup teanernitier 
precoder onside 

  

ts ELsne ) up Ts precoder enabled 
O= Lane Dig Ts geeccdey disabhal 

RW 
  

Een.   Lane OH ER 
MED enable     i= Lane d up Tx precoder enabled 

Q= Lane dup Ts BED dinabled   RW     

AW = Read Wiis, ROG Read onby 
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45.2.4. 416).1 PMA precoder up Tx enable lane 1 (1.602.1} 

Thi bit enalsiss the lane | up Ts. precoder: 

4&S.2.7,116,.2 PMA precoder up Tx enabie lane 011.602:0) 

‘This bit enables the atic GQ: up Ta. precoder. 

45.2.4. 716k PMA precoder control up Rx (Register 1.603) 

The assieunint of bits in the preeader contra! uy Ra aceister ts show in Table 45-90a¢, 

  

  

  

  

BEG) Sanne: Description LRA 

F PAULESD fb Reserved vaine abwaye 0 PRO 

和 二 Lane d up receiver precoder d= Tancd up Re precuder enabled r RW 
enable Q-= Lane dap Rx precader disabled 

3.6030 Laned hap recebver frecader t= Lane di up Ex preeader enabled PR 
enable B= Lane § up Rx precoder disabled             

SRW = Read Wits RO = Read only 

45.344 716.41 PMA precoder up Rx enable lane 二 .RS 

This bil enables the lane T pp Ra precoder. 

4$.2.1.418k.2 PMA precoder up Rx enable lane 0 (1.803.0) 

This BR enables the line O-up Ra precoder. 

45.2.7 176] PMA precoder request status (Register 1.604) 

The assignment of bis in the precoder request status register is shown in Table 43-90gh, ne 
& 

Table 45-0ah—PMA precoder request statis register bit definitions 

  

  

  

  

  

Bis Name Detcription | RA 

| LOSS Value sbeays 6 RD 

| 1.AOd EEC request: statue f is snc] precodne requested PPO 
the Lane 7 precoding not requested. 

和 precdderc request stains 6 b= Bane. 0 precoding reqaasied | AG 
Q= Lane 0 precoding not requesied             

ARAN = Read Witte, Rd Road only 
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AS.2.4 776141 PMA precoder request status lane 1 (7.60434) 

This bit indlontos te dane d precader request stan. 

45.2.7, 716.2 PMA precoder request status lane 0 (1.604.0) 

‘This bit indivates the lane 0 precader request staagis. 

45.2.7. 116m PMA precoder request dawn (Register 1.605} 

‘The assiennient of bits in the procader request down register is shawn dn Table 45-904). 

HEEE: Ort PBOS SEE 2 

rd February 2037 

  

  

re 
  

  

Q-= Lane | precoder down nat requested 

F PAUSES fb Reserved Vase abways 0 PRO 

和 precoder reqaesl diver | i= lane T precoder down requested Rw 

  

3.6080     peecdiior redment chown, tf i Esne 8 pmeader down rejected 
= Lane ) precedes down wot regaesiod     RA     

SRAW == Read Waite, RO = Read only 

45.204 4160.1 PMA precoder request down lane 1 (1.608.7} 

This bit enables the request af precoding in the dowi direction for lane 1. 

45.3.1. 716m.2 PMA precoder request down lane 0 (7.608.0} 

This bR cnables the regaest af precoding in the down direction for lane 0. 

4$5.2.1 176n PMA precoder request up (Register 1.606) 

The aggieiment af DHS in the precoder request up register ds sheawn in Table 4$90a), 

Table 46-90a}-—PMA precader request up register bit definitions 

  

Bile) Namie Description Rae 
  

F L606 092 itt, Value siways 6 

  

RO 
  

60m precusy reqnest: apf t= Lane L precoder up requosied 
3 

O-= Lane 7 precoder. ap ant requissted 

pow 

  

和     precoder reqaest-up 6 bs Dane 0 precoder ug regprested 

Q= Lane 0 precoder ip not requested   RY       

aRAY = Read Witte, Se Road only 
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4§.2.1.7160.1 PMA precoder request up lane 7 (4.806.4} 

This iit enables the request of precadiing ia the up direction for lane). 

4§.2.7.776n.2 PMA precoder request up lane-0 (1,606.0) 

‘This bit enables the request of preceding iy fhe ap disatuon for lane & 

fasertdh.2. 4 i8eafter 44.2. 1118 az follows: 

4.1920 through 4.1423) 

The BASE-R FAMS PMD training LP control registers, lanes through 3, reflect the conten of tie frst 1 
bit word of the training thanie most recently received fram the control channel for each Jane. Lane ( maps to 

register 1.1220, lane 1 miaps to register 1.1721, lane 2 aups te register 1.1123, and lane 3 maps to register 
让 全。 

  

Fable 46-90ak—BASE-R PANS PMB training LP control register bit definitions 

  

  

Bits} Suan Description 
  

PTS 4h Reseeved Vahtaboays RO 
  

LH20ha 2 Taitial cenddion request S32 RW 
下 

  

g 

  

REPAD.EE HE & Reserved Value always 0 RY: 
  

  

ER de aad preceding. | 8) 8 Pay 
maguest i od oy. = BAM with precoding 

} 8 = PAM 

OP = Reserond 
Qi = PAM 
  

  
EYPROGS | Reserved Vidas bstye RO 

这 Cocbiciot sphect RW 

       Linone elent request eee { 7 SNe eqialization 
{  @ .= Decrement 

Q@ | -Teerement 
oe 9 = Hold             

FRAY = Read Write, RO = Read onty 

Norinally the bies in this register are read ony, however, when trating is disabled the togisters beennte 
weritouble. 
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Fissert dS L1G afters 25.2. 0119 as follows: 

45,.2.1:119a BASE-R PAM4 PND training LP status registers, lanes 0 through 3 (Register 
41,1220 through 1.4223) 

HEEE: Ort PBOS SEE 2 

ard February 2037 

The BASE-R PAM4 PMD training LP atatis registers, lanes (through 3, reflect the contenia af the second 

  

toa tegister 1 F220, lane | mapete register 1122) lane 2 mans to reeteter 11222 and lane 3 maps te register 

EEE23. 

The assignment of bits in the BASE-R Py 

  

4 PMD trainitie PS rowisters is shawn itt Table So 

  

Same 

    

  

  

| Receivecieady 
# ta 

Os Request for tang to GE 

i= Peaiiing is complote add the remelver ie ready 

  

TAREE I2 Reserved Value always Q RO 
  

PAR TEG | Meulation aad precediag 
i sists   

if f@ 

Poof = BAMA wii precoding 
Pog. = RAMs 
Q p= Reserved 
2 -@ =PAM2 

RO 

  

tie 9 b Becener franc hack par 
Qe Fr 

pam boundaries identified 
aap hormadariod not ye: 

    

nied. 
  

i Endial condition dats 

  

1 Parity 
  

  

  

  

Ligon     Coelhichont siatus       js 

人 
= Updated 

= Nat updated 

  

   

tent nul simporied       

AROW = Reads Write RO = Read only 
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Fissert dS.2.L20e after S211 28 as follows: 

45,.2.1.120a BASE-R PAM PMD training LD control registers, lanes 0 through 3 (Register 
41,4326 through 4.7323) 

The BASE-R PAM PMD taining LD control regisiers, lanes O through 3, reflect the contents of the first 
To-bit word af the outgoing training fare fie sack lan i Lane G maps to rogister 11520, lane | nips te 

register LISD1, lane 2 mapete register T1322 and fine 3 maps to reatater 11323. 

   

     

  

    

The asstemmentofbis inthe: BASE-R PAM4 PMD mining LF control resisters 4 shown in Table 43-90am:, 

Table 45-S0enr--BASE-R PAM4 PMD training LD control register DY definitions 

  

  

  

Bi Rane Reseription ry 

LERQISAL | Reserved | Valuc always 0 RO 

TASMIRITS | foitial condition request 下 Rw 

: } = Presets t 
}. = Preset? 

ge Jf = = Pres sett 
0 © sIndividnal opelficiont contral 
  

  
LISKESO | Reserved Yahie abvays RG 

LAOS Modulation anipreeding | 9° 8 BW 
request i ¥ J = PAMS wath precoding 

Q = PAM 
GD = Reserved 
@ 2 = PAM 
  

 Resorved Value ala         

  

a 3 2 RW 
Poof BR Sef) 
Polo ot seh 
2 8 8 seh 
O-- 0. 7 eG} 

Lis? a : Chafficient riqqnest 3 RW t 

boo) = Me equalization 
b. 0 Decrement 
他 se fndeement 

G 2 = ol             

ARAW = Read/Write REF = Read onby 
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Fissert dS.2 Lidia after 322421 as follows: 

45.2.1 1218 BASE-R PAMA PMD training LD status registers, lanes 0 through 3 (Register 
1.4420 through 1.7423) 

The BASE-R PAM4 FMD taining LD sigtus registers, lance 0 through 3. reflect the contents of the second 
1é-tit word af the oitgoing training frarue far cack lane, Lane G maps to ro 
register L141, lane 2 mapete register 1.1422) and lune 3 maps to reatster 1.1423. 

  

           

The assignment of bite in the BASE-R PA M4 PMD training LD siutus rogisters ts shown in Table 44-90ean. 

Fable 45-90an-—-BASE-R PAMA PMD training LD status register bit definitions 

Bitis} Rane Deseription Rye 

  

  

ELS Receiver ready ining is complete and the receiver is ready Rea 

  

  

Lite. 

  

  

LIS ELHG | Maddulation and precoding. Wo RQ 

  

   

   

  

L. status Po} AMS with precoding 
; 1 3 PAM 

G. | = Beseyved 

Frame boumlanes ulentitied RO 
   

PAB gD ) Bscenver frame dock pss 

G= Frame boundarigs nalidentifiel 
  

主人 RS | Tnabal condition status P= Updated. RQ 
= Not updated 

Barty ES parity by RO 

      

  

L. P4806 ' Reserved Value always 0 Res 
  

PAGS b Conlfetent slant echa a 4 BO 
a 

  

LIE | Coefficient saws BT 8 RO 

in lit 
“aut supparted 

3 ¥ 
O..Q  G = Motondaied             

  

“RW is Bead Witte, RO = Read only 
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45.2.1,924 PRES pattern testing contral (Register 7.1504} 

Change the last four seatences af 45.2, 1.124 fay inverted bp TERE Std 802. 389-20 1x) av follows: 

For the SOGBASE-B. PDUGBARE-R BAMA, 2O0GBASE-B, aml JQUGBASE-R PMAs, the assertion of 

register LUSO) bit 13 persics in comfunction with feaister 1.740] bas Sand 1H neither bi Is asserted, then 
register £2501 bit 13 has no effect, Also for die AOGBASE-R, MIOGBASE-R PAMS 2G0GBASE-R. end 
SNOGBASE-R PM As. the assertion of register 1,150] bit 14 operates mm conjunction with register PISG1 bit 

3.1F DU.L S013 is mat asserind, then regisier 11501 bit 14 has no efieet For athar PMASPME) types meister 
LISO) bits PA and 14 have no effect, 

  

  

  

46.2.9 PGS registers 

45.2.3.4 PCS cantrol 4 register (Register 3.) 

Change the pow: for ints 3.0522 in Table 45-220 (ax modified by JERE Sut 802 386-2076) as follows 

(anchanged rows nol shane: 

Table 46-720-—Pcs cantrat 1 register bit definitions 

  

Bilis} Nannie Description Re 
  

  

Baba ; Speod scleeticn, 

‘e
ar
 

2
 

ct 
DD
 

ent
 

i 
nee

 
LEN

 
eee

 
BE
 

BG
 

， 
“ 

” 

    Zoe
y Le
 

S
e
 

10d. 
Sp 

rat
e 
h
e
 

SQRASEATL a. ea
t 

=
 

ae
 

CE
C 

se
es
,               

"RO Read only, RAW = Read/Write, SC'ss Seli-clenring 
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A§.2.3.2 PCS status 1 register (Register 3.4) 

45.2.3.2.7 PCS receive link status (3.1.2) 

Change the thind sentence of 85.23.27 (as modified by IEEE Std 802. 3by-2016. TEER Sid 802 3bg-3014 
and IEEE Std 302. 2bs-20 1x) ax fallows: 

When a 102540505 00200 400GBASE-R LOGBASE-W or any MuliGiBASE-T mode of operation is 

selonted for the PCS. asing the PCS type selectina fiekd (3.7.2.0), kis bitds.a latching low version of bit 
oe ee Bee 

45.2.3.4 PCS speed ability (Register 3.4) 

Change the pow for 2.4.3 in fable 5-022 (as Inserted dp HEEE Shi 802. 380-2076) as follows funchanged 
rows not show}: 

Table 45-122-—PCS speed ability register bit definitions 

  

Bitish Namie: Description RAW 
  

  

    

    

Lt
 

Be.
 

ts
 

|
 

Le
 

e
e
s
 

oe
 

rn
 

we
 

g
 

wx
 om
 

a
 

人
 RG 

  Sis capable of operating at SO Obes 
Snel capable of operating at 50 

      

  
ys               

fasert $5. 2.54.46 after 33.25.45 (as inserted by HERE Sad 802. 389-2078) as follow: 

45.2.3.4.88 506 capable {3.4.5} 

When read as 2 one, Bite3 44 Indioaies thatthe RCS is able te operate ata dala rai of Sy Gbys. When read as 

szerg, bit 35 indicates thai the PCS is nol able to opersic ala data tate of 30 Gb. 
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This ds an unaperoved IEEE Standards draft, subject lo ctange. 

~
 

at
 

Ba
e 

RE
 

Be
k 

tar
e 

9g 
40

Marvell Semiconductor, Inc. - Ex. 1002, Page 000130



IEEE Draft PRO? Sodi01.2Z 
3rd Fabrary 2017 

Draft Amendment to EEE SH 802 S-2038 
{EEE PRO? Sed Task Force 

45.2.3.6 PCS control 2 register (Register 3.7} 

B02 3bz 201 6 aed IEEE Ste 802, Sho: 201 xb ae - fitows 

Table 45-125-—PCS control 2 register bit definitions 

  

  

  

  

      

Bitis} Namie Description RA" 

ahi asd Reaaved Was aly RO 

730 PCs type selection a RAY 
xX preserved 

] = Select UGG BASE R- PCS type 
Qo= Seleet 20GB. SE-R BG 
{ PPS typ 

   

   

  

  

人 
i 

L
G
.
 

et
 
t
t
t
.
 

tt
 

ek
 

ne
t 

in
et
 
a
 

Ee
e 

Pe
 

{ = Select HOGRASE-R 
= Seleed AIGBASE-R 

j et 
   

   
       

  

Jeet FOGHS 
Select HO02 PPS tep 

# Redect WORBASE-X PCS type 
= Select HOBASE-R POS pepe 

— 

和
 P
a 

  

S
e
 
a
 
t
s
 

Mee
t 

ee
 

ae
 
Oe
 

po
te

 
oth

e 

poo
cl 

ine
s 

coe
) 

oe
, 

et
e 

om
 

oe
 mae
       

“RO = Bead oniy, B/W Bead! Winte 

45,2.3.7 PCS status 2 register (Register 3.8} 

JTable 45-124 PCS status 3 register bit definkions 

Change row for 28.8 in Tadle J3~—l2de fax madified by LEER Std 602, 3hg-301@) ax follows Ganchanged 
POW Nol SAORI, 
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Pesernt dhl d h3ak after d3.a3. Jdae tas taseried by TELE Sid 862 269-2016) a follawe: 

45.2.3.7 ab S0GBASE-R capable (3.8.8) 

When read as aoe, bi SS. 8 indicates thatthe PCS is able to support ihe SOGBASE-R PCS type, When read 
ag a vera, DIC 3.8.8 Indicates that the PCS js not able to support the SOGBASE-R PCS type. 

46.2.3.8 EEE control and capability 1 (Register 3.20) 

Change the reserved row for 3.20, 15:14 ia Table 43-1235 as follows tunchanged rows sol shawn): 

Table 46-125-—-EEE control and capability 4 register bit definitions 

  

Birisy Name Descripiien ae 
  

MEISE | Reserved Value always t RO 
  

                

  

fusert d5.24. 28 before $3.2.3.9. fas follows: 

4§.2.3.8.a SOGBASE-R EEE fast wake supported (3.20.14) 

ifthe ACA supports REE fuel wake operation for SGGRASE-R this bitshall be set-to a ones othervdee this bit 

shall be set ta. a zero. 

45.2.3.13 BASE-RK and MultiGBASE-T PCS status 1 register (Register 3.32) 

4$.2.3.13.41 BASE-K and MulfGBASE-T receive fink status (3.32.12) 

Change the last sentence of 43.2.3. 137 fas modified by HERE Sid 802.3hy-2016, TELER Std 802. 3bq-2076, 
IEEE Sid 802. 382-2016, and IEEE Std 802. 3b3-2018) as follows: 

     

  

   

This bit is a velloction af the POS. statis v ranab He defined iD HOSGBARE-R, ip fl for 
a, SGBASE- Tand SGBASE-T in, ; sE~T, 4 or 2SGBASE-T and 40GBASE-T, 
N23.) for JO 80) L0OGRARE-R, and 3 for “2904000 BASE: R. 
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4$.2.3.13.4 BASE-K and MultiGBASE-T PCS high BER (3.32.4) 

This bi 
“8 
     

45.2.3.13.5 BASE-R and Mulfi@BASE-T PCS block lock (3.32.0) 

Change third sentence of 45.2.3.23.5 fas modified by LEEE Std 802.3by-2016 and LEBE Sul 802.3cb- 
S0Ix} a8 follows: 

‘Hine bit is a diecet reflection of the state of the black lock warlable in the 64B/G8B. state digeram and is 
defined in 82 HLOMSGBASE-R and in S fer 40/505 GOGBASE-R. 

    

    

45.2:3:14 BASE-R and MuGBASE-T PCS status 2 register (Register 3.33) 

45.23.1441 Lathed block lock (3.33.15) 

Change #5.2. 3.14.7 (as modified by IEEE Std 807 3bg-2070 and 12 EF Sid 802 3cbh-Nix) as follows: 

Wher read as a one, bir 233.15 indicates that the SLOSS 40SG/ UGRASE-R or a member of the 

NaddGRASE-T set POS has achieved RS lock: When read as /a-xero, it 3.38.15 indicates that the SB 

23403054 DOGBASE-R or a member of the MathGRASE-T set PCS has fost block lock. 

The taiched block lock bit shall be daplemented with latching low hebawor, 

This bits a latching low version of the S/LU2S 40/30 OOGBASE-R and MuliGBASE-T PCS block lock 
status be (3.42.05, 

4§.2.3.14.2 Latched high BER (3.33.14) 

   
      

ve, DIL 3.93.14 indicates that tie 3/40! 
& his not detected a high BER. 

The Jaiched high BER bit shall be implemented with latching hich behavior, 

This bis ateiching high version of the 4/1/25 MONO TONGBASE-R aid MidiGBASE-T PCS high BER 

stabs bit 032.0) 
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AS23443 BERG.3133) 

Change first sentence of $5.23. 14.3 tas mudified by IEEE Sid 802 3hg-2016, TEER Std 862. Sbhy-3016, and: 

IEEE Std 802 308-20 1s) as follows: 

fh for 4? 

E-T aad in 

    

   
z a!
 

ca
re

 
ee
 as e Pe
 

这 
PE ALG 
ERE 

   

  

_ Bad de “ined by an “ie sont if $5 

¥ and 40GBASE-T. . 
    

  

Ww ZEGBASE- 

4§.2.5.144 Errored blocks (2.33.7:0) 

Change first sentence af 43.24. 14.4 (as modified by IEEE Std 82. 3hq-2016, 1EER Std S12. 3hy-20T6, and 
IEEE Std 802 3cho201x) as follaves: 

      

  

4 “for Sg 25GB BASE- an in 、 
errered bl ack count ip OS.3.8.2 for MNGBASE-T and inf) 

  

for ate ROCA: iw] 

3 fer DSGBASE-T a antl 0G BASET 
     

48.25.17 BASE-K PCS test-patiern control register (Register3.42) 

Change the fifth sentence of 45.2.3.17 (ax madified by LEER Std 802,.28)-2016 and TERE Std 802.3s- 
20%) as follows: 

Scrambled ile test patiomis. ace defined for 23.40/30) LU 200400GBASE-R BOS only 

45.2.7 Auto-Negotiation registers 

Change the reserved row 7.29 thraugh. 7.59 in Table 43-206 as follows Ganckanped rews not shows}: 

Table 45-200-—Auto-Negatiation MMD registers 
  

Revister address Register name Subchause 
  

  

Baber nel. B BASE ms CN status 2        

  

7AGAG through. 3, 58           
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AS27412 Backplane Ethernet, BASE-R copper status (Register 7.48) 

Change the title and text of 48.2 2122 tas modified hy LEBE Std 802.3by-2016 and IEEE Std 802 3eb- 
OPS) as follesoys 

45.2.7,12.2 Negotiated Port Type {7.48.1, 7.48.2, 7.48.3, 7.48.8, 7.48.8, 7.48.8, 7.48.9, 7.48.16, 
7 A841, 7.48.42, 7.48.13, 7.48.14, 7.46.15, 7.49.0, 7.49.1, 7.49.2) 

  

When the AN pricnss has been compisted as bidicated by the AN compiste bit, these bits In register 748 
gud revister 7.49 indicate the negotiated port type. 

dusert (5.2.7i2a after $3.2. 7.12 as fallowy 

45.2.7 128 Backplane Ethemet, BASE-R copper status 2 (Register 7.49) 

The aasignment of bite ihe Backplane Ethemet, BASE-R copper status 2 register is shown in Table 44- 

Sus. 

Tahle 45-208a-—-Backplane Ethernet, BASE-R copper status 2 register (Register 7.49) bit 

  

  

  

definitions 

BiNs) Same Description Ro 

FAQ TES Beserved Volos always RO 

PAGS | S0OGBASE-Kidor i P= PMAIPMD is negatiated to perkam QUO BASE ERG ar PRO 

    

200GBASE-CRS       | 2Q0GHASE-CRA 

  

CR 

TARY P LOGGBASE-RR2 or 7 b= PMAIPMD js negotiated fo perform HOOBASE-E RN ar. | RO 
( ROGRASE-CR’ POOGRASE-CR2 

{UD is dot madianed io perfiom (CB ASE-RE? 
ASECR2 

af OCG 
  

    

  

  

   

  

Ta | BOGBASEE MS PM Dy negotiated to perfor SUGBASE-KE or RO 
SQGBASE-CR SEAS           

  

  

Ya @ Read ualy 

45.2.7 1238.1 Negotiated Port Type 

See dh 27 2: 
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45.5 Protocol implementation conformance statement (PICS) proforma for 
Clause 45, Management Data Input/Output (MDIO} interface’ 

45.5.3 PICS proforma tables for the Management Data input Quiput (MDIO) interface 

46.5.3.5 PMA/PMD management functions 

Insert the fullowing row at ihe end of the table in (unchanged rows aal shawn} 

  

  

fem Fouture Subbchause ValucCommnent Status | Suppert 

vest 

ALT                 

bas Rect PIO NY seed cece a 
Caperigt? release dar PICK paoternnas 

boned for lisintended pire and sag A 
      

  

ate of dus Siandand pee 
et publish the coeagdvied PICS, 
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69. Introduction to Ethernet operation over electrical backplanes 

69.1 Overview 

68.1.4 Scope 

Change the sevond parageuph of 69,17 tas modified by IEEE Std 802. 3By-201x anil 
IEEE Sta 802. 3ch-J0TX) as fatiows: 

Backplane ESG supparts the TERE 502.3 fall daplex MAC operating at HEM} Mis, 2.4 Gbye, 3 Gbe, 
10 Gbys, 28 Give, 40 Ghi's, 86 Ghyg, or 106 Givs prawiding a bit error ratio (HER } better that or equal io 10° 
"2 at the MACIPLS service interface or 200 Gb/s providing » BER. beiter than ot equal to 165% gt the 

MACKPLS service interface. The following Physical Lavers are supported: 

     

  

  

  

Change the list affer the second paragraph af 68.21 as follows (some wumodified Uist items are net 
shown: 

  

oe JIGBASE-ER4 for 40 Gbis aperation aver four lanes 

=~ SOGBASE-KRE for 50 Gb/s operation over ane lane 

~~ {ODOBASE-ER4 and MGB ASE-K Pé4 far 1) bs aperation aver foor kes 

a LIDGBASE-RER? for 100 Gbs operation ayer two lanes   

<- 200GBASE-KR4 for 200 Gb’s operation over four lanes   

69.1.2 Relationship of Backplane Ethemet fo the ISO OS! reference madel 

区 Rage the first paragraph of 69.0.2 (as modified by LELE Sid 802 3hy-201x and 
TEER Sed 802 3ch-20Ex) as follores: 

  

Backplane Ethernet couples the EEEE 802.3 MAC to.a family of Physical Layers defined far operation over 
RE Bi ie Nes. The Tolan among Backplane Ethernet, the TERE 802 3 MAC, amd the iSO 

srooniectian (OSD reforonce model are shown tn Pisa Seda, Fussy O39, 

d Pieure 59-4, 
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EEE Pa 
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Fasert Figure 60~4 after Pisure é-2a fas biserted bp 1EISE Sid 802,.300-261x) as follows: 

  

  

  

        

  

  

              
  
  

  

  

  

  
  

  
                  

    

  

                           
        

oy 
HIGHER LAVERS 

| 5 LLC OR OTHER MAC CLIENT 

ec jf MAC CONTROL(OPTION) 
LAYERS i MAG 

Peer ‘ ， RECONCILIATION 

ET oe 1 7 S0GMI | OSM 一 全 00M) 一 全 

SESSION 1 | SSRASERPCS | | 0GRASERPCS ER POS 

ee “ot FEC FEC 
TRANSPORT if 一 RR PMA SMA . pay 

NETWORK | / PMD PRD PMD | 
DATALINK | AN AN aN | 
PHY SIQAL MOY —e MO 一 一 和 

ee 人 | MEDIUM <> 

SORBASE-KR {QOGRASE-KRE 2OOSRASEKRA 
ZO0GMii = 250 Gh’s MEDIA INDEPENDENT INTERFACE PCS. = PHYSICAL CODING SUBLAYER 
S0GMi = 80 Ghis MEDIA INDEPENDENT INTERFACE PHY = PHYSICAL LAYER DEVICE 
AN = AUTO-NEGOTIATION PMA = PHYSICAL MEDILIM ATTACHMENT 

区 PMD = PHYSICAL MEDIUM DEPENDENT 
MOI = MEDIUM SEPENDENT INT! TERFACE FEC = FORWARD ERROR CORRECTION 
LLO = LOGICAL LINK CONTROL 

Figure 69—4-—~Architectural positioning of 50 Gbhis, 100 Gbhis, and 208 Gbhis PAMA 

Backplane Ethernet 

  

Change the lettered Ist after Figure 9-2 (as madified by TERE Std 802. 3by-201s and 

TEER Sid 802. 3e6-20IN) as follows ome nachenged rows wot show}: 

Hh The PMA. service interface, which, when. physically taplemented as 2 

Attaching er Lait interface; Lor as ARAL Et aoa tia gne-lane   

  

  

  

二 对 sy eatad as XLAUT 40 Gb : 
Unit fnterdace),-ae BS °C AU (190 Gis font ane Sa ftachimenk Link Interface) or 8S 2 

(200 Gb/s four-lane Atachie er 

lane dala pathas specified In Any 
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iy The PMA service interface, which: whon plyseally Imielkamented ag 2O0OGAULS 12 Glos RESHE 

fone. Attachment Unit Interfice) at an obserwible infercosmection port yses un siehi-lane data path 
as. specified ins 

和 The PMA service interface, which, when physically implemented as CAUL16 (160 GRASS torlane 

Atlachment Unit Inter fuer) al an observable interconnection pur -ades a ten-lane data paths as speci- 

  

      

  

   
    

    

   
      

  

  

fied in 

ky ‘Fhe MDBis for T000BA B-BAX, 3. Se 

25UBAS RR-S 号 、 and AQGBAS : KR use # ser eral data pat + sable se MDI RE 

有， MDI for 1008 ASE KR SN ci wane data path, 

ne dhe MIDIS A 10 . ASE: a —OGBASE Ba JGQGBASE-RRA, TOGSBASE-NRPS and 

  

  

     

6898.2 Summary of Backplane Ethernet Sublayers 

68.2.7 Reconciliation sublayer and media independent interfaces 

Change 69.2.1 (ax modified by IREE Std 802. 4by-2018) as follows: 

   
= RS and GML, the 

$1 RS XLOME, and COME he Clauss nd Al 
are einploy ed for the same purpose in Backplane Ethernet, that being the inferconn: 

sablayer and the PHY, 

   

  

    

& BS and SAGMH -and the 

sii RS aad SHO0GMET 

ection bewween the MAC 
  

60.2.2 Physical Layer signaling systems 

dusert the following sew paragraph afier ihe fourth paragraph in 68.2.9 (as inserted by 
FEEE Std 802 3cb-30Le): 

Backplane Ethernet alsa speciiigy SQGBASE-KR, MWIGBASE-AR2, amd SQGBASE-KRRA, The 
SUGBASE-ER embodiment employs the PCS defined in Clause 133, the RS-PEC defined in Clause 134. the 
PMA defined in Clause 134, and the PMD defined in Chiuse 137, and specifies 80 Gbis aperation asing 
jevel PAM over one diNerential nade in cach direction. The LOMIBASE-KR? enbordiment employs the PCS 
defined: in Clause 82, the RS-FPEC defined In Clanse U1, the PMA. defined in Clause 154, and the PMD 
defined in Clause 137. and specifies 10D b/s operation sing 4-level PAM over TPR 让 ET paths 未 
each direction. The 200GBASE-KR4 embodiment employs the PCS defined in ¢ , the PMA 
defined in C sand the PMD defined tn Clause (37, and specifies 200 Gb/s aperation using 4-fevel 
PAM over foor differential paths in-cach direction. 

      

    

Change the last paragraph in 69.2.3 (as madified by SEER Sal 802. 3hp-D01x and LEER Std 802. 300-20 18) 
as Fallows: 

  

és iad Fable 69-26, Table 69-20. and: Table 69-20 
specifiy the correlation. nbs {ween nomenclature and clauses. A com plete implementation conforming te one of 

more nomenclatures meets the requirements af the corresponding clauses. 
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Freert Table 0-28, Table 69-2c, and Table G8-2d after Table 69-20 tac inserted by 

FEEE Std 802. 3eb-20 D2 

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

  

  

  

            

Clase 

w8 132 SS 134 i38f TERA] FESR L PAA | day 

Ra & 过 = 可 - Be 
Be = ee 7 a s x 
s 党 me a ol we 
ae = ial ra) 3 os 3 ~ a we ay Be = = be = “a ~< <i S = = < 

本 a 这 es rs) 5 ~ *% oa 
Ss * | & ei: S 去 = S = 

区 Aa i Oo o} a                 

    

Talis §2~2c-—-Namenclature and clause correlation for 100 Gbis two-lane Backplane Ethernet 
Physical Layers 

  

  

  

Clause® 

78 AY & S3 S34 SAR a 1S 1358 | 1SSD $437 

a = 
i = 

“Nomenclature ) = ce = 让 外 a 
= = ~ 5 we Re me 8 3 Fie SS gi xia So Ge 
aS ie i) et bed i 党 es 过 

Seal tT 2 : fod ~ “ 
= ss Bi 这 oe x & os 2 着 
Py eM os. = pant ad at pike) head re 
Net “nae! pwd a ww a het Nee! “nae! 

we & = = et 人 & 2 = = = a = = S ef ee Ss =~ = = a 
= ex aad Set Set bead aad bene! Seal cd 

  

  

‘h
ae

 

iw aoe
 ~ e

e
 

Ne
t ~ ‘n
se

 

=
 en
e a > a wh
e,

 
ne
tt
, 

o
e
 党                               
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Table 69-2d—Noamenciature and clause correfation for 200 Gins Backplane Ethemet 
Physical Layers 

  

  

  

  

Clause 

7 333 TES INL YRS | S3ee [ESF 

= 
i. i ae = oineniahure x = we S = 

% ss G we x 
int ie % + we 

ie a e oa = 2) 
= ae <= oo) vey x 

a = o£ #seF: Eig =: 
ss ¥ = = 4 = = & 
= a Bs) re eS os ms = 

ty M oO ; G 这 M                           
8O-= Diptional M = Mandstory, 

69.3 Delay constraints 

dusert ihe following paraeraph afier the fourth paragraph of 6832 

Por SGOBRASE-KR normative delay specifications may be ER at P3214, P3395, 35.4.4, and 137-5, and 

also. referenced in iS] 4. 

invert the following paragraphs after tie sixth paragraph ef 89.3: 

§, 1348.44, and 157.4, and 

  

For 1OGOQBASE-RR2. normative delay specifications may be found be S14, 
alag referenced in 804, 

    

For 200GBASE-RRA normative delay specifications may be found in i 
and aise referenced in 115.4. 

69.5 Protocal implementation canformance statement (PICS) proforma 

Change the first paragraph of 69.3 (as modified by TELE Std 863 

as follaws: 

  

   
   

  

The ¢ 

  

  

by completing a pratocal iriplémeniation confornatice staremient (Pics 5) proforma, 
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73. Auto-Negotiation for backplane and copper cable assembly 

73.2 Relationship to the ISOAEC Open Systems Interconnection (OS) reference 
model 

Replace Figure 73-1 (as modified by LEEE: Sid 802.3by-2018 and IEEE Sid 803 3cb-S0IN} with the 

following: 

  

  

  
  

        
    

        

  
    

    

ost . 
REFERENCE ETHERNET 

MODEL LAYERS 
LAYERS 

HIGHER LAVERS 
APPLICATION LEE (COGICAL TINK CONTROL) 
a ; OR OTHER MAC CLIENT 

PRESENTATION ”~ mn 
7 | MAC~MEDIA ACCESS CONTRAL 

SESSION Pe | RECONCILIATION | 
THANSPORT ‘ 

NETWORK 

DATA LINK 

PHYSICAL, 
            

  

1 Go's. 2.5 Gove S Gbis, 1 Gis, 25 Ghle. 40 Sy BO Gols 100 Give. or Qik} Gbis 

200GMIE = 200 Gh’s MEDIA INDEPENDENT INTERFACE MDI = MEDIUM DEPENDENT INTERFACE 

28GMIl = GIGABIT MEDNA INDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER 
SOGMib= 50 Gb/s MEDIA INDEPENDENT INTERFACE PHY = PHYSICAL LAYER DEVICE 

AN=  AUTO-NE GO TATION PMA = PHYSICAL MEDIUM ATTACHMENT 
CGM = 100 Gbis MEDIA INDEPENDENT INTERFACE PMOs PHYSICAL MEDIUM DEPENDENT 
GM = GIGABIT MEDIA INDEPENDENT INTERFACE. MOM = 10 GIGABIT MEDIA INDEPENDENT INTERFACE 

MO! = MEDIUM OEPENDENT INTERFACE ALGMID= 40 Gb/s MEDIA INDEPENDENT INTERFACE 

Figure 73~1—Location of Auto-Neqgotiation function within the ISQHEC OS! 
reference model 

73.3 Functional specifications 

Chenge the third paragraph af 73.3 (as modified by LEER Sid 803 3hy-2016 and LEEE Sid 802 3eb-20 09) 

as follows: 

These functions shall comply with fie state diggnims- fram © \-: eT l. Me 
Auie-Neeatiation. fictions shall interact, with the technol sex -dependent HY & the ough the 

Technology. “Dependent hiterface (see TSS), Technolo ogy-Depende ee t BHYS: are the se supported by the 

  

      

  

papas    
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73.8 OME transmission 

73.54 DME electrical specitications 

Change the second paragraph of 73.5.7 ax follows: 

& transmitters on. other lanes 

人 

REY DME pages S 

should be disabled a8 specified in. 7 
   

  

  

73.6 Link cadeword encoding 

73.6.4 Technology Ability Field 

Change Table 72-4 fas modified by IEEE Sri 802.38)-2016 and IEEE Std 802. 3cb-2018) as follows: 

Table 73-4—Technology Abliily Field encoding 

  

BH Technolngy 

  

       
  

AQ TOQUISABE-K 
TOGRASE-KRS 

{OGBASE-RE 
BOLREASI-KRS 

JOUBASE-CRA 
AS TOGB ASHER YG 

  

  

  

  

  

  

  

  

  

     
Al : {OOGBASE-RRG 
AS HHOGHASE-CRA 
Ag MOBASE-RR-S or FAGRASE-CR-S 

ALG PIBASE-ER oy BOIASECR 

AGL | LSCHIASE-RS 

AlQ SGBASE-KE 

AG SHOBASE-RR or SOORASE-CR 

Als THOGRASE-KR? or HOGER ASE-CRI 

ALS IOGKASE-KRS uy SOUGBASE-CRI 

throng A22 

  

  

  

  

  

  

  

  
  

  
  

  
  

  

Reserved for Adare technology         
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Replace the third paragraph of 73.6.4 with a sate and change the fourth and Afih paragraphs (0s 
ntodified by SEER Sat 802 29-2816 and LEEE Sif 802 3cb-201x) as follows: 

  

   

Fer ae Gh ae s operation hes sue bisa 人- bine 48 iad SS end: ~cepper-cable-casembiy-openitian: 

ie : SGA SEAR, 
AN    

  

   

  

Ce oR 

TE~ Previous editions Gl this standard prohibited advertigemeit of PHY s that sappert deeritinn ower clecivical hack: 

planes with PHYs that support operation over capper cable asseaxnblies, 

SSAGBASE-RRE-S ahilitics are ad gubser of 2SORASE-RR abilities, and Hkewise ZAGBASE-CR-S abilitics are 

a subset of SSGBASE-CE abilines. To allow miteroperation bepween 2SGBASE-RR-S and JSGBASE-KR 

PHY tepes. aad bstweety ZAGBASE-CR-S. and SSG ARE-CR PHY types, a device that sunpotis 

SSGBASE-KRE of ISGBASE-CR should advertise both AS and ALD ability bits donne auto-ncgdtiation: 

  

The fields Af22 10191 are reserved for future ise. Reserved ficlds shall ‘be semi as vero and ignored on 
FCoE. 

73.7 Receive function requirements 

73.7.1 DME page reception 

Change 73.57 (as modified by IEEE Sud 862 269-2016 aad LEBE Sid 802, 3eb-201x) as follows: 

To be able to detect the DME bits, the re ceiver should have the capabl ity fo receive DME Sisnals SR 
the electrical epecificatinns of te PHY ai 
HIGBASE-RR,~ S5GBASE-RR, 35GB: 

    

    

  

   

- SSGbASi-CR_2SGBASH-ChS eGR: SERRE 
108 ER The DME 

  

       

  

iS Shia TOG AS BoA nl 

ng signal level und receive senahtly sity are specified i nA. 

Copyright @ 2017 IRES, All rights reserved. 
This ds an unaperoved IEEE Standards draft, subject lo ctange. 

Sa
y 

e
S

Marvell Semiconductor, Inc. - Ex. 1002, Page 000144



Draft Amendment to (EEE Sit 862.3-2035 ISEE Draft Pade Sodi1.2 
EEE P02 Bcd Task Force Sed February 2017 

73.7.6 Priority Resolution function 

Change Tahle 72-3 fas modified hy IREE Sel 802, 28)-2016 wad TERE Std 802 3cb-201x) as follows: 

Table 73-6-—-Priority Resolution 

  

Privrity ‘Taehnology Capabiliny 
  

  i | ZQUGB AS ECR BS pr SOC BAST-CES. | 3U0 Gis 4 tine. huthest priority 
  

2 | JQOGHASE-KR? of 1NOGRASE 

3+ | HOUBASI-CRS 

a3 | LQOGBASE-KEA 100 Gb 4 lane 

  

   

  
  

     

  

| JQOGRASK-R Pa }00 Gbe 4 lane 
  

{ORY CANS HE leat 
       
  

gs | 40GBASE-CRs 40 Chis 4 lane 
  

26 ) JOTASE-KR4 §30-Gis Fane 
  

jos | ZSGBASE-ER of 2SGRASE-CR PEGs Dene 
  

Hs | DSGRASE-RR-S or SSGBASE-CR.S 1 25 Gbis Plane, short reach 
  

| LOCA     

  

  

  

id | SGBASE-KR 
  

  

          让 和 1 2AGBASE-BS 

igfds P PODORASE.EN: TGs P lune, howest priory 
  

73.10 State diagrams and variable definitions 

73.10.71 State diagram variables 

Insert the following variables in ihe -varialte list by adding JGR, JOHGR, ard 200GR at the appropriate 

place. 

S0GR: presents fhe SNIBASE-KR or SOG BASE-CR PMD. 

EGR ES ihe JOOGBASE-RES or IDGGRASRETCRS PMD. 

SNOGRS: represents the 2UOGBASE-R84 ar ZNOOBASE-CR4 PMD. 
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fern the following enines ta the single Unk ready status at the appropriate place aad reiumbher the 
existing entries: 

9} link. status [SOGRI = OK. 
14) fink stuns [LQGGR2 = OF 
Lajtmk stants (OGRE GK 

73.10.2 State diagram timers 

Change tke tisk fault inhibit fate definition ay follows: 

Nok fal inhibic. cimer 
ER for quahfying a fink stane=FAIL ielication ora link SEEDR indication when a spe- 

‘tnology Hok is fire -betng established. A link willanty be considered “ailed™ ihe link > 

fal imbibit timer has expired and the fak has atill net pone inte the hg statas"OR. state, The 
Hnk fail inhibit, mer shall oxpire within the Hmer vahies given in Table 73-7 $0-ms SS 

afer anlering the AN LENE GOOD CHECK staic—when-s 和 

      

  

   

    

entering the AN-LINK- GOOD CHECK state. 
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Change Table 73-7 fas niedified by TEER Std 802. 3cb-20 1s) as follows: i 
* 

3 
Table 73-7-—Timer minimax value summary 4 

x 

co ' & 
Paramefer Ata be He ind Max Units 村 

tolerance : 
Ps 

aufotieg wall Umer 23 38 ws 全 

ES 3 ie pitas 

chock sleboet amin timer 4s a2 ne 2 

clack detect gras tier 64 a Rs ei 
  

date detect mi timer Le Ret He 1s. 
  

  
dita deteet mse ihrer 14 ge RS 这 

tay 
Re 

NE Binet Bad EOS nS 
  

  

         
ig: 5 i ibe fink ins 5 
  

  

         
  
  

    

  

  

  

        
  

  

  

  

  

  

    

SOO BASE-CR. TQWOGRASE- RR? LS ai 8 
EL Ra SUGGBASE-KRS of 

Sag S40 ss 27 

38 

29   
      

  

  

              a4 

PARE Ost, “pu, thinker | SR 3H He ‘ae 

page wel may finer i 386 S78 aS 
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73.11 Protocol implementation canfarmance statement (PICS) proforma for 
Clause 73, Auto-Negotiation for backplane and copper cable assembly” 

73.13.4 PICS proforma tables for Aufo-Negotiation for backplane and copper cable 

73.14.43 Link codeword encoding 

Change table te delete PICS dem LETS as follows fauchaneed ross not stows): 

  

  

Trem Feature Subclause Value Cananent Stites | Support 

    

              sappenanhle 
  

7a.11.4.7 State diagrams and variable definitions 

Change Takle (as arodified by HEEE Std 802, 3cb-20.D0 as follows (anchanged raves not shown): 

  

  

  

Fem Feature Subchuse Vala Comment Status. i Suppert 

ars lige trl inhilig thener FIA? ‘The wales in Table 73-780G4e. | Mi Vest 

         

  

                

  

六 了 OS roe tee eee a Wo . 4 Det pate Be 了 人 i eh rae al Ree x, ch: Yow. 5 ‘ sr ‘ 

ey rofsasg jor PACS arora: Usees af this staadand may Qeely paproddee the FICR profvenaa in tis subslaase ay that A ean 

RS fordis Intended as and say Rother publish te PICS, 
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Draft Amendment io EEE Sid 862.3-2078 
{EEE POs ted Task Force 

78. Energy-Efficient Ethernet (EEE) 

78.1 Overview 

78.1.4 PHY types optionally supporting EEE 

Change fable 78-T (as medified by TREE Sid 802.3bs-20I) as follows fsame namodifial rows not 
shown: 

IEEE Draft Pad? Sect 1.2 
Sra Fabuery 2047 

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

oH} 

  

PHY or interface type Chruse 
  

  

S6GBASE-ERAP 
  

  

  
    

  

  

SEGRASE-SRE 
  

SOUHLASE- ER? 
  

SHOBASE-TRE 
  

  

CALLA 
  

  

  

  

  

  

TWOBASE-CH4 
  

WOGBASE RI 
      HOGHARE ARG? 
  

  

HOG ASE SH Oe       

  

HOGRARE DRE 
   
  

TOSGBASE-LRa* 

  

  

HNGBRASE-ERG 

  

  

  

  

  

  

          

   AUT shutdown is supported anby wher deep sleag is 

; ated TTY. oe 
ie deep aise aacdds GD REE 18 sot supported doy Uae PHY. 

         Uh oe 
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Dra Amencdmentio ike Std 805.3-2015 
EEE POOR Jad Taek Fore 

78.6 Communication fink access latency 

EEE 有 站 BEST 

Jnsert mew row into Table 78~1 below the row for 4G BASE-KR4 danmodified raws not shows): 

Ts 78~)i—Sumunary of the CPI timing parameters for supported PHY's 
or interfaces 

d February 2037 

  

Pee ghee 
| FEY oringerfsce whey    

Tete shrink rx 
   

q WSUS IN 

  

  

  

Sakis 

type Case fin) imax} Onin) 

. {pS} tua} {HS} 

F SHGBASE-B tat O34. O23 a a O25 
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Draft Amendment to (EEE Sit 862.3-2035 IEEE Draft PaO? Sod 1.Z 
{EEE P8O2 ted Task Force Sid Fabmary 2017 

8&0. introduction to 40 Ghis and 100 Gb/s networks 

$0.4 Overview 

80.1.3 Relationship of 40 Gigabit and 100 Gigabit Ethernet to the 150 OS] reference model 

Change the second parageuph in 80,03 as follows: 

While this specification defines inverfkees ay tetius of bits, acteta, and dames, implimedtations may chaos 

sther data-path widths fer inplementaion convenience. The anby exceptions are as fallows: 

a 

o) 

9 

sf) 

ie 

f 

The ALGMIE aid CGMIL which, when plemented as 8 logical Imerconnection port between the 
MAC sublaver and the Physical Layer (PHY }. uses aG4-ba wide data path as specified ia Clsase 83 

The managenient biterfase, which, when pirvsically inplemeniead as the MDIO/MDC (Mana aement 
Data InpurOuipat and Management Data Clock) at an observable interconnections part, uses a bit 
while data path uc specified in Clause 43, 

The PMA service interface, which, when physically implemented as NL (40 Gbs Attachinent Unit 
Interface} or CADIM and REMAN sf (100 Obs fourslang Adachiment Unt bsterface) alan 
observ ‘able SAETCONN 

A ATS, OF 

‘the PMA service imierface, which, when physically implemented as CAUT-10-(100 Ghis ten-lane 
Attachment, Unit interface) at an obse ryable interconnection. pari, wes os: TQ lene. dita path as 
sagen ms 

    

  

  

    

   
ich, when physically daplementedt as lOGG ALTA? Clg Gbs 

bre a ti (an observable intercantiection port ‘ases a 3-lane data path ay 

specified in Annes LASE ¢ or rAnDeX ISAG, 

The PMD service derface, which, when physically boplemenied as MEPPE 40S Parallel 

Interfice) at an observable interconnection port, uses a4 lane dita path as specified in 

      

  

  

   

   The PMD § service: interfaee, which, when physically implemented as CPP (100 Gh’s: Parallel 
Physical Interface) at-an observable interconnection por, uses a 0 lane data path as specilied in 

    

    

The MDIs as specified in ©) for 40GB ASE-FR and Clause 140 for JOOOBASE-DR. yses a 
single Jane daia path. 

The MDIs : as greens in 8 

  

  

    

  

sad 

SR Aall use a 

   
for OBA 

  

“CRA. and { in & 

  

for aod 40GBASE    100GEAS -ERS, me 

4 fone data path, 
The MDIs as specified RS 

lise a 10 ane data path. 
Ahhongh there is ne electrical or mechanical specification of the MDI ioe backphine Physical uy 

ets, the PMDs as specified i & for 40 BR ASE-RRS, ind : 
ins for UGBASE-ERP4 all use a 4 lane data path. 

The MIN as specified in Clanse 136 for POGBASE-CR2. in Clause U3 for DOGBASE-ER>. and 
in Clause 138 tor [UNGBASE-RRO ull nse s 2-lane date path. 

  

Stor LOQGBASE-SRIO     SS for HOOGBASE-CRIO, spd mCi 
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JERE PSOR Sod Taek Fore ded February 2037 

8.41.4 Nomenclature 

Change Table 80-1 as follows (same unchanged rows net shown}: 

Table 80-1—40 Gbhis and 100 Gbis PHYS 

  

  

RE Bescription 
  

  

AQGBASE-ERA 

  

DOU BASE-BRO     

  
  

PNGOBASE-RRSA 

  

ie up tes a ab af $2: § Gt (see 
  

  

HNOBASE-KPS LOO. Ghe PHY using FOOGRASE-R encoding, Clause OL RS-PEC and 4-lewel pulse 
amplinds modtdation aver four laces nn dectrical | booknlane, with s tulad busertiot 
lowe pp to 33 dB at? OH iseg Chas 

    

  

  

PE        Li Labs Ya 4 Sains. USS AGE ASE SS a Clause 21 Re ie ae inst 二 

  

  

  
  

    LOSS AR EACR 

  

  

    

  

      enced 
st F mx PAR. 

  

  

    
LOOGBASE-SRIQ < 

whey iat ean ® Too mix 
  

     HWGBASE-SRE 

  

{00 Uh PRY ite POUCH ASE-R cacoding ; 
peach wr i at pest (0 my ies Ein ei 

  

    
  
  

HIOGBASE-SRA LOU Gh's PHY using WIOGBASE-8 encoding ver fur ianes of andinade fiber, with 

  

  LOQSBASE-DR 80. Gh's ate SS、 Jo AURA SE: 
  
  

HORCSRABE- ERG 

  

  

        

80.1.5 Physical Layer siqnaling systems 

Change the firs paragraph af 80.13 as follans: 
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Tis standard specifies a family by of Physical Layer implementations, © 
4 and Table 80-48 eneelfy the ‘correlation, between nomenclature and clauses, Int ememations conforming 

WW ONE oF NlOfe Nomenclatnres must meet the requirements of Ue corresponding clauses. 

Change Hible 80-3 ax follows: 

Table 80-3—Nomenciature and clause correlation (O0GBASE copper} 

ytd, Table 80-3, ane Table Sb. 

  

  

   
  

  

  

  

  

  

  

  

    

Cheuse 

oy fw 
: st a e sr é ~ 5 ep oameb sb Be Poe Foes 
aS & Xi a a x EN 5 = = : = x % baat 

= baa’ 

& gies 
wi x = SiR PS eth ba | 

Nomenclatare | 3 1, 1S me Bik; Ri Si RI RI BIS 
care: si mies = egigigei S| OPO oo 
ER 六 | 人 | ea ae | 这 
六 BPR Pe SPR MPR PS eb eS ba i a baie | SB Bb ab woe is Mistielie | Si Rigi Sle ela Sei eisai s 六 不 MU SP ge Pim poe Pa ea ae DO ee ae Ee os 
ey <s es zs Sigi gi Gis iziesigs 
Ee 2s ct mig pts | Bp Bie | By Ss 

ica ond aa SB | Belo 

MM Qi M PO tM gop 起 M | Ay RD po PM 

M Goi Mop Gel MDG MD Ee M MM 

M Gixwmbopea io ba pe M iM 

sf GM EO tat aig 如 wed @ PG bay 

PREIHARE-CRS N os Mopar f MoE ADE G@ foo Mot OM. 

P POOHASECWIG PAD OOP DO iM boi aM pM ba boobs                                           
= Optional, Mo Masdatary, 

Change the title of Table 80-4 as follawa: 

Table 80--4--Nomenciature and clause correlation (NOOGBASE-R optical} 
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Fert table §6-3a after Table 80-9 as follows: 

  

  

  

  

  

  

   
     

Table 80-da-—Nomenclature snd clause correlation (J00GBASE-P optical) 

adie 

a ox Ke = & ae ~ a : 过 3 oe ay 

<< ot ‘ , ‘ 
Ra Be: ae ae = an = we 

Ramenclatieg = 从 站 sg a s x = 

miei Sisieg <)> elise iki ei Rie are 
Sie, Figitisg se se Slgi PF iP iS Sl seis 
这 = 村 3 = at Ms ce poe pers pas peed Z “ 

BIE PPS Siz 2S RS gle 1S 2 ei sig 
Bei ew Mw Se gS ei igi gigig 
= Eliei er =f, Sis = a 

: EGBA el } GO MM 3 o 3 rm) Ch Ob OM MM G a oO ie wi 

OUBASEIR | 全 sep eliatM io lo} a | o M                                       
8s Optional, Mos Mandatory, 

$0.2 Summary of 40 Gigabit and 100 Gigabit Ethernet sublayers 

#0.2.7 Physical Cading Sublayer {PCS} 

Change the text in 80.2.7 ax folfaws: 

The toms 4G BASE-R 1QUGBASE- R. aod 180GR: ASE-P pier to a & spot ay of Physical | Layer 
inipleriotitations based HOR the : 
specifications defined dn i : fs 

idexoding) of data from (ic) the XL. MIC ‘GMI ik 64: 968 rade I locks, “diate ute “ihe ‘dats to “thutipte 
lanes and ahinsicr the eticaded dita to the PMA. 

  

   

  

$0.2.3 Forward Error Gorrection (FEC) sublayers 

Change the first puragraph in 8.2.3 as follows: 

  

A Forward Exor Correction sublayer. is-eeate 
Ne od    

  

heoleploe Pye a OCB ASE-bR4—-R-is. optiotial for 008 ASE-KR4, 40GBASE-CR4. and 
[USBASE-CRIO PHYs and mandatory for [IGGBASE-CRZ  100¢ ww HOOGBASE-RR?. 
LOOGRRASE-RE4. HIGGRASE-RP4. HGR ASE-SR?. al TOG BASE.SERA and: ERI ASE-LR PHY s, 
The FRC sublaver can be placed jn between the PCS and PMA sublavers or heiwe en wo PMA aublavers. 

  

    

  

    

80.2.4 Physical Medium Attachment (PMA} sublayer 

Change the second paragraph of 80.2.4 as follows: 

Copyright @ 2017 IRES, All rights reserved. 
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The 405 BASE:R and IQGGBASE-R PMA are speoified in. i a8) The PMA. specific fo the 
LOOGBASE -KP4 PHY is apecified in © {The PMA for other LOOGBASE-P PHYs is specified in 

    

  

  

80.2.5 Physical Medium Dependent (PMD) sublayer 

Change the second paragrapi: of 8.2.5 ax follaves: 

   he Au MOBASE-R, TQDGBASE-R, and EGR ASE-P PMDe. and thelr corresponding nuedia.ave specified in 
“i through £2 Sis ad < OS threeh ‘. <ise 136 ihreush lyse 138. and       

  

(lause 40. 

80.2.6 Auto-Negotiation 

Change the second paragraph of 84.2.6 ax follows: 

«lave ea Autor ‘Nezotiation is used by ihe ¢ 40 Gh S a LOO on ie pee PHY Bhai KR, 

cantata See 

DGBASE Cc Rd, 1BOGR: ASE: CR? L00GBASE-C RIC, and ORGBASE-CR&),   
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80.4 Delay constraints 

Change Table §0-~3 as follows (oare anchanged paws nat shows): 

‘Table 80-5—Sublayer delay constraints 
  

  

  

  

  
  

  

  

  

  

    

  

  

  

  

    

  

   

  

     

      
  

  

  

  

  

    
  

KEE cess Maximan Maximuni | Maxima : + gf 
Sublayer (it times! | pause quantal? | Cas} Notes 

TOOBASE-R PMA 2b 8 

TOUGSASE-KR4 PMD 机 4 

RS IBASE- KPS. RU ice SUA 

JOOGBASE-CR? PMB 4OR6 g AVG 

TRNIBASE-CRA PMD 2048 . 20.48 | Bioes not Include delay of cathe 
i omedimd See 

WOO BASE-CREG PMD TDW w 9FIN | Does ant include delay efeable 
foamed S ; 

LG BASE-SR2 PMD ZBas 4a fF S68 | tneludes 7 pred fiber, See [8 3. 

{OGGBASE-SBS PMI 2048 4 20.48 Trchudes 2 an of Heber Se 

HMO BASE-SRUD EMD: BS 4 FSS faohides 2 9h af fiber. See 

LAG BASE-DE PMD REE 4 | 2048 | Behafes 2 maf ber See 0S. 

TQOOBASE-EES PMD 2048 4 FRAN 
                   

      

     

    

“Por 40C IBASE “R, i it tame ei BT) is equal ie 2S psand for OOOBASE-R 1 pitt time (BT) is equal to Lp (8 

minis equal ta 12.8 ned for SQUGBASE-R: ] ywarie quantunels aqnatio 3.29 pe 
PASS GHATHA) 

y béteesen this table and the delay reqmmronncnts of the nclowant sublayer chaise, the 
th S ded 

© Shout thers Hes disonsps 

sublayer clanse proves, 
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80.5 Skew constraints 

Replace Figure 86-8 with the following fieure: 

  

MAG AND HIGHER LAYERS 
      

  

EME 人 
    

    

    

            

    

                

    

    

    

    

            
        

  
  

  

TGSASER POS {OOSRASE-R POS | 

PMA (iin) PMA (20'n} 

SSALILAO or CA oe . MALILAG ee ALL 

PMA 2 PRA {20} 

RS-FEG RS-FEO 

PMA (4:43 PMA fan} 

SAU Mec {ONGALN4 or 
" __SPidt jf SPe_ sPiy! if spa“ yocaune 
| pMag@s) | | PMAGmp) | 

PMD SERVICE Oe PMD SERVICE 
INTERFACE 本 ETERFEACE 

PMD PMD 

MD SP3 4 PF SPA 4 MO! 

| MEDIUM <> | MEDIUM < 
Ln , 人 机 本 

Nye ~ ae 

{0UGBAGE-RS JQOGBASE-P 

{OGGAUIL2 =-109 Gis TWO-LANE ATTACHMENT UNIT MOl = MEDIUM DEFENGENT INTERFACE 
INTERFACE PCS = PHYSIDAL CODING SUBLAYER 

JOOGALL4 = 100 Gbis POURLLANE PEC-RATE PMA = PHYSICAL MEDIUM ATTACHMENT 
ATTACHMENT UNIT INTERFACE PMO = PHYSICAL MEDIUM DEPENDENT 

CAU-4 = 100 Gb’s FOUR-LANE ATTACHMENT UNIT NS-FEC = REED-SCLOMON FORWARD ERROR 
INTERPAGE CORRECTION 

CAUM-40 = 100-Gbe TEN-LANE ATTACHMENT UNIT m=2ord 
INTERFACE 

COM = 700 Gbis MEDIA INDEPENDENT INTERFACE. 

MAC = MEDIA ACCESS CONTROL 

Figure 80-5-—-100GBASE-R Skew points with RSFEC, CAUI1, and 1G60GAURN 

aedordd 
pe tord 
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Change lable §G-6 as follows Hable foogrotes not shown): 

EEE Pa 

ard February 2037 

JTable 60-6—-Sammary of Skew constraints 
  

RE 
Skew 

{ns} 
Skew pois 

Maxine 

Skew far 
HHGCBASE-R 
BCS fane 

ip 

  Moximaas 

Skew for 
PRHEBASE-R: 

BCS Inae 
(83 

Nates 

  

Nik te on
 

es
 

cor
) 

  

= 359 

  

  

     
   

5.5   33,735. 
Fu PSR 3 oe Ld 

     
  

    

    

  

  

  

  

Shs ES 

  

  

SPS 14s 

  

  

  

  

  

    

  

ALRS-PRO 49 
it 

    

  

APRS-FEG neces PAG 
  

ag 
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Change Table 80-7 as follows floble footiates nat Siows): 

Table N+7—Summary of Skew Variation constraints 

IEEE Draft Pad? Sect 1.2 
Sia Fabrary 2017 

  

Show paints 

Maimant 
Skew 

Variation 

fs) 

RS Shes 

Yariation for 

PADS GR 

PMB hae 

(D 

  

  Maxinum Show 

Variation for 

2S. 78125 Bd 

PMD kone 
eae a) 

Nates 

  

  

  
SPO a2 a8 

SPE 2 aes MA 
  

  

  
  

  

Oks 

    
Pek 加 

和 全 半   

  

ta
d 

ke
 wt Se
b 

Le
e 

  

  

  

  

BRS 34 28 283 

Sie: Ls 3d. 2 OS 
  

SPT Qe ag 
  

ALBCS receive 

    

  

ALBS-PEC 
Trane 

  

  

AGRS-PES: 
TSketve 

    

  

  

      
  

        

1a 
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&2. Physical Coding Sublayer (PCS) for 64B/668, type 40GBASE-R and 
JOOGBASE-R 

82.6 Aute-Negatiation 

Change the paragraph i 82.6 as follows: 

The following roguirernients apply: to.a PCS used with ¢ 4QGBASE-RRA PMD. S0GBASE-CR4 PMD. 
LRSBASE-CRIG. LOQGBASE-CR4. LOQGBASE-CR?.  HUGBASE-ER4—er LQOGRASE-KR PA. or 
IGGBASE-KR2 PMD whore support for the Auio-Nepotiation process defitied in Clanse 73 is mandatary: 
The PCS shall support the primitive AN- LINK indicationflisk statis} (see 74.9). The parameter link. statue 

shall take the value FALL when POS. statusfaise amd the valan OK when PCS stausmirue. The primitive 
shall be generated when the value of link_statas changes. 

  

  

       

   
   

  

  
  

82.7 Protacol implementation conformance statement (PICS) proforma for Clause 82, 
Physical Coding Sublayer (PCS) for 64B/66B, type 40GBASE-R and 100GBASE-R 

$2;7.4 PICS Proforma Tables for PCS, type 40GHASE-R and 108GBASE-R 

Change the heading number of 82.45 “lest-pattern wades to 82.7018 as follaws: 

$2.7.4.5 Test-pattem modes 

Change the heading aunber af 82.2.6 “Management” te 82. 7.4.7 ag follows: 

2.7.4.7 Management 

Copyright @ 2017 IRES, All rights reserved. 
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{EEE F802 Sed Task Force 

82.7.4.11 Auio-Negotiation for Backplane Ethernet functions 

Change the table ie &2. 7.6.4 renumbered as 8217011) as follaws: 

IEEE Draft PRO? Sodi01.2Z 
Si Fabmary 2017 

  

  

    &SE-KR2 PMD 

  

    inlerfnee described } 

Cages. 75 

fem. Feature Subchouse Falve/Contment Status | Supipert 

e ANI 826 dong oO 

  

) AN    ALANK indication primitive R24 

  

NENTS + ESTE 

JOOGHASE-RPE EMD. 

AREA 

  

  

  

    

    

wetland primtive     ANS ink, stains parmeter B26 Takes the value OR or PAIL. © | ANTM 
as described a 22.6 

ANd yendration of AN _LENK indie { BEG Cenerated when the value of ADEM 
fink Siatus changes     

  

    

POs 
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90. Ethernet support for time synchronization protacols 

90.1 Introduction 

Change the first paragraph of 90.1 tas modified 60 TREE Std R2Aby-2 6 and IEEE Std 803. 3hs-20Tx) 

ae follows: 

    

y and 400GM yy 
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Draft Amendment to 证 攻克 SH 02 2 IEEE 六 相让 和 人 
{EEE PRO? Sed Task Force Sed Febery 2047 

91. Reed-Solomon Forward Error Correction (RS-FEC) sublayer for 
TOOGBASE-R PHYs 

$1.5 Functions within the RS-FEC sublayer 

91.8.2 Transmit function 

21.5.2.6 Alignment marker mapping and Insertion 

Change the third and fourth paragraphs of OL. 5.2.8 as follows: 

Fore fo 19, anip ix. e680 is constructed as folknws: 

  

   

  

     

a} 

B)    fs 35 S10 on Hsing g es rales ik 

  

   and we ae show nin £ ; 
ae eapoiids ea Rapid. Alignment me! rather, then the 

values a are used i inistes cad {see }. 
Sb Ang Po ShS GS = ane ts cas Ags 

  

     

  

   
   

  

This process replaces the fixed bytes of the allgnmont markers received, pasaibly with errere, with the values 
Tn addition H subsuntes the fixed byus of the alignment markers corresponding in PCS 

lances L %, and 3 with the fixed bytes for the alignment marker ocrrespomding to PCS lane 0, Sindlarly when 
used with a four-lane: FMI. af substitutes the fixed bytes of the alignment markers correaponding to PCS 

lanes 17, DS) and 19 with the fixed byics forthe aieraviont nedrker eoereypanding io POS lane 16. The vari- 
able bytes BIF or CD are unchanged. This process stinplifies receiver synclirotiivation since the recetver 
only needs to search for the fined bytes corresponding ta PCS line 0 on each FIC lane. When the optional 
ERE deep sktep capability is supported, the receiver only needs to search for the fixed bytes corresponding 
tO PCS Hanes G aad 16, 

  

  

  

  

$1.8.2.7 Reed-Solomon encoder 

Change the second sentence of the second paragraph of 915,27 as follows: 

When tse 如 和 a 300 BS BASE BPS LWOGBASE-CRo, JUOGBASE-KRR? IOGOBASE-SRo. or      

BE Bt SOR Ee tert Re 
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$4.8.3 Receive function 

$4,5.3.4 Alignment lock and deskew 

Replace Figure 91-8 with the following: 

    

      

    

  

      

  

      

        

  

            

        

      
  

                        

  

  

  

  

  
  

first. peat s: gurrent pest 
siart aeip conmter 

  

六 全 人 ann) 
| _ ‘ snp bad count <8 { 

reeel + signal ok + peshart. lock i naan ; 

¥ ¥. 

+ } COUNT 2 I 

LOCK INIT | shart amp_sounter | 

amps jngkex> to 起 Se : | 
i teat_amp on false { | 

nn : amin counter dane 
UCT , { 

: ¥ | 

, , COMP AR 

GET BLOCK, | — . | 

pHip done ex false : 

: | ®) | : 
: stip valid lamin veda i 

jest arp : " ¥ ¥ | 

: GOOD AM INVALID’ AM 

an ee fy a pount bad. .count+ | 
RNE TS 2 amp_bad_count++ 

i fast anip o: false i | i 

soon sae SE ee meet oe A badd count = § i 

党 

& BAD 

i 

|       
      

  

  

    
  

                

  

  
    

mi 
amp counter done” Spaétates jnside the dotted 
harnpy vate amp counter’ done * es 人 a popes the dotied 

amo valid OO aS Og PETRA 

党 
COME SND 

AMP _SOMPARE. 

lame match | = 
amp match 

¥* ¥ ¥ i 
Lip 了 24Q90 

SUP | amps_inok<x> ex true 
FEC lane mapsingsx> 

| 4 Teg ane             | optional slates 

& 
Figure 91-8-—FEC. synchronization state diagram 

stig. dane 
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$1.5.3,3 Reed-Solomon decoder 

Change the second sentence of the secand paragraph af 91.5.3,5 as follows: 

When used fo fone a LWGBASE-APY. TQOGBASE-CR?, TOGBASE-RR?.  IDOOBASE-SR2. or 
LUSBASE-DR PHY the RS-PEC sublayer shall be capable of cotrecting any combination of up to u15 
syrnbol sors ina codeward. 

  

Chenge te last sentence af 9143.2 as follows: 

  When the RS-FEC sublaver used to form: a TOOGBASE-KPS, [OOGRASE- CR. LGOGRASE-RR? 

HNOUBASE- SES. or JOUGBASE-DR PHY the svmbal error threshold shall be : 

  

  

94.5.4 Detailed functions and state diagrams 

91,5.4.2 State variables 

21.5.4.2.4 Variables 

Change restart tack definition as follows: 

restart lock 

Boolean variable that is set by the FEC abgumont process is reset the synchronization process on 
all FEC lanes di ie seb to trae after 3 consecutive uncorrected codewords are receped (2 BAD 

state) and s eH Ao: es GEL SO entry nfo hel as OF AL IGNM e Sate i iS ‘alse ah i frye shee 

  

  

  

Faxert fec_eptional states definition after feo lene as follows: 

ise optional sites 
Baolean variable that is trac if the optional states are implemented and false otherwise. 

94.6.4.2.3 Counters 

Fasert new counter sing bad caunl before amp_connter ax follows: 

anip bad. count 

Counts ihe niumber of conseertive alignment markers that den’t match the expected values fora 
given FEC ime Hf the opdonal states ure supported in the PEC eyachronization process. 

Gopyight © 2017 HEE. All rights reserved: 
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91.6 RS-FEC MDIO function mapping 

Change Table 1-2 as fallows:. 

Fable 34-2--MDIO/RS-FES coantral variable mapping 

  

Reypister/bR 
MDIO control variable PMA/PMD register name FEC variable 

feu enable RSFE 

     

  

     

    

bypass cor contra ouster 
  

            
PEC bypass inciontion cnabkes RS-PEC conrol TERRY _ bubcation enable 

“Bour lane PMD. RS-ERG coniral repister £280.3 four lane pid   
  

dasert new row in Table 81-3 after “RS-FEC high SER” vow ae follawss. 

Table $1-3-—-MDICVRS-FEC status variable mapping 

  

  

  

    

eee; ‘ <n § ‘ sinters dit a 
MDG central variahle PMAJPM register name Reattenipit FEC yartable 

PRC aphiGnal sivies sueppariert RS-PESS stabus ER 12on7 fos optional states         

favert 6.6.20 after 91.6.2 as follows: 

97.6.2a four Jane pmd 

Wher this variable us set fo ona, the alignment marker mappitie: farmtion substitutes dic fixed bytes of the 
alignment tarkers covresponding bo PCS RS 17,18, and 9 with dhe dined bytes for the alignment marker 

corresponding ta FINS bane 14 (gee. 91 5.2.5), When this variable is get to vero, the alignment markers corre- 
sponding ia PCS lanes 17, 18, and. 19 are passed threneh ommodified. The dethult value af the variable is 

ane which is the value required by the HWNGBASE-CR4, HNIGBASE-RR4, LOOGBASE    
LOOGBASE-SR2, and IOGGBASE-DR PMDs. This variable is mapped w the bit defined in 45.2.1 101 
《2603 

2 

21.6.6 FEC. optional states 

This variable is-set-to true when ihe optional gintes in. rhe FEC opnchronization siate diagram: are Inaple- 

mienied., 
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IEEE Draft Pad? Sect 1.2 
3rd Fabruary 2017 

91.7 Protoce! implementation conformance statement (PICS) profarma for 
Clause 91, Reed-Solomon Forward Error Correction (RS-FEC) sublayer for 
{QOGBASE-R PHYs* 

94.7.4 PICS proforma tables for Reed-Sofomon Forward Error Correction (RS-FEC) sublayer 
for 100GBASE-R PHYs 

94.7.4.4 Freansmit fiction 

Change PICS ftom TRI1 as follows: 

  

Rubchance Vahuw Comment Status 

  

: Sapport 
  

  

   

  

    

  

  

          

  

    

  

  

  

TEL + Reed-Solomon ESG GES BAESS4 Sh REEM 
itr LJNGBASE-RP, 
|. JDOGRARE-CRS. 
| JOGOBASE-RR2. 
od 

$17.43 State diagrams 

Fasest new PICS lew SD6 afler SDS as follows: 

tens Feature Subcheuse Value Comment States : Support 

SD& | FEC synchronization Check AMs alter synchramya~ 0 

  

    | snhaincenent   

  

  bots achieved per Pieure SS   

  

    

  rer A ooo Sepp. BS fe relsase for PE 

    

  
   

'S peoformas: Users of daw Siendand nae 
or dis hitended pirpine and wag father publigh tee eomhtedt PICS, 
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116. introduction to 200 Gb/s and 400 Gb/s networks 

418.1 Overview 

V16.7.2 Relationship of 200 Gigabit and 400 Giabit Ethernet to the ISO OS! reference 
model 

Chanee Heat has fallows: 

    

hy «The MDIs as specified da Ch aac P20 for 2O0GBASE-FR4 and 

ZO0GBASE-LBA. and bi ; ‘for ADOGBASE-DRA. ¢ Hse P36 fer FO0GBASECR4 
Clouse 137 for SNGGRASE-RRS4. snd Clause 138 for 2QUGRASE-SR4. all nse a 4-Inne dats path. 

  

  

4464 2 Nomenciature 

Change Table Tit-f wa shown one anchanged rows nol showy 

Table 116~1--200 Ghis PHYS 

  

Deserigsion 
  

Tanss of ant of      
POBGBASE-CHS 200 Gb PEL. LSiOe 2OHASE -B snoodinge nyer four fanes of teinayial 

  

  

  

sopper cable (see | and Clause 1353   
  

  

SDOCHAST-SRS 20h 二 ee 8 ce UGRASE-R encadine over fom lanes af multimede 

  
  

BWUGBARE-P4 

  

          
416.1.4 Physical Layer signaling systems 

Change the firs! paragraph ie 11id.4 as fallown: 

This standard specifies a family of Physical Layer implementations. 3 a, Table bi6-3, -and 

: “speoily the correlation benysen PHY types and clauses, inplemeson cori DER fo ONC oF 
yore PHY types musi mieet the requirements of the corresponding chanses. 
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Insert Table 276-20 as shawn: 

  

  

  

  

    
  

Claas 

78 eas Ae) UN F28R. | AAO ik 437 

= a 

PERKS bee ane di Baa. a 
PRY type wee fhe oe 加 3 ee 已 

a = i ~ = & 
os ‘ & so ah . x < x & 33 es es bees S isi y 二 = & a be A = ae is it 

= s at a Ss Uh wy 
Bs 其 = 3 这 < < 

这 ¢ = = x I 
eS 党 & = 站 a 
= a4 et #4 s x 
PR a = & 

et ca 

ts 人 MM SE a oO MM 

S4 全 起 M a oo OM                         

  

Change Table 126-3 ay shown: 

Table 116-3—-PHY type and clause. correlation (200GBASE optical) 

  

Claase® 
  

be
 

be bee
. 

poe
. 4 

pei
n, 

aa
h.

 

Ne
 

we
 

38
 

po
e 

te
 

2 2 ads
 

he
al

 

入
 

pew
, 

be
t Sy
 

see,
 

  

oe
 we.
 

we
e 

ree
: 

ex
, 

we
r 

FS eet
, 

pa
 

  

  

« & S = 
nal ow ra ond fay = eS = = aan we = Po s Be — ms PHY type Si £ FPR PR Ris < De 证 ; ‘ee pe Net wi - x A 

as = : : ae = “ a em : = wf 次 te ee 这 这 et Red a 5 ae = se Ye tA 过 2 > = = fe be s = ‘ < < ae < a ox WE a 

hes <i 起 攻关 = eo Pe] Bs 
总 = = = S = i Ye 党 
= Pm ba 8 ot ca = = ay 
区 = = = ez ot “6 

  

“ oe es ‘a ge
e 

to
ne
 

on
 ia 多 a Va

ra
 

Z ae 党 

  

  

  

0 Af 好 hE M p 3 这 Q ME 
  

SERIBASE-URA & M 3 M MM 2 3 o 3 Bo                                 

ee Ongongl A Mancini. 
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116.2 Summary of 200 Gigabit and 400 Gigabit Ethernet sublayers 

hare spectfiod In     2 throweh C3 

116.4 Delay constrainis 

Change Table 116-5 as shown (seme wachanged rows pet shown): 

Table 118-~3—Sublayar delay constraints (200GBASE} 

  

Masini Maximum = | Maximeant 

  

  

  

  

  

Sublayer Sa ate ocd oe a] SR 

Se 《法 times” ipanse_guaata}® {ns} ss 

20GORBASE-R EMA 12432 36 和 See 

S0QGBASE-RRS BMD Ri9t if 40.96 faolndses alloontic 

  

    

  

  

  

LOGGB ASESURY PMD is §8.08 

20GOBASE-SRA EMIS 二 站 g 20.48 
  

     
        

                

  

forthe definition of bit nee) 
vf Par 200GR i forthe definition af parse qnanta} 
"Should there ie a dis SPACEY bat Se this table and the dohay y requirements Gf the relevant spblayer clause, te 

subhiyor cheuse prevaids. 
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419. Physical Coding Sublayer (PCS) for 64B/66B, type 200GBASE-R and 
400GBASE-R 

Insert sow subclause 312.6 after suabelause 179.8 as follews: 

119.6 Auto-Negotiation 

The followhig requirements apply to a POS wel with a 2G0SBASE-CR4 or 2DOGBASE-KRRS PMD where 
support for the Anto-Negouaiion process defined in Clanse 73 i gumdatory. The POS shall support the 

AN LINK. indication(link status) primitive (sce 73.9), The parameter ink status shall fake the value RAIL 
when PC S alatuesfalse and the valne OR when PCS. shitueinue, The primifive shall be generated when the 

valu af link states changes, 

    

718.7 Protocol implementation conformance statement (PICS) proforma for 

Clause 119, Physical Cading Sublayer (PCS) for 84B/86B, type 200GBASE-R and 
400GBASE-R 

119.7.4. PICS proforma tables for Physical Coding Sublayer (PCS) 648/068, type 
Z00GBRASE-R and 400GBASE-R 

insert mew sndbelause F127. 4.22 after subelause 329 &417 ax fotloves: 

419.7.4.12 Aito-Negofiation for Backplane Ethernet functions 

  

  

Hem | Fentare Subetause Yalue/Comment Siatus | Snyppart 

SAN | Appar for ase with « E36 AN teshuolagy dependent 8] Vest] 

        

| RHGBASHCRS or tiertice deserthedh in 二 

a DOR ASE RRS PEO Chae 73 
  

  

    
  

AND: AN: LINKA ink fication primitive | Te Suppertal the ANIM est] 
; AN RINK indicatinadlink: aust WALT 

guy prinntive 

AR | Indic stats panneter 生息 六 SOR or FAIL, ANM 
as described in 119.8 

  

ANS Generating pe 下 Henersted when the vatne af ARM             

  

  

  

link alahus changes es     
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120. Physical Medium Attachment (PMA) sublayer, type 200GBASE-R and 
400GBASE-R 

426.5 Functions within the PMA 

dasest new heading 120.5,7 and change heading anitber 1205.7 ta 220.571 ax folloves: 

  

120.5,7.4 Gray coding for PAM4 encoded lanes 

dusert new subchinse 120.507 2 as follies 

426.8.7,2 Precoding for PAM4 encoded lanes 

  

A PMLA adjacent to a 2GGBASE-CR4 or ROGBASE-RERA PMD, shall provide 1/Ci+D} mod 4 precoding 
capability on a8 qransmit lanes and may optionally pravide 1/1+D) mod 4 decoding capability on all recetve 

lances oa the PMD servos interface. Pracoding is implementod as specified jn 133.8, 7.2, 

© 

“Phe precoder is soabled ‘iidependently for the transmitter and recemver on. cach Jane (0,01, 2, and 3}, 

Preeadiig. #8 enabled and disabled using ovarlables precoder down ix enable / and 

precoder down ra: CH y(whote fig 0.1, 2: or 3). 

六 二 ChusedS MPIC is implemoricd, the  vanables preeoder_ dewn_t< enuble 7 and 
preeader down rx enable ¢ are accessible through register 1.600 and- LG) isee 4521. dh and 

S827 L6H, 

Fhe variables precoder dawa_ix cuable 7 and preeader_ down sx enable fare dhways set to thin a PMS 
that ig not adjacent to a 2ONGBASE-CRS or 2U0GBASE-KRA PMD, 

  

The vatiables precoder down ix enable f and precoder down re enable ys shall he set as determined by 
the PMD control function on lane ? {see 1368.11.75). The ametiod by which the PMD contra) fanction 

affects these yarigbles ia implementation dependent. 

Copyright @ 2017 IRES, All rights reserved. 
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120.8 PMA MDIO function mapping 

Change Table [20-1 as shows (some anchaazed rows not shew}: 

ISEE Draft PRO? Sodi4.2 
Srd Febaiary 2017 

Table 120~1—-MDIG/PMA contral variable mapping 

  

MDG veriahle PMLAPMR register name 
Revisters 

PATS control varinhle 

  

  

be apther 

PMA veined loppback PMASPMD contiol Lod Rents louphack: stable 

i PACA local louphack PMAGPMD control | Dees) loopback enable   Lad 
  

PMA peecader vontraf down 1.6905 precoder down is enable 8 
  

  

PMA, A precoder contred dws Tx {£003 
  

predder, dawn is enable | 
  

  

PMA precoder conival down “Ps: 1.6002 precoder dowry tx: onable 
  

  

  

Lancs 3 doin iransmitier 

“precoder enable 

  

PALA precoder contral dawn Px presenter slostp bs enabbe 3   | Lawes 

  

Lane Rn RISES- 
  

  

er contra dows Ry 

  

Legh a preeader down re snable   

  

  

i Jose RY SESE tus: 

  

PUA precoder control down Rs 
    
precoder down yx cnable 

  

  

  

  

te mis Sina fens hes prey PALA precoder contrat dawn Rx. precoder doswn oo epahle 2 
  

goer egable 
  

Lane 3 down receiver pre- 
cueex enable 
    mitral dew By 

  

  eon oy down 

  

  

j PRODS31 pation: onable PRBS patiorn tegting SSE pS PEBSSY dnable 
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rd February 2037 

120.7 Protacol implementation conformance statement (PICS) proforma for 
Clause 120, Physical Medium Attachment (PMA) sublayer, type Z00GBASE-R and 
400GBASE-R* 

dasert mow subclanse [20.7.7 as follows? 

426.7.7 Encoding 

  

  

  

  
  

  

        

Tere Festere Subclaase Value Conmmient Stats Support 

Rd PAVERS 如 

a PALA suppers ‘T's 1205.7.2 CRRAM 
pretoding: 

#2 PMA sepperts Rx 
peecodng 
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Draft Amendment to EEE SH 802 S-2038 
{ESE PRO2 Sed Task Force 

fissert Clanse i322 te Clause [46 as follows: 

431. introduction to 50 Gb/s networks 

131.7 Overview 

1341.4.4 Scope 

This clause desorihes the general requirements for 0 Gigabit Emhernst. 

40: Gigabit Ethernet uses the JERE $02.5 MAC sublayer operating at a data rate of 90 Gbis, coupled with 
any [ERE 802.3 SOGBASE Ploysical Laver inplemeniation and ia defined fr full daplen operation only, 

5B Gh ‘S Physital Laver entities, Sach as those speciiied in Table 131-1, provide a frarac loss ration (sce 
af lese than 6.2 = 10°)" for G¢-ocrel frames with minimis Interpackel Rap, 

    

131.1.2 Relationship of 50 Gigabit Ethernet to the ISO OS! reference madet 

a0 Gigabit Ethernet couples the HERE & 
among SO Gisabii Etheniet, the (EEE 802.3 
ence model are shown. ia Figured 31-1, 

    

IMAC to a fanuly of SO Gbs Physical Layers. The relationships 
MAC. andthe 150 Gpen System Interconnection (O81) refer-      

  

  

  

        

  

  

        

  

  
  

  

  
  

  
        

  

ETHERNET 
LAYERS 

HIGHER LAYERS 

Os! i LEO OR OTHER MAS QUENT 

oD ， MAC CONTROL (OPTIONAL } 
LAYERS | MAC 

APPLICATION boy FECONCILIATION 

peresentarion | / SOM 
= —_ foo? io 

SESSION a SOGBASE-R PCOS 
pod 

‘ 了 EO 

TRANSPORT poo 
4,7 PRA SPRY 

NET WORK 更 i PRD | 

DATALINK |? ant i 

PHYSICAL MU ae             

  

人 
SRASE-R 

二 MAERAINDEPENDRENTNTEREACE 

AN = AUTO-NEGOTIATION PHY = PHYSICAL LAYER DEVICE 
FEC = FORWARD ERROR CORRECTION PMA = PHYSICAL MEDIUM ATTACHMENT 

LLG = LOGICAL LINK CONTROL FMD = PHYSICAL MEGIUM DEPENDENT 

MAC = MEDIA ACCESS CONTROL 

MDI = MEGIUM DEPENDENT INTERFACE 

PUS = PHYSICAL CODING SUBLAYER 

  

NOTE 1—GONDITIONAL BASED ON PHY TYPE 

Figure 131~1—-Architectural positioning of 60 Gigabit Ethernet 
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While this speciflestion defies dmterfancs interns of bits, ontets, and frarnes, insplemontations may. chomse 
other data-path widths for implementation convenience. The only exceptions are as follows: 

ay 

时 

The SOGMIE which, when iniplemented aslosical nterconnsction bpiRt kehesen the MAL sublayer 
aod the Physical Layer (PHY), uses a 64-bit wide dats path as specified by Clanse 132. Physical 

instantiations af this nuerface may tise other data-pah widths. 

The management interface which, when plyvsically iniplemented as the MDIO/MDC (Management 

Dats Inpur/Ouipat and Marasoment Dati Clock) at-an observable interconnection part, uses a bit- 
wile dala paths spcoified in Clause 48, 

  

The PMA. service terface, which, when olivsically bupleinented as LAUT, as specified in 

Annes TSAR and Annex 138C, or as SOGALH-2 (50 Gb/s two-hine Attachment Udit Interface), as 

specified ix Annes 138D and Antex 13SE, at an cbservable intercaimiection port, uses-a 2-dane chim 
path. 

The PMA senice interface, which, when physically immlemonted as SOGALL- 1 (S0 Gh's one-ime 
Attachnnent Unit Interfses) atan olkeervable interconnection port, uses @ i-lane data path as speci- 

fied m Annes ISSF or Annex PASC. 

The MOH as speotiied in Clause 135 for SOGBASE-CR, Clause 137 for SDGBASE-RR. Clause ESR 
for SOGBASE-SR, and Clause 139 for SOOBASE-FR and JOGBASE-LE use a lane data path, 

  

131.4.2 Namenclature 

The nomenclanire eoploved by fhe 58 Gbis Physical Laver is explained as follows. 

The alpha-numeric prefix SUGBASE mn the port type (eg. SMGBASE-R) represents a family of Physical 
Laver devices operating at a speed of 50 bss. 

S0GBASE-B. represents a fandly of Physical Layer devices SHE the Physical Coding Sublayer (PCS) tor 
50 Gib's operation over nvlitipie PCS lanes (see Clause 193). Physical Layer devices listed in Table (31-1 
are defined for operation at $0 Gbis- 

  

Rane 
  

SOU ASE-RR 

  

SGORASE-ACE 

  

SQOGBASE-SR 

  

{see Clouse 138). 
  

SOBASE-FR 30 Gh’s PITY using SOUBASE-K encoding over single-mode Ther withrreach 
Wp ta at dowsh.2 kre fece: Cane 1399. 
    SIGBASE-LR 40: GBs PHY using SOGBASE®. cnomling over stugle-atiade fife, with reach 

Rp 1G at teat 10 kam (see Chase 139),       

131.7.4 Physital Layer signaling systems 

This standard specifies a family of Pliysical Layer piplementations, Table 131-2 and Table 131-3 specily 
the correlation bepecen PHY types and clases. Iouplementations conforming to one or more PHY types 

Wust yc the requircinents af dhs comesponding clases, 
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Table T+2-—-PHY types and clause correlation (S0GBASE copper} 

  

  

  

  

  

                        

Clause® 

eh ey op be, Bo Si ge bor 
x ed mR PP Rie i Si sgis pt aa ae 

Bs aig 
PRY type a eS Sie 2 a ra = et ey Px Be 

R x 这 S Pig isz ay ee) 
如 x x el 二 Tet Se 这 
oe ee ee re ee 

Bufo ie bog PAE Df oe 
eit = i BS Dw i woios ws “ Pe 

. . Ee 3 ES Rast ee fas} ES cs ra 
Siw i Be ise is. i Ss 民营 Ss 
Ss Re ey Ea ra Fy inns iF 二 iw Wy 

SSH ASE-KR. 3 M 8) M M Me re) i} 0} M 

SQGBARE-CR ty M is M M M i} C} i> Mf       
Sok = Oniional, Mos Mandatory, 

Table 134-3—PHY¥ types and clause correlation (30GBASE aptical} 
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8O=s Optional, Mo Mandatory. 

431.2 Summary of 50 Gigabit Ethernet sublayers 

13.2.7 Reconciliation Sublayer (RS) and Media independent interface (S0GMN} 

The Media Independent Interfice spenifd in Clause 132 provides’ a lopieal interconnection between the 
MAC sublaver und Raysital Laser entities (PHY). The Media Independent Imerface is not intended hy. be 

plysically instantiated, cater 让 Can lovically connect layers widiin.a device. 

The SQGMUT supparts 50 Gb:s operation through its G4-bit-wide transmit and receive date paths. The Recot- 
cilistion Subleyer CRS) provides.a mapping beiwoen the signals provided atthe SOGME and the MACVRLS 

service definition: 

Gopyight© S017 EEE. All rights reserved: 
This 8 an unapproved [EER Standards draft, aublect to change. 

Be
 

ph
 

Su
k 

ta
re
.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000177



Dral AmendmentioiRE Sid 802. 2-2045 EES Gea PBO2 Bcd 2 
TERE Pots Jog Taek Fore ord-February SNF 

While the SUGMID is an optional interface, 2 is used extensively in this standard as 9 basis for functional 
specification and provides a common service Interiace for the physical cading sublayor defined in 
Cingse 183. 

431.2.2 Physical Coding Sublayer (PCS) 

SGGBASE-R PHYS use the PCS epecified in Clause: £33. The SOGBASE-R PCS perfonns encoding af data 
from the SOGMIF to G48/86R code blocks and transfers. the encoded data:to the PMA (or FEC) and performs 

Jecading of M4B/H6B bincks from the PMA. dor FEC} and transfers the decoded data to the SOGMIL 

       

431.2.3 Forward Error Correction (FEC) sublayer 

S0GBASE-B. PHYS toe the FEC sublayer specified in Clouse 134. The FEC subloyer nan: be placed benvern 
the PCS. and PMA sublayers or between fvo PMA sublayers. 

131.2.4 Physical Medium Attachment (PMA} sublayar 

The SOGBASE-R PMA snecilied in Clause 134 provides a medim-independent means for the PCS te sap 

part the use ale range of physical media, 

The SUGBASE-R PMA performs the mapping of transmit and receive: data sireanis between the PCS and 
PMA via the PMA service interface, the mapping of transmit and receive data sireame between the FEC and 

the PMA. vie the PMA service interfkes, dnd the mapping and multiplexing of transniit and receive data 
streams bepyeen ihe PMA and PMD vin the PMD service interface. In addition, the PMA porlorms retiming 
ofthe rencived daa Sea when appropriate, optionally provides data loopback at the PMA or PMD service 
hiteriace, and optimally provides test-patiern eencration and checking. 

4131.2.5 Physical Medium Dependent (PMD) sublayer 

The Physical Medinm Dependent sublayer is responsible for interfacing to the transmission ined. The 

PMD is located just abeve the Medium Dependent Interface (MDD. The MOL, logically subsumed within 
each PMD subclause, is the actual medhan attachment for the various supported media, 

The SOGBASE-R PMDs and their corresponding medig are specified ia Clause 156 through Clause 139, 

4131.2.8 Management interface (MDIO/MDG) 

The optional MDIOVMDC management interface (Clause 45) provides an diderconnection between MDLO 

Manageable Devices (4MDs) and Siation Managenient (STA) ondites, 

{31.2.7 Management 

Afanaged objects, attributes, and actions are defined for all 50 Gieabii Ethermet components. These items are 

defined in Chiuse 3). 

131.3 Service interface specification method and notation 

The service interface specification for the SOGRASE-R Physical Layers ig.as per the definition in 22.2. 
Noie that. the SGGBASE-B inter-sublayer aervice interfaces ase multiple scalar REQUEST and 
INDEC ATION prindiives, tp indicate the transier of maltipic independent sircamss of data units, as dedined in 
ESLA.E through 13733. 
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431.301 inter-sublayer service interface 

  

The inter-sublayer service-interiaes is defined dn: - 

431.3.2 Instances of the Inter-sublayer service interface 

  

The ingerssublayer interface cau he instantiated between different sublayers, hence a prefix notation is 
defined to identify s specific inslance of an Inter-sublayer service Interfkee. The following prefixes are 
defined: 

a. PMD:—for primitives issued on the imerfacs bepveen the PMD eublayer and the PMA. sublayer 
calisd the PMID service interface: 

im
 

    By). PMAforprimitives issucd om the dveriwe between ihe PMA sublaver-and the PCS onthe FRC 

sublayer called the PMA service interface, 

e}  FECs—~or primitives issued on the interface bonween the FEM eublayer and the PCS or the PN 
sublaver called the FEC service mitriace, , 

  

  

Examples of inter-sublayer service nartaces for SOGBASE-E with their carrespondiny ietance names are 
iBusttated in Figure 13 1—2. For example, the prinatives for ons inshines of the inter-sublayer.scrvice inter- 

face, narned the FMD service interface, are identified as follows: 

PMDAS UNITDATA. 7 paqnest 
PMEIS UINITDATSA, # ilioation 
PMEXIS. SIGNAL jndication. 

Primitives for other instances, of inersublayer interfees, are represented ina shinlar manner as described 
above. 

1313.5 Semantics of inter-sublayer service interface primitives 

  The semrantios af the date: 

mE LEGS AT through } 

   -cublaver sorvion interface prirniives for the SR 家 六 SR sublayers are desorihed 
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MAC ANG HISHER LAVERS 

    

  
RECONCILIATION SUBLAYER | 

  ¥. 
SOGBASE-R FCS | 
  

be 和 | 
PEC AS UNITDATA_{03) sequent 二 不 不 

FECIS_UNITDATA Gindisation 

  

  

          
      

  

  

  

    
  

      

  

  

FEC SERVICE A 
INTERFACE FECIS_SIGNALindivation 

vy L 
ASFES 

PMAIJO_UNITDATA [00 Lrequeat ‘PMAIS UNITDATA {i 4] indlestion 

PMA SERVICE PRAIS SIGNAL Indisatioy INTERFACE. Seat 4 PRAIS | o_o“ ication 

吉本 
| PMAIZn} 

& 天 
PMAIS UNITBATA [O-J] request PMATS UNITOATA {O:n-tLindiation 

PMASERVICE _ PMAJS. SIGNAL Jndication 
INTERFACE , 

PMA (ned) 

t t PMOAS UNPIDATA request PMOYS UNITDATA indication 
% SeRVyicr 

RE 一 SMOIS SIGNAL Indication 

PMD 

Mo ie 

1 MEDIUM << 
KS - . 

S0GBASE-F 

SOGMH = 36 Ghis MEDIA INDEPENDENT INTERFACE 

MAG = MEDIA ACCESS CONTROL 

<IDI = MECHUM DEPENDENT INTERFACE 

POS = PHYSICAL CODING SUBLAYER 

PMA > PHYSICAL MEDIUM ATTACHMENT 

PMD = PHYSIGAL MEDIUM DEPENDENT 
n= NUMBER OF PARALLEL STREAMS 

n=tore 

Figure 131~2-—S0GBASE-R inter-sublayer service interfaces 
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131.4 Delay constraints 

Predictable operation. of the MAC Control PAUSE operation ¢ 1, Annex 313) demands that there be 

an upper board on the propagation delays through the network. This implies hat MAC. MAC Control sub- 

layer, and PHY implemenices orust contra i cerlain delay manxinia, and that neovork planners and adnate 
isfratars conform. io consinaints regarding the cable topology and concatenation of devices. Table 1314 
sanigine the values of maximum sublayer delay (sam af ianemil and receive delays at one and of the Hnk} in 

bit Himes ae specified in 14. and parse. IE aé specified tn for 30 Cugsbit Ethernet. [fa PHY con- 

  

   
ofthe PMD and medium. 

Fable 131~4d-—Sublayer delay constraints (S0GEASE) 

  

Mashnuim Maxhwum. | Maxim 
Sublages Git Hme}® | (pause qunata}® ins) 
  

    SOG MAC. RS, anal {G 384 32 327.68 
SEA Coninol 

  

  

    

BRC Mi 2ts 33 
  

AGOIBASE-R RPR 25-608 SO ALS See Dad. 
  

AUSBASE-R PMA 4 628 9 Est Seo L343, 
  

  

   
SO0GBASE-ER PMD 3 O48 4 SOS6 TP ACTuchtdes alfveation of 

athe medinsa. 
  

R See 86.5. Includes allocation of 
28 ws for the medvany. 

   SUGTAST 

  

PAID 2048: 4 40.96 See 
P 

  

SQGBASE-SR PMD Pa 2 ROS facheles 2p of fiber 
See T3830), 

  

  

  

-S0GHASE-PR PMD Logd 2 2048 inchides 2 neat Aber. 
See deo. 

OSOGBASE-LR: PMS Land 2 20.48 Rachades 2a af tibee 

See b59.3,               

    
"Vor SOGBASE-R. | bittame (B1} is eqnal ta TH py. (See 1s 
"Por SOGBASE-R, T pause quantum is equal to 10.24 as. (Se 
“Should there fea digcrenaney betwen this table and the dal 

Inyer clause prevails. 

or tie defirition af BN dee) 
2 forthe dedinilion of pause_ypantad 

equiiremenia.of the relevant eublaver chnise, the sab- 4 X : 

    
   

    

  

See. 40.4 forthe calenhnion af be time perimeter of Hber or electrical cable, 

See 316,3.7 for PAUSE reaction timing consirainis fir stations atogerating speeds of SG Gbys, 

431.5 Skew constraints 

Akew (or rehiive delay} can be inbroduced behween lanes by bath active and passive elements of a 

SOGBASE-R link Skew is defined as the difference beuween the umes of die carliest PC 

  

ame and latest 

PCS letie for the ons to ser transition of the alignment marker syne bis. The POS deskew finction (see 

133.2.3) compensates Er fune-to-lane Skew observed atthe receiver, ‘The Skew betweeti ihe lanes must 
be kop within limits as chown in Table 131-4 si thai the transmitted information on. the limes can. be reas~ 
getiibled ‘by the receive PCS, 

Gopyight© S017 EEE. All rights reserved: 
This 8 an unapproved [EER Standards draft, aublect to change. 

p23 

dt
 

be
 

Rh
 

Sun
k 

ter
e:

Marvell Semiconductor, Inc. - Ex. 1002, Page 000181



Dral AmendmentioiRE Sid 802. 2-2045 EES Gea PBO2 Bcd 2 
TERE POU? Jog Taek Force ord February SNF 

Skew Varintion may be introduced dun to-wariations in slectrical, thennal or environmental characteristics: 
Skew Varlation is defined aa the chimgs in Skew betwoen amy PUS tune andamy ether PCS hme over the 

entire ume thatthe link is in operation. From ihe tite the Hnk is brought up, Skow Variation mus? be invited 
to-ensureihet cuch BCS lane abyays iaverses the same lane hepween any pair of adjacent sublavers while the 

link Tenens in operation, 

  

‘The pubumum Skew and Skew Vacation af physically hietautiaied interfices is speodied at Skew points 
SPQ, SPL SP2 and SPS for the transmit direction, and SP4, SPS. SP6 and SPY for the receive direction. as 

iBustraioed an Fimge 131-3, 

  

MAC AND HIGHER CAYERS 
      

RECONCILIATION 
  

        

    

    

          
  

    

          
  

    

        
  

  

  

  

SGML —— > SOME —t 

SOSBASE-8 PCS - BOBRASE-R PCS 

REE PMA (2:2) 
PMA 2:9) wre 

LAU eng | bk SPY 
SRGAUn oo a) lk 96 PMA fa} 

| PMA | RS-FEC 
PMD SERVICE pop PMA GS. 
INTERFACE 一 全 Spzd ia srs wan) 

MOI ——» spa} 4 sp4 | PMA | 
PMO SERVICE 

| MECHUM <S- INTERFACE SP 
ne, PMO | 

SOS BASE Fe : BORBASE-F MD —» SPS4) i spe       
| MEDIUM <> 

a yo 

SOGBASE-R 

    

SOGAUMNn = 50 Ghis ATTACHMENT UNIT INTERFACE POS = PHYSICAL CODING SUBLAYER 
SOGMEH = $0 Gbis MEOQIA INDEPENDENT INTERFACE PMA = PHYSICAL MEQHUM ATTACHMENT 

LAU? = 0 Gils ATTACHMENT UNIT INTERFACE PMD = PHYSICAL MEBIUM DEPENDENT 
MAC = MEDIA ACCESS CONTROL ne tore 
MOH = MEDILIM GEPENDENT INTERFACE 

Figure 131-3-—-SOGBASE-K Skew points 

Tr the rangmit direction, the Skew points are defined in the following locations: 

ae SPQ on the LAUT-2 interfang, af the input of the PMA above the RS-FEC: 

-~ SPI on the SOGAUT-n interface, at the imput of the PMA closest to the PMY 

ow SP2 onthe PMD service interface, atthe tuyput af the PMID) 

sod SP ar ihe outnut atthe PMD: atihe MIM, 
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in the receive direction, the Skew polnis are defined in the follawing locations: 

~~ SP4 at the MOL at the input ofthe PME: 

o- SPS onthe PMD service interface, atthe output ofthe ENER 

~~. BPG on the SOG Alp inierince atthe quiput of the PMA below ie the RS-PRC: 

— SP? on the LAUI-3 imerfiee, at the outgut of the PMA above the RA-FEC 

The allowable dime for Skew are shown ja Table 131-5 and the allowable liniis fir Show Variation are 

shown i Table 131-8, 

‘The Skow requirements for the PC 

notedin Table 131-4 and Table 15 ee 

PMA and PMD) sublavers are specified in the respective clauses: as 

Tabla 431-~-—-Summary of Skew constraints 

  

  

  

  

  

  

  

  

  

  

  

  

      
  

            

Maxixaun Siaxineam 
Masinuexs Show for Sthew fer 

Skew points Skow : S0GBASE-R [ SUGBASE-R Notes” 
fas)" : BCS Jane FEC trae 

Lote ES 

SPI a PR} 

次 ts 7 . 
nanan 

SPS 3 & TEAS 人 

SES RS oe ws 1935 

SP IM ~ = 3500 

RPS 15 cen ww S892 

SES 18g 一 i AIG 

SPEC thins- 
& 130% 

rau 

ATPRC races 186 sae BIRD 

a PC S ER fa + 2 A392 — 

  

  

    
    

   

fe teed pn 2 Uh squat 738 S738 ps at PCS ame 

ES ape OX samate ES ER Skew ita UE based aa 1 TA equals 37.6471 ge at PSC lane 
3825 ¢ 

Sioa ath nore hes x disehepah wey between this table and the Skew requirementa dt the telewant aublayer clause, the Sr 
lager chase prevails, 
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Table 131-6—Summiary of Skew Variation constraints 
  

  

  

  

Masxiuai Mainiinns 
Max imeni Shew Show 

= . Skew Variation far ¥artation far . 5 
Sean LTT m Foret a8 S 4g Resor 站 Notes® Skew points Variation [| ISISEISGhd | 26.5624 Ghd SR 

{a3} inne tame 
any cer 

“see 2 ear 二 Se 198.33 

SR 2 seme fh Spe PSS 5.33 

BPD eo edt we 1345.35.58, 196.6, YEG 1839S 

  

  

  

  

  

  

  

              
  

at 300 AUTaror PMD lans signa    

laver clause poowarls. 

131.6 State diagrams 

  

    

SGN. 
the Skew tentireannis of the relevant snbliver clause, the sub 

   FOR Hie equivalent af maximum Skew Varaion ia UY haved ond 
ne mete OF 26 56 

“Should thers be a discrepancy hutiveen. this table amd 

    

PN dyads STU TY ps 

State dianranms take preoadoncs over text, 

  

The convertions af U2 are   adopted, along with the extensions Hsted in 2) 

Multiple states af'a fiction diat Nave a iavisition to 8 Camaion state ie diferent qualifers (for oxatu- 
ple multiple cait conditions to an TDLE or WAIT state) may be indicated by a shared arrow. An cxit ininsi- 

Got, arrow must connect to the shared arrow, and ihe qualifier wnist be met prior to termination of the 

inansition arrow on the shared armes. The chared arrow has no qualifies. 

431.7 Protocol implementation conformance statement (PICS) proforma 

   The supplier of a protoscl implenveniatian that is claimed to confonn. ti. any part af TEBE. Sid 802.3, 
Clause E52 thraugh (lause 140, and related annexes demonstrites compliance by congpleting 2 protocn! 

implenioniation conformance siatemend (PICS) profarma. 

eS.     

A-completed PICS proferma is the PHOS for the implemienitation in question, The FICS is a siatement of 
whick capabilities and options mf ihe protocel fuve been inspnlemented, A PIGS is Inchuled af the end of cach 
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clase as appropriate, Each af the 30 Gigalsit Ethernet PIOS conforms to the sanie nalation and onnyentions 

  

ysed ins 
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132. Reconciliation Sublayer (RS) and Media independent Interface (S0GMil) 
for 50 Gb/s operation 

132.1 Overview 

  

This clanse defines the characteristics of the Reconciliation Sublayer (RS) and the Media Independent ler 
face between Ethemiet media secess contollers and various PHY's. Figure 132-1 shows-the relationship of 
the BS and Media Independent uterfare fo-the ISO/IEC OST reference manadel, The 50 Ghis RS has Mentical 

logical fumetionality to the 40 Gb’s RS defined in :        

The S0G3MH is.an optional logical interface bepween the MAC sublayer and the Physical Layer (PHY). 

The RS adapts the bit serial protocols of te MAC to the parallel format ofihe PCS service interlace, 
Though the SGGMIL is att optional inte it is used in Uiis standard as a basis for specification. The 
Physical Coding Sublaver PCS) is specified to ihe SG so if not implemented, a conforming 

troplementiation shall behave Runctionally as ifthe RS and SOOM were iniplemented, 

      

The SN has the following characteristics: 

a) The SOGMH supports a speed of 80 Ghis, 

by Data and deliniiters are synchronous to a clock reference. 

c} 0 It provides independent f4-bit wide iranentit snd receive data paths. 

© aupports fall dunles operation anly. 

132.1.4 Summary of major concepts 

The following are the major carcepts of the SOGMILE: 

a}. The S0GMIT is iactionally similar to ather media independent imieefaces that have been. datined far 
ater speeda as they all detine an interthcee allowing Independent devciopment of MAC and FRY 

lege. 

&) The RS converts between the MAC serial data stroani and the parallel data paths ofthe SGGMIE 

©} The RS maps the sisnal set provided at the SOGMH tthe PLS service primigives ‘provided. at the 
MAC. 

& Each direction of dota iranater is independent and serviced by data, contral, and clock signals: 

e} The RS generates continuous data or corital characters on the transient path and expects cantinacns 
date or contra] characters an the recerve path. 

Yo The RS participates in fink full detection and reporrag by monitoring the receive path for slatas 
reports. af indicate an unreliable link, and generating states reparts on the iraneniit path te report 

detected link Taalis to the PTE on the remote and of the connecting nk. 

The SOGMIl may also support Low Power Idle (LP) signaling fer PHY types supporting Enerey 

Efficient Ethernet (EEE (see Clause 78). 
    

  

132.1,.2 Application 

This clause applies to fhe interfaes between the MAC and PHY. This logical interface is used to-provite 
miedis nidenondence se (hat an idention! media access oantroller may be uscd with all SOGBASE PHY types, 

432.1.3 Rate of operation 

The J0GMI is specified to sappant 3) Obis apenstion. 
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ETHESMET 
LAYERS 

   

  

  
  

  

  

      
  

  

  

  

    

  
  

  
  

  

    

  

                    

  

GSP = a URLS OR OTHER MAC CLIENT 

beads i MAC CONTROL (OPTIONAL 
LAYERS 1 

| APRLICATION pop 

pResentarion| 7 BGM 一 全 
session | _BOGBASE-R PCS 

TRANSPORT 7 é pee 
p? PMA >» PHY 

NETWORK é 7 PMD 

pATALINK | / aN) ! 

PHYSICAL MEE —be 

EE IIIS ERIE Sy 
人 

SOGBAGE-R 

SOGME 250 Gis MEDIA INDEPENDENT INTERFACE. POS = PHYSICAL CODING SUBLAYER 
   AN = AUTO-NEBOTIATION PHY = PHYSICAL LAYER DEVICE 

FEC = FORWARD ERROR CORRECTION PMA = PHYSICAL MEDIUM ATTACHMENT 

LUC = LOGICAL LINK CONTROL PMD = PHYSICAL MEDIUM DEPENDENT 
MAC = MEDIA ACCESS CONTROL 
RD MEDIUM DEPENDENT INTERFACE NOTE. 1~-CONDITIONAL BASED ON PHY TYPE 

Figure 132~1—RS and Mf relationship to the ISONEC Open Systems Interconnection (OSI) 
reference model and the IEEE 802.3 Ethernat modal 

4132.1.4 Delay constraints 

The maximum monulitive MAC Control, MAC, asd RS delay (sum al transmit and receive delays ar ane 

end-of-the fink) shall meet the valuce specified in Table 132-1, A: description of overall systeny delay 
sy 

oonsingints and the devfiritions for bit fines and pause quanta can be found in 1914 and ig references, 

Table 132-1—Delay constraints 

  

  

Moarximuns Muanximeunt ' ras Sublaver ee . : ex Maxinvas (ns 
nblayer (Bit tine} (prise grata} Maxininey (08) 

SOURS MAC ES aad MAC Contal 16 S84 ae BETS:             
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432.1.5 Allocation of functions 

The allocation of fimetions. athe MSOME balances the need for media independence with interface 
simplicity. Tre SGGME masimizes niedia Independence by separating the Data Link and Physical Layers of 

the OS! scven-laycr reference mnadel, 

  

432.4.6 SOGMH structure 

The SO0MI siruchive 1g identical to the CO sinsctare sprcified tS) 1.7. 

132.1.7 Mapping of SOGMH signals to PLS service primitives 

The Recontihation Sublayer (RS) shall map the sionals provided af dhe JOGMUH to the PLS service primi- 
fives defined in . The PES service penn itives provided by the RS and described here behave In 

exsothy the same omnner as defined in C & Pall duplex operation only is implemented at 40 Gbysc 
therefore, PLS aervice primitives supporting CSMAM “D operation are nol mapped through the RA to the 

S0GMIL This behavior and restrictions are the simieas deseriberd in 227, with. the details af ihe signaling 
desorbed in PAZ.4. DPE REQU EST shall nof be set io ASSERT unless he attached link has been operational 

for at least one second (Le. link slatas = OR. according to the underlyme POS/PMA), 

            

  

      
     

EEE capability requires the ase of die MAC defined. in Annex 4.4 for simplified fall duplex operation (adih 
carrier sense deferral. This provides fall duplex. operation but uses the carrier aonse signal to defer transmia- 

sion when the PHY is in iis low power state. 

  

Mappings for the following primitives are defined for S0-Ghay: 
PLS RATA 22quest 
PLUS DATAdndication 
BLA CARRIER indication 
PLS SRONAL dications 
PLS DATA VALID indication 

  

432.2 5OGMH data stream 

  

The SOGMIT data sean has the e characterises ue the COME dae stream. described in 8: 

432.3 S0GMil functional specifications 

The SOGMO fonctions identically to the CGM specified in 815. 

132.4 LPI assertion and detection 

LY assertion and detection fimetion identically to the CGM specified in S( 4, with the single exception 

that dhe PMA sisp signaling is not applicable, 

The operation af DPE inthe PHY sceonires thatthe MAC does nor send valid date fora tin alter LPT has 
beeu deasscried as govemed by resolved Transmit 7), oy defined in 7S     

This wake-up tme is anforced by the transeut: LAY sts diagram using CARRIER SENSE indieation in an 
identics! memoor to that defined in $1.5. with the single exception that the PMA. stop sienaline described in 

Sus not applicable, 
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132.5 Protocal implementation conformance statement (PICS) proforma for 
Clause 132, Reconciliation Sublayer (RS) and Media independent Interface (S5OGMIH) 
far 50 Ghis operation? 

132.5.1 Introduction 

The supplier ofa protocol impienientation that js clainted to comforns 6 Clause 132, Reconciliation Sallayer 
RS} and Media Independent interface ()QGMIED. for SO Gb’s operation, shall ¢ 

protocol tmplemoeniation conformance statement (PICS) proforma, 
    

   PIC 6 S proforma can n be. found i ine 

132.6.2 identification 

432.5.2.4 implementation identification 

  

Supetier! 
  

Contact point dor inguities about the CS! 
  

imphamentation RSS EY; sand vi Si ID aye 

    

     

    

fat identification ER, 

for machines andor operaling 
sp “ 

ChNer prfemation fece 

NaS} and version(s 
syations, Syston Namiefs}* 

  

    

NOTE 1-—-Reqgaited fir all implementations. 

NOTE 2—May be completed as appropriate in meeting the requirements for the idantification. 

NOTE Sine tens Name and Version should be interreicd appropriately: to correspond with a     supplier's terminoloey (e.9,, Type, Series, Mods}. 
  

132.5,.2.2 Protocol summary 

  

Identification of protacol standart 

  

  

  

GE of dm RS ES 

proforma thal have been campleted as part af tus 

  

    
wel { 4     Std BOS Sed AE} 

  

  

Date of Natement       

    
raisase jor PICS profane 1 

bused for lis intended pete 

  

sad dus staadand qury Seely popendicd the PCS profwana in tits subolanse an that oan 
40 and may Ruther publish the comeieied PICS:     
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{32.56.25 Malor capabilities/options 

  

Hen Featurt Subclause Value‘Comorent Status. | Ruppert 
  

SPHY PEN support of SGGME 证 总 QO Yes] } 

Ne 
  

  

    
PRS Reooncilianan Sublayer 132.2 oD 

supporal S}GMH 

  

  

SLPI bnpianeniation af LPI a4 ae             

  

    

132.8.3 PICS proforma Tables for Reconciliation Sublayer (RS) and Media independent 
Interface (SOGMH) for 50 Gb/s operation 

422.5.3.1 General 

  

Tens Feature Subclause ¥alue(Comiment Shabus 
  

meas TETY support of MAC dala rate | TART Suppart MAC data tate al PEPE M 
SO fabs 

  

i Canmulative MAC Cantrol {S214 Per Table 132-1 RAM 
MAC, std BS romud-trip delay                      

432.5.3.2 Mapping of PLS service primitives 

  

  

ea Feature Subelause Valeo Communt | Sites. | Sapport 

PLA Mapping te € PE RAM     
Ye = 

M: 
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133. Physical Coding Sublayer (PCS) for 64B/66B, type S50GBASE-R 

433.1 Overview 

133.4.4 Scape 

This clanse specifies the Physical Coding Sublayer (PCS) that is cammorta a farnily of 50 Gb/s Physical 
Laver paplomentalions known ag SGGBASE-R The SGGRASE-R POR isa gublaver afthe SO Givs PHYs 
fisted in Table 131-1, 

433.1,2 Relationship of SOGBASE-K to other standards 

Figere 133-1 depicts the relationships among the SOGBASE-R aublavers, the Ethamet MAC and Reconcil- 

ation Sublayers, aad the higher layers. 

The SQGRASE-R PCS ix identical ta the 4QGRASE-R PCS gpecified in Clause 82 with the following excop- 
BONS: 

Ty The seminal rate-at the FEC or PMA service interfage is 12 880625: GRASS per PCS lane, rather than 
MES 125 Ghia per PCS lane. 

2) The alennent marker spacing is ntodified such that alleranend markers ate hiseried after every 

20 479 66-bit Blocks on cach POS lane, rather than affer-every 16 383 63-bit blocks an each PCA 

lane a6 desorbed in S207 

3) The definitions of “curront_am”. “am_senmter”, “ber cat” and “sus ter” in the state dlagrans 
defined i 1S are thodified te support the different alignment marker spactig and the different 
sata rate. 

  

   

4). The optingal REE deep Seep capability & not supported. 

433.1.3 Summary of SOGBASE-R sublayers 

Figure 133-1 shows the rehionship of the SOGBASE-R PCS sublaver (shown shaded) with other sublayers 

to the iSO Opet Systern Interconnection (OST) reference mented, 

433.1.3.4 Physical Coding Sublayer (PCS) 

The PCS sereioe interface is the SOG MLL which is defined in Clause 152. The SQGMIL provides SIR 
inteyfaceto ihe Reconciliation Sublayer for all $0 Gb/s PHY implementations 

The SOGBASE-R PCS provides all services required by the SQGMIL 

133.1.4 Inter-sublayer interfaces 

houpper interfaces af the PCS may ronnect te die Reconciliation Sublever through the SOGME 

The lower jnterfuce af the PCS connecis io the FEC aublever. Tithe optional CAOL2 interface (see JINR 

and P35C]) Js physically mstantiated directly bekrw. the PCS eublayer, then the lower Interface of the POS 

tistcad connects to the PMLA, The SGGBA5E-R PCS is based on 4 PUS lanes and has a nominal tote at ihe 
FEC or PMA service interface ODS per PCS lane, which provides capacity for ihe MAC dat. 
yate of SOGHS, 

fi is Important to-note that, while is specification defines inferfices da terms of bits, acters, and Tarmes, 
boplementatings may choage other data-path. widihs for haplemeniation convenience. 
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ETHERNET 
LAYERS 

HIGHER LAYERS 
  

Ost A LLO OR OTHER MAC CLIENT 
  

  

        

  
  

        

  
  

  

  
  

  

  
  

  

                    

    

REFERENCE a i ~- 
MODEL Pl MAC CONTRCL {OPTIONAL} 

— LAYERS ae ae MAC 
| APPLICATION bop RECONCILIATION 

| PRESENTATION pe 

SESSION ae 

TRANSPORT | 7 
pod + PHY 

NETWORK Lf 5 

QATALINK 7 AN! | 

PHYSICAL ME 一 全 

| MEDIUM <> 
Sw. wt 

ag 

SOOM = 80 Gb/s MEDIA INDEPENDENT INTERFACE PHY = PHYSICAL LAYER DEVICE 
AN = AUTO-NEGOTATION PMA = PHYSICAL MECIUM ATTACHMENT 
LLC = LOGICAL LINK DONTROL PMO = PHYSICAL MEDIUM DEPENCENT 
MAC = MEDIA ACCESS CONTROL, FEC = FORWARD ERROR CORRECTION 
MOI = MEDIUM DEPENDENT INTERFARE 
SCS = PHYSIOAL CGOING BUBLAYER NOTE 4—CONDITIONAL BASED ON PHY TYPE 

Figure 133~-1—S0GBASE-R PCS relationship to the [SOAEC Open Systems Interconnection 
{OSH veference model and [EEE 802.3 Ethernet madal 

133.1.4.1 PCS service interface (506M) 

‘The PCS service interface allows the SOGBASE-R PC'S to transfer information to and from a PCS chien. 

The PCS chent is the Reconciliation Sublayer. The PCS Service Interface is defined as the AGGMIE in 

Clause: 132, 

134,7.4.2 Forward Error Correction (FEC) or Physical Medium Attachment (PMA} service 
interface 

The FEC or PMA service interface for the PCS is described in an abaitact manner and docs not amply any 
pantiouar implenientatian, The FEC ar PMA Service interface supports the exchanges of sneaded data 
between the PCS and ihe FEC or PMA sublayer. The FEC service imerfice is defined in 154.2. The PMA 

service oterfaes is defined in. 135.3. 

133.1.4 Functional block diagram 

Fumie (35-2 provides « fanctional block diagram of the SUGBASE-E POS. 

Copyright @ 2017 IRES, All rights reserved. 
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     FADS RADAGEAS 
i “70    

  
& a       

    

    

Dasqranhia 

Z t     

    

    

    

ee Atanment 
Block distinution rt 

二 四 
EN 3 vaorent Lane reorder         

    

BER te 
conker 入 Lane deskow 

        

  

Lane Glosk sy       
¥       

inshiS URPTDATA, frequest iS UNTTOATA. indication 
ive O40 3 for SOGRASE-R}: DSS SIGNAL indication i= 2 io 3 for SOGRASE-R}         = 

FEC of PMA sublayer 

    
Figure 133-2—S0GBASE-R PCS functianal block diagram 

  

133.2 Physical Coding Sublayer (PCS) 

133.2.1 Functions within the PCS 

The SOGBASER PCS shallhave all af the functionality of the 40GBASE-R PCS. specified in (lange 82 
with the Following exceptions: 

') The nonimal rate ac the FEC or PMA service interface is 12 880025 Cs per PCS lane, nuher than 
T3124 Gb’e per PCS lane. 
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2} The alignment parker spacing is modified sich that alignment markers are inserted afer cyery 
20 490 Go-bit blocks 6a cach PCS iane, mater than-afer every 16383 66-bit blocks on cech PCS 

lane as descriied in 83.2.7, (See 1332.94 

3). The definition of “current ani”) “am counter” “ber ont and Re in the state diagrams 
defiged i822. 19 aoe niodi fied a account for the different alignment marker spacing and the differ- 
ent data rate, (See da3.2.4 5 

    

  

45. ‘The optional deep sleep moda of EEE is not sapparted, 

133.2.2 Alignment marker insertion 

The aligament marker insertion for die SOGBASE-R PCS is identical tw the alignment marker msenion for 
the JOGBASE-R PCS described int S227, with the exception that the alonment markers shall be inserted 

affer.every 20 479 66-bit blocks on awh PCS lane rather than afer every 16 -383-66-bit blocks on each PCS 

lane ds dioseribed in. $25.7. Aflenment marker insertion is Hlustrated In Figure 153-3 and Fleure 153-4. 

     

  

  

FoStaneO lech Block ts [| [een Biche |i [Mecert |] [sspeicxa |] [es gecko]   

PGSilane 1  fasbeiow 13 [Peer siocse [][Manert |] [sepainas [| [sar sion? || 
  

  

  

POS LENE S — leah Block 14 |] [S80 Sine 10 |] | Marker? |] [eee Block a |] | Geb Block? ff 
  

  
POS Lana d | SS Bl i | 888 Fics 8 | i | Marker 3 ii i Gb: Black oan if | eet Block 3 ii 

  

  

Figure 133-3..Alignment marker insertion 

yc dignment marker 

  

  

  

  

  

  

  
  

  

pes Lane 0 CTI WIE 

POS Lane t IT TRIN rr th OTe IE Ih 

POS Lane 8 TTT ee 

ecs iene? (IIE. eA et TS | = ape 

230 479 blocks between alignment markers 

Figure 133-4—Alignment marker insertion period 
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The format af the S@GBASE-R PCS alignment markers | is + Hentical tothe format af the 4GGQBASE-R PCS 

alignment markers deseribesi ip 82.27 and shewn RES 8 

  

The comental the SROBASE-R PCS ahanmient markers 这 identical ig the content of the 4QGBANE-R POS 

alignment markerg desorbed tn 82.2.7 and shown in’      

133.2.3 PCS lane deskew 

The SOGBASE-R PCS reesiver shall support a niaxinunt Skew of 49 ng and a maximam Skew Varlation of 
Qbns. 

Show and Skew Variation are defined in J3 14. 

133.2.4 Detailed functions and state diagrams 

  

The state diagrams ave identical to those for he 4UGBRASE-R PCS defined in with the exception that 

aante variables, counters and thers are redefined as follows: 

OU rent gm 

‘This variable halds the hme number af the cuirent aliosment marker, This is compared to the 

variable Tiet_am to determine i ae have aitemment marker lack and is abvays p20 486 

46-bit blocks away front the first ama, 

ain_-cnanigr 
This counter counts 66-bit blocks that separate two consecutive alignment markers, The temt- 
nal cna is 20 $79. 

‘This coudier-countg-ap fo a inanomian of OF af the niber af Invalid sytic headers within the 

current | ims feria. 

XUS finer 
Tier that is igecred every Pray + Pe, ~28%%, 

133.3 Belay constraints 

The maainum delay coniributed by the SOGRASE-B PCS (sam of Panam and receive delays atane and of 

  

the bak} shall be no more than) 264 BT 22 pause quanta or 225 
delay consiraiits and the definitions for bir times and pause quanta casi be found in 131.4 aid its references, 

28ng) A deserition af averall system 

  

133.4 Auto-Negotiation 

The follows requirements apply to a PCS used with a JOGBASE-CR or SQGRARE-KR PMD where 
sugpart for the Auto-Neeatiniion process defined in Clause TS ds mandatary: The PCS shall support the     

     
  

    primicive AN LINK indication(link: status) (see | The parameter link: status shalliake the value FAIL 
whee PCS: status=filse and dha value OR whee PCS. status=tnie, The priniitive shall be generated when the      

vahie of link Siatus changes, 

Gopyight © 2017 HEE. All rights reserved: 
This San unapproved IEEE Standards draht, subject te change: 

BSG

Marvell Semiconductor, Inc. - Ex. 1002, Page 000195



Dral AmendmentioiRE Sid 802. 2-2045 EES Gea PBO2 Bcd 2 
TERE POM? Jog Taek Forse ord-February SN? 

135.5 Protocol implementation conformance statement (PICS) proforma for 
Clause 138, Physical Coding Sublayer (PCS) for 64B/66B, type SOGBASE- Re 

433.6.4 Introduction 

The supplier of a protacel iaplemtentation that is chulmed i conforni to Clase 133, Physical Coding Subs 
layer (PCS) far 64B/66B, type SGGBASE-B, shall completes the following protocol implermeniition confor 
marice statement (PICS) proforma, A detailed deseription of the symbols used | ti the PICS proforma, dong 

with instructions for completing the PICS proforma cin be found ie! 

  

  

433.5.2 identification 

733.8.2.4 lnplementation identification 

  

Supplies! 
  

Cuniset point for taquiries about ile PICS! 
  

— RN 
lomeniation Name(s} and Vorsion(s}"" 

  

  

    ‘os fill identifieation—oe,, 

    
   
    
if TE ~ vi be os 
SEE an Ver “ESO a ahoald ‘be: anal» apprise rat 
   

    
thy w ccerespoal: with. 4 supoiee’s tenamal-     Hype, Series, Model). 

  

133.5.2.2 Pratacal summary 

    
  

   

  

identification af protocol stundard 

  

ab Coulig 
Sublayer | PLS) for ore 6. ivpe SUGBASE-R ¢ 

  

    

  

jdemification of smendmonts and gorrigenla to this 
TS profane that heave been completed as part of this     

Re eu ‘      
  

  

Date af Sigtement 
        

  

    

  

for PICS peofooman: Users af this standand way Sree! duce the FICS profane in this subclause aa that 8 can 
becused for its intended porte and say futher publish thie comgahered PY 
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433.5.3. Major capabilitiesioptions 

  

Feature Subchrgse VahadCanmnant Support 
  

Suppovis SOG ASE-R PES 

fanctionadity 
M vest | 

  

SOUMI agical ieerdice 

  

Lagioal interface 3s supported 

  

MDIO Registers and interface 
suaiporied: 

  

connected ta 3 PMA 
  

directly 
veblayer 

Supports aperatix 

  

   

  

      Aupeaits test-pations mode 

  

      

  

    

133,54 PICS Preferma Tables for Physical Cading Sublayer (PCS) for 643/668, type 
S0GBASE-R 

433.8.4.1 Coding rules 

  

Featere Subtlauae Value ment Shetas i Support 
  

  

本     

  

  

    Jecuder (and PECODE 
feackan) Iniplements dhe cade 
as spectiiod 

    

  

  

  

   

  

  

SR 

  

ms ' Onby valid block oypes are M Yes ty 

| transmitted. 

C4 | Trvulid blsch types are treated M 人 
B38 2h 认定 

ts M Yeap] 

  

Tovadid centro! characters are 
frosted sa ah EN 

  

  

idies do not nites data 
  

TOLLE contral code insertion 
and detec.   

  

Insertion or Deletion in groups 
al 
     

    Sequence ordered set deletion:   
  

  Onh one whole ordered set of 
Ave COMSEERTIVE sequence 
ordered sets may be deleted         

ESS 
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Feature Rukelaase ¥atue Comment Sivas | Support 
  

Serambdex 

  

TOE BY 

   
M 

  

Descrambler   

ft
 

we
 

  

  

  

  

        

133.5.4.3 Deskew and Reordering 

  

ean. Featare Valuelmnaent Status Suppoct 
  

DRL Deskew 
   

  

thE 
Ablk te deskew uyprio the value 
   

M 

  

  

  (HE ~ | Receflering   

  

  

  

Parlors reandering.         

133.5.4.4 Alignment Markers 

  

‘Ren Festere Subchorce Valne/Conunent SOarhis Support 
  

AMI Harment maker bsertion 

  

328 Abguient markers are 
inserted periodically as 
descebadte sechon 1332.2 

  

   

M 

  

AMR: lizdamenl marker fannal 

  

Alignment markers are fonued 
as described ty Fi 8 

       

M 

  

AMS 

  

    

  

  

  

  

  

  

  

    

123.5.4.5 Test-pattern modes 

  

Feature 党 Subclariae Vath Comment 
  

   
   

saL-paliorh BENOIT 这 

baplermented 

  

BorRorttig as nt 

    

     

   

fr sembled idle receive 

nations checker SR 二- 

    

Perlanme as in 

  

  

“fransnf acd receive 

idatation modes can 
operale siitansagshy 

OATS 

  

    

  

    ES   
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Hes Feature Subclaunse Yale Comment Status. | Support 

j Bi | Seimei fit order mi SR af H Bite i inte fhe PES 1 M Yaa fd 

j RE Keoave biiorder M Yes fj 

133.5.4,.7 Management 

tem ‘Subclaase Value ummrent Shuus. | Suppart 

MI A a 

133.5.4.8 Stale diagrams 

Tten: Featere Subekouse Valock nemment Statas Support 

i SM} SOGBASE-R Hock Lock P24 - buplements 4 binek fock M Yeah] 
as depend tz 

i SMa a evalns N 
ES 

RS SQGBASE-R Aliomment M ¥es {I 
Marker Lock 

j SMa The AM. SLIP Rewhens ok: | 133.04 Af Yeaf 
bates all possible Blacks 

上 SMS SGGBASE-R FCS deskew P Misats the requiretienty of M You ft 
state chagrin wid 

j SMé oR Monier }33.24 Meets the 让 cqquisenients of M ¥es [J 
并 Swi 
us timer done aeihio fms 

j SMY S005 ASE-R Lamont pranesy | 233004 ee REN af M Yes {3 

j BMS SOR ARPE-R Receive process {S324 herendirements of NS) Yes?)         
  

        

Bag 
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Feature Subkclause Vatue. Connnent SS | Support 
  

: Sepperts loopback 

    

Periornrs as 5: M 
  

in danghack, transnails 

poe ihe    

  

    

  

  

  

Perkins as in sit 

        

133.5.4.10 Belay constraints 

  

ean. Featare 

  

Valuelmnaent Status Suppoct 
  

TI ¢ RCS Delay Clanstraiat 

  

      path delays 

Neoxiore haar 1) 264 BT for 
Shr of damernit aad reserve 

  

      

  

  
Ad 

      

  

  

Festnre Status | Sapepert 
  

          
Support for pas wih a 
IGBASEACR 0 

  

RBG    

  

人 

  

   
LINK Indication primitive 

  

Chase 

    

    

Suppert of 

  

  

  

Ink, stains parameter Takes the value OR er BAIL, 

ag described in 82.6 

ANM 

  

     
     

  

oration of 

Salon prune 
S DENK aad       Heneraied when the value af 

link status changes   AGOM       
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134. Reed-Solomon Forward Error Correction (RS-FEC) sublayer for 
SOGBASE-R PHYs 

134.1 Overview 

1414 Scape 

This clause spendlios a Reod-Saloraan Forward Error Correction (RS-FEC) sublayer for SOGBASE-B PHYS, 

        “BPH Ys is idemical tohe RS- 

hAWwing exceptions: 

The RS-FED sublayer for SOGBAS 
apceified in Clause 91 wath the tol 

1) The service interface has four PICS lanes instead of 20. PCS lanes 

2) Tramly unplensents the BS¢S44 514) Reed-Solomon. encoder aption defined in & oh 

33 The oagetofthe Reed-Solomon eticader is distibmed ta nyo PEC hanes, Elise than dee four FEC 

lanes described in & 

  

. Sublayer kur MGRASE-R PHYS     
      

    

4) The alignment marker processing is modivied to account for the diflerence In the aligunient marker 

format benveen the SOGBASE-8 PCS cChause LSS) andthe LNOGRASE-R PHS (Clause 82), for the 

fact that the alignment markers are mapped to two FRC lanes rather than four FEC lanes, and for the 

fact that the alignment marker mapping ui the ove FEC lanes nceds i maintain a 10-bit alignment. 

The definition of some of the variables and counters for the siste diagrinis in 91.44 are modilied to 

support the difiercat alignment marker spacing and the diferent nurpber af FESS Janos 

4) The dates identified as.cptional in dhe FEC synchronization Stat diagrant in 

ase mandatary for the SOGBASE-R RS-PEC. 

ty: ‘Phe optional REE deen sleep oupahibty is nat supported. 

tn
 

w
t
 

  

  

&) The optional PEC bypass correction featare i not supported. 

134.1,.2 Pasition of RS-FEC in the S0GBASE-R sublayers 

Figure 134-1 shows the relationship af the RS-PEC sublaver to the ISQVIEC Open System: Interconnection 
iCeST) reference model. 

134.2 FEG servine interface 

This subolause sper fies the services provided by the RSPEC sublayer, The service Eee ia described in 
anabstract manner and does not imply apy particular inplermentation. 

The FEC service interfice is provided to allow the PCS to iansfer information ia and froma the RS-PEC. The 
PCS.may be commected-io the RS-FEC using an opuonal instantiation of the PMA servies interface (sce 

Agnes 1358) inwhich case a PMS. is the client of the FEC service interface. 

The FRO service interface is an insianee of the inter-sublaver service interface defined in P3135. The FEC 

service Infertkce prhiiives ave summarized as follows: 

FECES UNITDATA. Fregiiest 
FECUS UNITOATA ‘indication 

FECTS SHONAT indication 
     

  

‘The RS-PEC operates on four pandiel bit steams, hemes fs Gta 3, 
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ETHERNET 
LAYERS 

HIGHER LAYERS | 

US! # LUG OR OTHER MAC CLIENT 

REFERENCE : grainy saber 
MODEL : MAC CONTROL (OPTIONAL 

LAYERS i MAC 

APRLIDATION i 3 | RECONCILIATION \ 

SESSION i ; SOGBASE-R PCS ; 

TRANSPORT 

NETWORK 

CATA LINK 

PHYSICAL 

S0GMI = SO Giis MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MECHUM ATTACHMENT. 

AN = AUTONEGOTATION PMD = PHYSICAL MEDIUM DEPENDENT 
LLG = LOGICAL LINK CONTROL RG-FEC = REED-SDLOMON FORWARD ERRGR 
MAG = MEDIA ACCESS CONTROL CORRECTION 

MO = MEDIUM REPENDENT INTERFACE 

POS = PHYSICAL CODING SUBLAYER NOTE 1--GONDITIONAL BASED ON PHY TYPE 

PHY = PHYSICAL LAYER DEVICE 

Figure 134-1-—-RS-FEC relationship to the ISOHEC Open Systems Interconnection (OS) 
reference model and the IEEE 802.3 Ethernat modal 

The PCS or PMA contizuously sends four parallel bit sireame to the RA-FRC, ane per PCS lane, cach ata 

nemitel sigtaling rate af 12890628 Gb’s, The RS-PEC continuously sends four parallel bit stresuns to. the 
PCS or PAA, one per PCA lane, cavh ala noniinal slanaling rate of 12 880625 Givs. 

  

or PAIL. The value is set to OF when dhe PEC receive fanction has identified codeword boundaries as indi- 
sated by fec. alten, sistas equal to iruc. That value is set fo FAT when the FEC receise function is unable io 

reliably establish codeword boundaries as ie by feo align stanw equal so -false. When SIGNAL OF 
is FAIL the m_ bis parameters of the FECHS LINITDATA. i indication printtives are undefined, 

The SIONAL ON parameter ofthe PECTS SIGNAL bidication primitive cart take one of teeo vais; OF. 

134.3 PMA compatibility 

The RS-FEC sublayer requires that the: PMA service mbcrface consist afoxactly ben upsireain FEC lanes 
and exactly two dewnstream FEC lanes, with each lane renaming at 8 porminal signaling rate of 26.5608 Ghs, 

Therefore, the RS-FEO sullaver may he a chent of the SINFBASE-R PMA sublaver defined in Garse 135, 
when the PMA service inlerface width, pis set be 2. 
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134.4 Delay constraints 

The maximum delay contribuied by the RS-PEC sublaver (sum of transmil anid receive delays at ene ond of 

fhe inky shall be no more than 23-600 bit tines (50 pause quanta or 312 ns)..A deserlpiion of overall system: 

diay cansiraines and the definitions fer bit tines and pause quanta can be found in P31.4 and its references. 

134.5 Functions within the RS-FEC sublayer 

134.6.1 Functional block diagram 

A Rinctional block diagram of tie RS-FEC sublayer ts shown in Figure 134-2, 

134.5.2 Transmit function 

434.5,2.1 PCS Lane block synchronization 

The RS-PEC transit fiaction forme thar bi streams by concatenatiig the bis from cach of the four 
FECUS UNIFDATA, Arequest primitives in the order they are received, 1p obtains lock to the 66-bit blocks 
in cach bi stroan using the avd headers and outputs 66-bit blocks. Block lack is obtained as specified in the 

block Jock state dlagram shoven in Pigare 82-12, but asing the variable definitions from 133.2.4. 

  

   

134,.5.2.2 PCS Alignment lock and deskew 

Once the RA-PEC tranentit fimetim achieves block lock on a POS dane, if then begins obtaining alignment 
marker lock as spacified by the alqnitient marker Jock state diaeram show! in S, but using the 
vetiable definitions from T33-2 d-This process Montifios the PCS line narmber re d-an.a-pariicular inne 
ofthe service interface. After abenmentawuker lack is achieved an all four PCS Janes, all inter-line Show is 

remaved as specified by the PCA deskew State dlagnam shown in Figure RS bat neing the variable defini- 

Hons from (53.2.4, The RS-PEC iransinit function shall support 4 maximum Skow of 40 ne and a SHU 
Skew Variation af O.4 ns, Skew and Skew Variation are defined in 1374. 

   

    

434.5.2.5 PCS Lane reorder 

PCS lanes can be veeeived an different lanes af the service imerfsce front which they were originally trane- 
initted duc to Skew between lanes and ninlugplexing by the PMA. The BS-PEC tacanit fection shall order 
the FSS lanes acomrding to the PCS lanes number, 

134,5.2.4 Alignment marker removal 

After alP PCS lanes are sliened and deakewed, the PCS lanes gre multiplexed together ia the proper order te 

renanstruct ihe arigingl stream of blocks and the alictment markers. are resioved from the data stream, Note 

thal ay alismnent-ourker is always removed when am: lock ie for a.given PCS lane even. ia dass not 
maich the expected abgrunent trarker value (hue to. a bit ertor for exanipie). Repotted alignment marker 
errors result Ioant dock eing set io false for a give POS lune, bul until that happens His sufficient fo 

remove the block in whe ahenment marker position. 

As part of the aheriment tarker removal process the BIPy field is compared to the calonlated Bie fnter- 
jeavedd Parhy (BIB) vahie (sce 82.28) fer each POS dane. [fa Clause 48 MOYO ie noplemenierd, dhen the 

appropriate BIP error commer register (registers J 230 te 1.233) 4s ineremiented by ome cach ume the calcu- 

listed BIP ASH does not sequal the valuc veceived in the BIP, field. The incoming bit ertor ratio can be est 
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FECdS UNITDATA, 0. request ip PEC UNITDATA 0 indination to 
FEC IS UNITDATA. 5 request FECUS UNITOATA 2 indication 

a. 

PCS Lane block Adgnment - 
synchronization insertion 的 

& 

y | 
Ps Siigninent SRSR Block 

and deskaw stibution 
ry Allgnmertt 

¥ | mapping 
* 

PCS Lane reorder Franscade 下 

3 
¥ 

Alignment Alignment 
formal removal 

a 

¥ 7 本 人 

et | Alignment Réed- Solon. 
HESOSCOGE Mapping decteler 
人 oC 

¥ 
RE 、 
inserion FEC Lane yeorder 

a 
Wy nee 

Reed-Solorian FEC Alignmerd lnck 
ereodet: aml deshay eiad i 

于 

SYS 
Hsiibution 

7 RS-FEC sublayer 

PMAIS UNITOATA 0 request iw PMAIS. UNITDATA 6 Indication io 
PMATS UNITDATA. treanest PMANS_UMITDATA 3 Indication 

| PMAIS_SPGNAL indination 

  

  
PMA sublayer | 

    

Figure 134.2.Functional block diagram 

134.5.2.5 648/668 to 2568/2576 transcoder 

The 64 B/668 to 2560/2575 transeader is identical ta the transcoder far ite JOGQBASE-R RS-FEC sublayer 

  

defined pio} 
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434.5.2.6 Alignment marker mapping and insertion 

The alienment markers that were removed per 1545.24 are re-ingertad after being processed. by the align- 
them marker nipping Binction. The alanine marker mapping fonclion compensates for ihe operation of 

the symibrd distribution function defined in 134.5.2.8 and rearranges the alienment nyitker bits-so that dey 
appear on the FEC ianes tntact and in. the desited sequence, This preserves he ropemics of the alignment 

ES (eg, DC balance, tarisition deneity) and provides a detenninis for the prrgose of syn 
chronization at tie receiver, The RS-FPEC receive finction wses know ledge: of in mapping to determine the 

FEC lane that ig meceived on a given Jane of the PMA service interfies, to norpensate for skow betwenn 
FRC lanes, and io identily RSWPEC codeword boundaries. 

    

The alignment marker mapping Aimction operstes on a group of four allened and reordered alignment mask- 

ers received from the POS, Let am. ix asd. be the alignment marker for PCS lone, ic 3, where bit 
Qis the first bit mansmelted. The allgnanent murkers shall be mapped to am ixmapped<240:0> In a manner 
thatyiekds the samme result a5 the following pmcass. 

Fores) to 3, anyp is 65:0 ig ognginucted ag Follows: 

~~ Selye 6 whens < 1 otherwise sels =v, 

at ig May. My. and My, as shown ip | 

8 for Ce SS ‘ate miniber ye 

  

   
noe RNP Pe eS 2d> = at ix aah 

ess: 325 is set in My. Ms, and My ag Shown in: Meure 82-4 

S jane nambery 
oO 3) using the-valuss     

  

     

  

aia IX ESOS; SE 

with ihe values from: S2s3. Tn addition dt aubstiinics the fined bytes af the alignment markers corres 

spending be PCS fase | with the fixes bytes forthe allaament marker carrespanding to PCS lane 和 The vari- 
able bytes of the alignment markers received from the FOS (BIP, and BIP.) are unchanged. This simplifies 

the syuchronization process at the RS-PEC receiver, ag the receiver only needs ty search for the fixed align- 
mont marker byies corresponding to PCS lane Gon each FRC lane. 

  

am Drpayloads<O, 129-0 and ane tvpayloads<1125°0> are then cansiacted thom amp in ae follows: 

oo BI tapayvlodds<G, G350> = gap te Osa > 
   

~~ a iepayleade<@, 127645 = amie te, 2663.0 

~~ {oi Inpayloads<0, E20 1 28> = amp in JST Age 

aa ain “xpaytoads<t, 63:05 ss amp be IX 63a 

  

7 ar_tspeyloadss] pou5d> = sanip- ie Ss Say 

wim Bi denaylodds<<] 125: [205 = aiyp iK FS: 3R> 

This process is an intermediate step in the generation of am-tinmapped 25602, and ie insindad in 
Fieure 134-3, 

Given dda): MAie Ph and yeurrad: ant. es sdk 285 .0~ is constricted frontam: Ixnpaytouds ae follows: 

woe TPG <5) then am: tmapped*{10r teh I = am ipayloads<) (LOA+9» Lies 

oa way Banapped 258 2505 = ec 人 

A 1-bil pad is appended ts the mapped alignment markers to yield the equivalent of aug 257-bR block, The 
pad OH, am inmapoed<246>, shall be set-to-G or Linan alternating padert. 
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am. tximapped<2Sic0> is iseriad ite the data path pre to the Reed-Solomon encoder (see Figure 1344) 
every 4 8 20-480 68-bit blocks, con responding to every | O24 Reed-Solomon codewords. The mapped alfen- 
mient markers, am_temagped<2si> shall De inserted as the fire: 287 message bits to be transmitred avery 
leith codeword. The firet 287-bit block iiserted afler am lxmanped shall correspond to the four 46-bit 

blocks reesived on PCS lanes 0, 1,2, and 2 that pnmediately followed the alignrnont nrarker on each reapeo- 
tive BCA lane. 

       

  

  

The reault of thie algament! mapping process is that afer Reed-Solomon encoding and-symbal distribution 

     

      

(i345,2,7 and 134.5.2.8 respectively}, the allenmoent marker hit pattems shoe in Fiture 134-3 appear on 
the wo FEC quipat lanes and aligned with the start afevery LO PEC codeword. The FEC receiver uses 
this cmfarnmtion to loch onto the tea PEC lanes and Rat the FEC codeword boundari¢s, 

An additional rosalt of this ahleniment mapping prooess, is thal the BUPy and BUPs fields Trani normal PCS 
alignment TS are e carried: Acton the Hk protected by FEC. Those fields cannot he used iG monitor 

SO68B to 236B/2578 wanscading gad Reed-Solomon encoding 

  

     

   

alters the hit sequence “Howeve ey, “these fields may agsin be used to monitor errors after ihe original hit 

sequence is restored, ie following Reed-Solomon decoding and 2568/2578 to 64B/66R transcoding. 

  

  

       
  

          

PEC Reed-Solomon symbol index, & (1G-Git symbols) 

Lane ; 7 
balsas belyia Sra aise} 148] 46| 17] 38] 49 

Laned arap, by O63} wimp ig 26s). 
oe ay exo. SS i _stvenitind 

Laned . arp, by 198:93) , amp be 50:65 98:63} L NN 
3 631.0 Sis N,   

  

  

SS te SS EF} ¥ 

  

  

  

  Start of FEC. codeword 4x 257-bIEAM block {indiuding t bk pad} | Nt sbit pace 

Figure 134-3-—Alignment marker mapping to FEC lanes 

434.5.2.7 Reed-Solomon encoder 

  

The Reed-Solamon encoder is identical to the RS(S44,3 14) Reed-Solomon encader defined In 

434.5.2.8 Symbol distribution 

Qnoe the dap has been Reed-Solomon encoded, iis distribuied iy two PEC lanes. one 10-bit: aynibal ar # 

hme in a round robin distibyution thom the lowest a the highest numbered FEC lance. The distribution pra- 
eves is-chows it Figure 134-4. 

434,5.2.9 Transmit bit ordering 

The transimir bit ordering is iiustrated in Fleurs TS4—1 

134.5.3 Receive function 

434.8.3.1 Alignment fock and deskew 

The RS-FEC seceive fimeiion forms two Wii streams by conestemating the bits fronr cach of the hwo" 
PMACS UNITDATA. 7 indiontion primitives in the order they are teceived. Ht abiaime lack to the aleatnent 
rogrkers as specified by the FEC synchronination state diagram shown in Fimure 91-3, but using the variubie 

defhuitions from 134.3.4, 
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From Aligninerd removal 

BS 

  
g beaded 0 gd ix_ooded_ 1g 23%

. 9. i scded 2 adg bended _3 ae! 
  

§ 

EMB/SGE ip 2S0R/S57 8 iranscader: 

  

      

.     
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Figure 134-4-—Transamit bit ordering 
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After allenmoent niarker lock ig achinved the two FEC lones.all inter-lane Bkew is remeved as specified by 
the FEC alignment state diagnam shown inf) Sino. The FEC receive fimetion shall support a maximum 
Skew of P80 ng bepween FEC lanes and a maximum Skew Variation af 4 ns. 

  

    

434,.5.3.2 FEC Lane reorder 

  

T34.5.2.6), The FEC lane manber is defined by the scquetion of ea akens that are re mapped io to-canh 
FEC lane. 

After all PEC lanes.are-abgned, deskewed, and reordered, the PEC Janes are maltiplesed tegether in the 

proper order foreconstruot the original siream af PEC cadewords. 

134,5.3.3 Reed-Solomon decoder 

The Reed-Aalomios decoder extracts the message symbols from: the codeword, comects then ae necessary, 

and discards the parity svinibols. 

Te A FEC sublayer shall be capable of correcting any combmation ofup to 15 symbol etrors m a cade- 

word: The RS-FEC sublayer shall also: he capatie of iulicating who an errored codeword was not cor 
rected. - he py Dai that the decoder fails to indicate @ codeword with (41 errors as ancorrected is not 

expected to excead 1°. his limit is also expected te apply for #2 errars, 16% errors. and se on, 

  

  

The Reed-Solomon decoder shall indicate errors to the POS sublaver by intentionally carnpting 66-bit 
block synchroniation headers. When the decoder determines that-a codeword contains cvrore that were nat 

corrected, if ensures that fer every olher 257-bit block within the ondeword starting with the First fist, 3rd, 
Sth, ele), the aynchroniaition header for the first O6-hir block ar the outpar ofthe 2368 
transcoder, rx coded G< 10>, i6 set ic 11. Is addition, a shall eaistire f coded f Os co eéponding 
fo the second 2S7-bit block and gy, coded 3<1-& corresponding to the lase (20th) 257-bit Black in the cade. 

ward are set to PL. Setting tx code ad Re ie TL as deseribed caases the PCS to ASSEN R BLOCK... ~ 
TYPE=E tothe 66-bit Block and decade Hs content as EBLOCK Rises « Au and < IAS} 1 This 

RSS the PCS to discard all frames 64 bytes and lareer that are ful iy ar partially contained ithin the cOds~ 

ward. 

  

           

  

    

   

           x 
    

The Recd-Solomon decodet may optionaliy provide the ability to bypass the error indication feature to 

redace the delay contributed by the RS-PEC sublayer: The presence of this option is indicated by the asser~ 
tion of the FEC bypass indication ability variable (eee 134.6.2), When the option is provided i is enabled 

by the asserting ofthe FEC bypass indication enable: variable (gee 184.6.1), 

       
       

When FEC bypass indication: enable us aggeriad, additional ertar monitaring i performed by the RS-FEC 
aublaver fo reduce the likelihood that errors ina packet are not detected. The Reed-Solomon decurder coun 

the number of synibol orrors detected in coansecative nda-dverlapping blocks of 8192 codewords. Wher the 
number of symbol errors ina block of $182 codewords exceeds 6380, the Reed- Solomon decoder shall 

gaase synchronization Reader rx Code of each subsequent 66-bit Isioek thet is dciverad inthe PCS to 
be assigned a value of Gor Uh fora period af GO mete TA ims As a result, the PCR sets hi ber = tras, ® ic 

inhibits ihe processing of received packets, When Auta-Negatiaiion is supported and enabled, asser 
ha ber causes Aulo-Negotiation 1 reshet, 

    

134.5.3,4 Alignment marker removal 

  

The first 287 mieseage bits in every id codeword is the vector am remapped<25a0)> where biG is the 

first bit received. The spcoife cndewards that inchule thls yeetor are Indicated by the alignment lock aad 
deskew function (aée 134.5.39.1). 

Re 
he 
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The vector am rxmapped shall be remued priar to tminscoding. 

134,5.3.5 2568/2578 to 64B/66BR transcoder 

The 2468/2578 to 648 /66B wansoader is identical to the iranscoder far tie WOGQBASE-R RS-FEC saldayer 
defined mm OLS! 

  

434,6.3.8 Block distribution 

  

After the data has been manaceded, 11 shall be distributed te four BCS lanes, ane Gt-bit block at a time in a 
round robin dist ution from the lowest to the highest mumbered PCS lanes, The distibation process is 
shown int 

  

134.5.3.7 Alignment marker mapping and insertion 

The alignment marker mapoing Aimction compensates for opcrason of ibe Jane reorder fonction. (see 

TMS 2.3) to daive the PCS lane aligvauent markers, any re 28650 for oO te 3, Eur am re- 
nipped <256.0> (aechad. 33.4), 

The alignment markers shall be derived from. am rananped<255: 
as the Plowing pracess 

  

OS ita manmer that ylolds the same resalt 

Given 0 to 1, Oto dg, and pe 2h, am repayloads is-consmucted fram am_ pimapped as follas:. 

~~ fg < 25) then am. rpayloade<, COATS IOS © am remanped Choy Pye 

SSE 
   

a rspaylodds<] 1257128 = arm -pamap pads: 

The one bit pad am. ramapped<256> is ignored by the naceiver, 

Fore=0 to, amp_ rs scGs:0> is constructed fran am nqnayloads as follows: 

oe arnp os diese am repayvlonds <u Ge 

  

—~ ate ts 1 

ase BDED PK OG 

oo Hep re OSSawe am. repayhiade<d, PTS 

(bess gmt rxpaylondss] Gh 

= ain mpaylaades@, 127d 
   

—— gp re SAN PAGS = amr repeyiggdssO P29 28>    
     a aap py 3<G3.S8> = any repawinade dh, P25 120. 

For eth to 3, RS ds nonsiznciad as flows: 
  

    — girs este! and am re 38) 

om FOE EK DAE Us set fo My, My. and My as shown in f Syusing the values in 7 

PCS Inne TEST x 

  

    ~~ SRE TS 2336S = amp ts esd) isd. 

— am re 2sS734> is set to My. Ms, and Mg as shown in 
for PCS fane number 3s. 

ve . QNLK SOS > = amp px eG S6> 

using the valnes hd 

    

Que vector is mmapped to far alignment markers avery ] 024 Reed-Solomon codewords (sec 134.4.3.4). The 
alignment markers are simultaneously transmitted on. the for PCS lanes aficr every 20 479" column of four 

86-bit blocks. 
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The aligraient markers am ta 3 shall be inserted go that they ars dmmidiately flowed by 
re coded. Oto re eoded 3, respetively.as derived from the first 267-bit black Pole Wig ah. remanped 

134.8,.3.8 Receive bit ardering 

The réceive bit ordering a8 i Hustrted 4 an Fipare 154-4. This idustradon shaws the case where the PEC lunes 

appear across the P . i idiontion primitives in the correct ander. 

  

434.5.4 Detailed functions and state diagrams. 

7
 ‘Hie stite diagram, Inchading the associated definitions of variables, Aineciions and Routers ace identical to 

those for fe TGOGBASE-R RS-FEC sublaver defined in G1.S.4, with ihe exception that some of the vari- 

ables and counters are redefined to accoant for the differences in alignment puarker spacing and mumber of 
FEC lanes. 

      

In addition, EEE optional deep ieee capability 1s nol supported for SOOBASE-R PHY s and therefore any 

reference tu the optional EER deep sleep capability in 91 34-can-be donored, 

434.5.4.4 State diagram conventions 

x The state diagram conventions are identical ic these defined in 815.4 1: 

134.5.4.2 State variables 

134.8.4.2.4 Variables 

This following vaniables ave redefined from what is deseribed in G1.5.4.2.4) 

aap walid 

Boolean variable that is setin due the received 64-bit block is a vadid alignment miarker pay- 
load. “The alignment marker payload, mapped to an FEC lane according to the process 
described dn L 34,5,2.6, consists of 48 known Bis and 16 variable bIG (dhe BUS ficld aad its 

cordplement BIP? coe! 'y. The bits.of the candidate tock that are in the positions of the 
known bits the alignment marker payload are compared on aimbble-wise basis (12 compar 
sone). Lo more than Savbites in the candidate block {sll io maich the corresponding known 

mbbles io ihe alienment marker payload, the candidate block js considered a valid ahiemmnent 

marker payload. Each FEC lane compares the candidate black lathe allenment piarker payload 
far PCS lane 0. 

amp Jock<s> 
Boolean variable thatis set io true when the receiver has detected the location of die alignment 

marker payload SEE for a givett lane an. the PMA sorvine miceiace, where O01, 

  

feo lane 

Aowaniable that helds ihe FEC dene auniber (0 to 1) received on lene » of the PMA service 
interfer when apips. lack<a> = tras: “Phe FEC lene somber is determined ly the alignment 

tarker payidads in ihe 3nd position of the sequanes based om ihe miaporis defined: in 

134.5.2.6. The 4% bits thet are in the positions of the known bits im the seceived allenment 
marker payload are compared to die expected wahies fora given payload pasition. and F PEC ats 

up. a nibble-wise basie {12 comparisons). [Pao mere than 3 nibbles in the candidate block fad 

toumaich ihe comesponding known nibbles on a given PEC lane, then the FEC lane number is 

assiened aecordinshy. 

        

feos tpi fw 

Bonisan variable that oomtrols the behavior of the Eee LPI and Reeeive LPT state dia- 
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ty ix Strambled 区 es 
  

  

SUM TASPPAG g           

    

                        

和 Alignment removal 

Ps e4 Pty 

L vo i 
ae S 

| RARSSRREE a 

      —H “Reed-Solamoan deceter 
  

  

      
                  

        

  

    
Gy ae Saag 

Rss Sas 

Rak SA 

oy Sy         
i 

PMA: UMTDATA 0 indication r 

PMA: UNEFDATA, indication 

[ 

grams. This variable is set t¢ true whon the local PCS is configured ta use the fet wake mach- 
arisrn snd setto false otherwise. This variable shall ahwaye be set to true. 
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fec_septional slates 
Rodiean variable that ia always set to druc io indicate that the optional afates in the FEC syn- 
chronization state dlagram in. Figure G1—S are implemented, 

434,8.4,2.2 Functions 

‘Phe fimotinns sre identionl to those defiried in 4 

  

4345.42.35 Counters 

This followine counters are redefined from what is deserihed in 91 A420: 

sany_oounter 
This counter counts the | 024 FEC codewords thar separate the ends of nwa consent ve tor 

pilalignment marker payload sequentes. A FEC codeword is 2 T20 bls per FEC lane 

134.5.4.3 State diagrams 

  

The state diagrams gre identical io those defined ins) 

134.6 RS-FEC MDIO function mapping 

The aplicnal MDIQ capability deseribed mn Clause 43 defines several registers that provide control and 
siatus iInfonnation tor and about the RS-PEC. UW MDIO is tmplemenied, a shall man MDBIO control bite to 
RS-FEL cantrol variables as shown in: Table 54-1 and MINTO statas bite is RS-FEC. siinie vanables as 
shown in Table 194-2, and ifa separated PMA (see 44.2.1) ig connected to the PEC service tnterface (RS 让 

the RS-FEC and PCS are separated vig. a LAUEL2 heres inghall may atdigional MDIO stams hits to addi- 
tional BS-FRC stanis vurmbles as shown in Table 134-3. 

  

       
    

Table 134-1—MDIO/RS-FEC control variable mapping 

  

  

on ， . way & OAT, F aistent bit ea 
MODI cantrol vacialle PMAJPMD repister same Reger FEE. variate 

PES Dypaas indication casbke RS-PEC contin register L2G PEC bypass indication oiable             
The fallowing subslauses define vaclables thet are act otherwise defined, ee for ase ly state diagrams. 

134.6.1 FEC bypass Indication enable 

   
   

  This variable is set iy ome (6 bypass fhe error indication fonotion (see when. this abliigy is sup- 

ported. When this varkible isetto zero, the decoder indicates errare ta the PCS aublaver. The defaale value 

ofthis variable is eam, This variable is mapped ta the bu defined in.43.21. 101 (L203, 5, 

134.6.2 FEC_bypass_indication_abifity 

    The Read-Golomen decoder nay Rave the apikia to bypass the error indication Hmction (see 84.85.58) to 
rednee the delay comiributed by the RS-FRC sublaver, This variable is set to one to indicate that the decoder 
has the ability io bypass error indication. The variable is set to 2am if this ability is ni supported This vari- 
able is sipped to ihe bi defined in 49.2. 1.1024) 207). 

Copyright @ 2017 IRES, All rights reserved. 
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Table 124-2-—-MDIORS-FEC status variable mapping 

， ， canter bd ; ， 
MODIG control variable PMA/PMD rogister name | Besisterbit FEC varinile 

manber 

FEC! bypass idicution ability BS-BEC statis register ELF SC) bypass alication. ability 

  

  

  

RS-F HC status register       
  

  

      
  

  

“AM lock.x xed tol RS-FEC was pepister LAGS arp, lockeas 

RAS-PEG alten shins RPC status register 124 fee. align: statues 
  

RSE! correcta cade 

words counter register 

PEC conaoted sodaveonds 202. 1.208. IEC corrected ow smunter   

  

    

    

  

FEC ahconested oocteevords RS-ERC uumtected cole. 1.204, 0205 6 PBC ancormeciead ov saunter 
words commie Tegish 

any mapping * hme mapping 1 308 “PIC Janie mapping << 

  

  

: symbol STOLE 

      
: Laid te FEC - sgnbal eran counter 7 

{} fe 加 EGRYT Register, PRC De 1s 
tad             

  

      MIO contrel variable PMAJPMD register name FEC variable     
  

  

POS. .abign shins RS-EEC stubs cedinter alien states 
  

BUP ctrars, POS lands 0 to 3 BIB enor pounter f 

  

POS lane: x snapping. | Ene rasp ce 

      
eats 1 register 
  

  

Lane x aligned S alignitient Lik Damn tock 
SPAS 3 REE nee             

This variable is defined when the & 

134.6. hi_ser 

    C bypass indication ability variable is set to ane. When FEC by- 
pass Indication. onable ig set to one, this BH is ser to one if the mumiber of RA-FEC aymbel errors ina win- 

dow of 8 192 endewerds excneds the threshold (gee 9) 8.4.5) and Is sel te zero athenvise, This variable is 

   
    

mapped to. the bit defined in 45.201 102 (1201.2). 

134.8.4 amps bock<x> 

        These variables are assigned by the PEC slignanent atais diagram shown in 3 

134.54). They are mapped to the bits defined In 45.2. 1.102 (1.2018 ty 1.2019 for 
ibvely). 

  

  

: tunes O40 1, espace 
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434.6.5 fec align. status 

This variable assioned Gy the FEC allonment state digeram shawn in 
mapped to the bu defined In 45.200 192 CF 207-14). 

    

134.6.6 FEG corrected cw counter 

A corrected FEC codeword is « codeword. that contains exrars and was-corechad, 

FEC corrected cw counter ie a 32-bit counter that coums once for cach correcied FEC codeword processest 

who feral ight, statue ig nie, This variable ig mapped to the registers defined fy G35. 18 (E202, 1.203). 
     

  

       

134.6.7 FEC _uncorrected_cw counter 

  

Aap uncorecioed PEC codaward is a. codeword that-contains errors (when the bypage Correction feature is sup- 
pored and enabled) or contains errors that were riot cevrecied (when the bypass correction feature 1s not sap- 

ported or not engdled). 

bade word pre 
C208 

FEC oncerrected, cw. counter ig a 32-bit caunter thatonutits ones for cach uncomectad FEC 
cessed when fec alien. siatue ig tne. This variable i¢ mapped to the registers defined in 4 

P2205}, 

   

  

134.6.8 FEC lane _mapping<x> 

  

When the RS-FEC rescive function detecss and tocks wan alignment marker paylnad on PMA series inter 
feos lane x, the PRC hine nemmber corresponding to the detected alenment marker payload is assigned le the 

vanablo FEC. lane mapping, These varialles are mapped to tie register defined In 43.2.1 209 (1 2000}, 

    

134.6.9 FEC symbol _error_counter_s 

FEC -symbol-errer counter i, where 0.46 1, is-a S3-bh counter that counts ones for cach 10-bir symibel. 
corrected on PEC ne f when fec allen. siutug is nie. These variahles are mapped io the registers defined in 

: rand < SP eLS ie LTS); 
     

134.6.16 align status 

able | is ausigned the value of rx_alicn stauis ay defined by the PCS deskew state diagram shown in 
44,3.2.2) lt la mapped te the bi defined 44.2. 102 OL 2011S), 

          
This y 

134.8,11 BIP_error_counter_/ 

BIP error counier:? where 严 mf} bo A, ig a £G-Et counter shut holds the REP error count for BCS lane fas cal 

culated by the function aa LSS These variables are mapped to the registers define: 
482) 108 and 230 to 1233). 

    

  

      

  

134.8.12 lane _manping<x> 

Wheonithe RS-FEC transmit function detects and Jocks to an allemmnent markeron PEC service imerfsce lane 

x, the PCS lane number porresponding in the detected alignment marker is asshined ict die vaciatde lane. - 
mappine<x>, These variables are mupped to the registers defined in } LAD, (E280 to 
1.253). 
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434.6.43 block fock<x> 

  

These variables are assigned by the hock tock a“ dapvam Shown it 

aremapped to the reaisters defined in < PE 285. 

  

4134,6.14 am _ lockex> 

These variables. are: assigned by the alignment marker Joc 

TSA S224 They ave mapped to use registers defined in < 4824 APS C282).     
134.7 Protocol implementation conformance statement (PICS) proforma for 

Clause 134, Reed-Solomon Forward Error Correction (RS-FEC) sublayer for 

S0GBASE-R PHYs’ 

134.7.1 Introduction 

‘The supplicr ofa protecal implementation that is claimed te conforta te Clanse 134, Read-Solomon Forvand 
Error Correction (RS-FEC) sublayer for SOGBASE-R PHYs, shall conaplete the following protacol inple~ 

motion Confornumes statement (PICS) pralorox. 

A detailed description of the syuibols used in te PICS proforma, slong with instructions for completing the 
PCA proforma, can be found ins 

  

134.7.2 dentification 

434.7.2.1 implementation identification 

  

  

Sp hes 
  

Coniget paint for iiguiries aboat ibe PHO S 
  

RH Nanie(s} and Ver sianigy™ 
  

Ofer OEY       
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134.7.2.2 Protocol summary 

  

  

» (34 Rel-Salomon 
aublayer ter 

fheation af protein! dandard 

    

  

SOGBARE-R PHYs & 
  

idan feation of Siyendianents and SO To thts 
- ai gs part af this 

  

    
cemtlon hems heen renee Nek] ae eed 

i. the answer Yes menns that he Inmlemoentation dees not confomm ty TERE SEO 

  

  

  

  

  

Date 区 SEE       
3 Major capabilities/options 

  

  

  

  

Them: Pesture Subeclause ValunTomment States .: Suppert 

‘RS-PEC | Supports SUGHASE-R RS U34.h3 M Yes t] 
PRC Rnokonaligy 

eM MIDIC espability 45, 138 Rexistors and bnterface oO Ye 
SHEN 过 Magy 

SRET Bypass ertor nidication 45.33 Capstiltty ie eapported a Yes qd                 

434.7 PICS proforma tables for Reed-Solomon Forward Errar Correction (RS-FEC} sub- 
layer for SOGRASE-R PHYs 

434,744 Transmit function 

  

  

    

  

  

  

  

  

  

  

    

  

  

Ttesi: Feature Subclawse Valueoniment States | Suppart 

tFi Show tolerance (S22 Masi imum Skew of ao os ns M Yeast} 
oe anes and 4 

maxima Skew Varhion not 
SE Ee, 

CF Lane pooner 

TES BaGB ty 2AHBOSTR 
panccoder 

“CRS. 2S 7-bit block tamendissiad 345.25 Prost bit tradsentiod is ba 0 
order 

TRS Ahgnment maker mapping 13S 52.6 Maye id am. ds M Wes f 3 
mapped 2 se Oe por T34.3.2.6 

TES Pad value Sette Gard Bayan altemating M Yesq] 

  

pat 了                 
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fren Feature Subcisuse ValasComment Status Suppert 

TR? Alignment marker insertion {4.5.2.6 First 226 message bite to be M Yes] 
trausmilted from Gd 
codeword 

TES Ahgnment mirker insertion 1345.26 Yirst 257i Glock inserted M Wes ft 
pelt after am tsmapped some- 

‘ponds fo the four do-it 
bibcks recebved an PCS lanes 
Q@. 1, 2yaeul 3 that immediately 
fo} towed the ahgaaient 
marker on each respeelive 
inne 

“SEG Rusad- Solna encoder WSF A Yew td 

TRIG Sondhol distibation 45.28 Phatibuted to DPR lanes, M Vest} 
one Hint ayvindiol abs tie in 
around robin distibation 
fram the dewest {6 the highest 
munviered FEC lane: 

134.742 Receive function 

Fens Feature Sabclause Yalue’Comnnent Stata: Support 

i RFI Skew avlerance M Yes {| 
408 and 8 

aac Skew  Vatiotion at 

和 ns 

RES Lane rsonder 了 入 这 Order the S$ acon NM Yes] 
ing do the FEC lane nundher 

RPS Reed-Solomon decoder for {AA S3.3 Corrects any combination af | Mf Yes {] 
RSS SD ue ty 15 eynibol errors in & 

Ra Heed: sotathen decode aa (34.5.4.5 Af Yes ft 

RES Perron indicaticn fhacod Cate apts 6f-bu black SR M Yee ft 

hrotization headers for 
une fod ervored pole 

RE? 2 ator 1345.33 BREEM 

Tupt 66 6H block: ane bron 
tion Headers 

RES 134.535 A= 6380 BEEM 

REO Abeunent marker remrval 1343304 ain sinapped yemeved pring | MM Yeah] 
te. Ganscading 

fo £45 /H68 M Yes td 
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Suppert 
    

  

    

      Chie H6-hit block ata time bre 
round rohan fashion for fe: 

lowest lo the highest mum 
bered PCS lane 

    

  

Alipnment raarker meppiig Map fo amis ay eG ts 2 per 
435.7 

M 

  

pout     
Alignment marker ingertion 

    
Aliganwal markers imedi- 
wel iblinwed by the AO-ME 
hocks derived from the 
247 -bit blocks inmedintaly 
inllowing am ramapped 

  

  
MT 

      

134.7,4.3 State diagrams 

  

Feature Subelause 

  

Vane Comment States Support 
  

    

Ensure that all posable block 
Goaitions are ovahiated 

    

    

  

nb bane per 

  

Abigarnent precess         

  

        

134.7.4.4 Delay Constraints 

  

Hem | Featare 

  

Apbelagse Vahuelomient 

  

States 
  

TIMI 

  
RSPR Peley Coustraing 

  

    

    

2 28 GOR BT for 
anid TACAHVE 
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135. Physical Medium Attachment (PMA) sublayer, type S0GBASE-R and 
TOOGBASE-P 

135.1 Overview 

435.1.7 Scope 

This clause specifies the Physical Medium Atuichntent sublayer (PMA) Tor the families af 30-Gb’s and 
THU ths BAMA Physical Laver iniplamentations knowin as AQGRASE-R (see TALL 3) and LOOGBASE-P 

{gee SG.4) The PMA allows the PCS (seo (lapse 133. and Clause 82) and PEC (see Clause a4 and 
Clause 42) 16 connect ina medit-independent way with 4 range of physical media, The SGGBASE-R PMA 

cat support any of the 5G Gis PMOs in Table 1Si-? and the HOOGBASE-P PMA can support any of the 
HO Gis PAM PMDs according to Tuble 80-3 and Table $)-4a. 

     

SUGBASE-E atid LOUGBASE-P PHY s can be extended to support any Ri duplex medium requiring only 
thatthe PMD be compliant with the approprisie PMA jnterfice, 

The interfaces for the inputs of the SQGBASE-R and TOOGBASE-P PAI Ag are defined in an absitact manner 
and do. not iiply any partioular implementation, For S6GBASE-R PMAs. slecirical inferfkoss connecting 

PMA sublevers, known as LAUT? and S0GAU Ten, are defined in Clause (3968 through Clause E856, For 

LOOGBASE-P PMAs, electrical intarfanes cantiecting PMA sublayers, known as LOOGAUEn, we defined in 
Clause F380 through Clause 135G. 

  

135.1.2 Pasition of the PMA in the 80GBASE-R and 100GBASE-P sublayers 

Figure ESS) chows the relationships ofthe PMA subluver ishown shaded) wih other aublavers tothe ISO: 
Opes Systent hitercennection COND reference model 

135.1.3 Summary of functions 

The inllowinus is a sutumary of the principal Aimetions implemented Quien required) by the PMA in both the 

transmit and receive directicms: 

a} Adaptihe PCSL/FECT -formatied signal to the appraptiate number of abstract or physical lanes. 

6). Provide per-inpat-lane clock and data recovery, 

ey Provide bi-level multipieciog. 

a} Prondde clack generation. 

s} Provide signal drivers, 

®. ‘Gptionally provide local lanphack to/from the PMA service biteriace. 

2) Optionally provide remate loopback. teen the PMD service interface. 

hy Opuowally provide test-pattern generation and chesking. 

i) - Tolerate Skow Variation, 

ay Perform PAM4 encoding and decoding when required 

PAMA cheading and decode is required for SOGBASE-R PMAs where the nuniber of physical lanes ist 
and for HMQGRASE-P PMASs where the mimber of physical fanes is Lor 2. 
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cece en 一 人 {8 

PHYSICAL MOE iy 

MEDIUM &S 20 
Xe a 3 

ae 24 
SOGBASE-R HGBASE-P 23 

50GRH = $0 Gbss MEDIA INDEPENDENT INTERFACE. PCS = PHYSICAL CODING SUBLAYER a4 
AN = AUTO-NEGOTIATION PHY = PHY! VER DEVICE 38 
CGMI= 100 Ghis MEQUA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT * 
FEC = FORWARD ERROR CORRECTION PMD = PHYSICAL MEQHUM DEPENDENT 26 
LLC = LOGICAL LINK CONTROL . eee oF 
MAC = MEDIA ACCESS CONTROL NOTE (CONDITIONAL BASED ON PHY TYPE 和 
MD = MEDIUM DEFENOENT INTERFACE a 

Figure 135-1-—-SOGBASE-R and 100GBASE-P PMA relationship to the ISONEC Open 23 
Systems lvferconnection (OS) reference model and IEEE 802.3 Ethernet model 机 

2 
138.1.4 PMA sublayer positioning 38 

34 

An inplemeniation may asc onc or rors PMA sublayers fo adapt.the nunsber and rate ad the PS lanes to aS 
the mumber and rate of the PMD fumes, The namber of PMA sublavers required depends on the partitioning 38 

ef functionality for a particular implementation: An cxanple is Wustrated an’ Figure 134-2. Additonal 3? 
examples sre lustraisd in Annex 135.4. Rach PMA maps the PORLSFECLs from p FMA input lanes to q 38 
PMA. otipat Janes ui die Tx direction, and from q PMA inpot lines is p PMA output lanes in the Rx 39 
direction. 30 

4 
Managemen Dat InpotfOitpot (MDIO} Mane genble mae (MMD) addressea 1, $9 and 10 are soatlable 4a 

for-addressing multiple instances of PMA sublaye : SL dor MMOD device addresees). H" ihe 3 
PAVA sablaver thatis closest tothe FMD is packaged 8 ‘th the PMD, if shares MIMD: Dowith the PMD. More 44 

addressable insianees of PMA sublayers, each one separated drom lower addressable instances ty clip-ie- 4s 

chip interfaces, may be implemented and addressed allocating MMD addresses to PMAs i. Juckeasing aG 

nainerical order caine from the PMD toward the MAC. The examples shown, in Figure 154-2 could be AT 

inplemented with three addressable instances: MMEV 1 addressing the lowest PMA sublayer (co-packaged 38 

wilh the PACD). MMD'S addressing ite middie PMA siblaver, and RD 9 addressing the highest PMA 49 
sublayer Ginmediaiely belew the FRC). 36 

SI 
82 
38 
$4 
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| AC. | 
| RECONCILIATION 

S0GM SOBRE THOR 

  

              

BOGBASE-RPOS WGBBASE-R PCS 
    

        MAME 9 FEC 
      MMOS \# 

SUGAUL 2 te TOG AUER pe 

wos PMA 0 ns 
SOGALI 

  
  

          
    

          
  

MMF 

  

                        

          

    

MDb——— te] MOD 

| MEDIUM <> ‘MEDIUM < 
Ne: Vy at etna 7 

SIGHASE-R SOGBASE-R 100GRASE-P 

JOIGAU! = 100 Gh’s ATTACHMENT UNIT INTERFACE MMU = MDIO MANAGEABLE DEVIDE 
JOOGMI = 100 Ghis MEDIA INDEPENDENT INTERFACE © POS = PHYSICAL CODING SUBLAYER 
SOGAU! = 80 Gh’s ATTACHMENT UNIT INTERFACE PHY = PHYSICALLAYER DEVICE 
HUGMIL = 50 Gb/s MEDIA (NDEPENDENT INTERFACE PMA = PHYSICAL MEQIUM ATTACHMENT 
FEC = FORWARD ERROR CORRECTION PMD © PHYSICAL MEDIUM DEPENDENT 
LAU! = 50 Ghis ATTACHMENT UNIT INTERFACE 
MAC = MEDIASCCESS CONTROL ne tar2 
MDI = MEDIUM GEPENDENT INTERFACE 

Figure 135~2--Example 50GBASE-R and JQ0GBASE-P PMA layering 

The imanber of input lines and the parmbor of outpul lanes fora PMLA are always divisors of the number of 
BCSLSFECLs. For PMA sublayers supporting SOGRASE-R PMs. the mimber of PCSLs (above the FEO} 

is-4 and the number of FECL s (below the FEC) is 2. For PMA. sublayers supporting TOGRRASE-R PMD, 
ihe number of FECLs is 4. 

The following guidelines apply te the partitioning of PM As 

a} 

Q) 

Tae 

The inar-ublaver service infertkee, defined tn 1973.1, is ased for the PMA servic interfaces sap- 

porting a floxible architesture with multiple PMA. siblay ers, 

i} Axcinetance of dus interface can onby connect service interfaces with the same wurmber af lanes, 

where the lanes operate at the same rate: 

The abstract PMA service inierface can be physically inshintisted as a LADIT-2, SUGAU Tn, or 

LGAUTAt, usine assoniated PMAs to map te the agproprialé surpber of lanes. 

For physical nistantiationas of the PMA service interiics, the PM ATA SIGNAL, indication 18 con- 

veyed outside of tins physically instantiated imerfies, 

Physical instamiiations of the PMA service: interface define electrical and diming specification as 
well gs requiting a receive re-timing Ainction, 

LAUIT-2 is a physical instintiation of tie PMA sevice interlace between two adjacent MRIBASE-R 
PMA. arblavers above the FEC. 

1) LAUP2? provides bit-niultiplenine of 4 POSLs. 

2) LAUB2 isa 25.7825 GB by 2 line NRZ physical instantiation ofthe $0 Gis connection, 
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H Si ACH- ig a physinal instandation of the PMA service imterface between two adjacent 

hy 

S0GBASE-R PMA sublayers below the FEC and contains 2 FECL. 

1) SOGAUI-n provides bitamaltipiening af 2 FECLS. 

2) SOGALT-2 is a 26.4628 GBd by 2 lane NRA physical instantiation of the 46 Gbs connection, 

3} 50G AULT is a26. S625 GBd by 1] lane PAM4 physical instadtiaion of the 80 Gb/s counection, 

‘ALH-a by ca glrgsical dastantidtion of ‘fhe PMA service iterfice between two adjacent 

LHUGBASE-R PMA Rst mise S3) sublayers above the FEC fora HANSBASE-P PHY or between 

adiacent sublayers below the PCS fora MOGOBASE-R PHY. AL is sot spoodfind gn. this clause, 
but te Heied here for completeness. 

1) CAUTen provides DR-multiploxing of A PCSLs, 

2). CAUIM¢ is a 28.78 129 G8 by 4 lane NRA physical instantiation of the 100 Ghs connection. 

CAUI-4 is apenifiad 39 ¢ SS and associated annexes, 

ay CAUBR Gis a 10.3125 GRe by 10 lane MRZ physical instuntistion of the 100 人 bs connection, 
CAUT-10 is specified © ind ausnciatad anexes, 

lGAUE is 3 physioal instantiation af the PMA service interfiee ‘between py adjacent 
]OOGBASE-P PMA sublavers below the FEC fora }XOGBASE-P PRY. 

POA Un provides biinuldiptoxing of 4 FECL, 

2) HMAGAUTMs a 26.362945Rd inp dane NRE physical instantiation of the 100 Obie cones 

   

    

   

        

fon, 

Sy: HOA? tsa 26 5008 OBd bw? inne PAM 4 physical instantiation atthe HO Cin's connes~ 
HOR. 

Opportunities for optional iest-pattem generation, optional test-pattem. detection, optional local 
loyphack and optional remote loopback are dependent apen the Jocation of the PMA aubhover in the 

implementation. Sce Figure 135-3, 

Acminiman of ane PMA aublayer is required ina PHY. 

A oandtaani of four PMA sublayers are addressable ag MDIO MMDs, 

  

135.2 PMA interfaces 

All PMA warlants. fir SOGBASE-R and LOOGBASE-F are based an a generic specification of 6 DiC yee 

fanetion thal apptics to all iaputfoutput lane counts and cach direction of raiemission, Each direction of 
trangniission may employ one or more such bit paixes io adapt from the appropriate mamber of bipal lanes to 
the appropriate number a:   Foutputlanos ae Hlustrated da Pieure 154-3. 

m input lanes 

Y Y 
PMA 

“bit mk 

  

      

n output lanes 
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Conceptually, ihe PMA. Dit naux operates in one direction of ransmnissign by demultiplexing POSLs/FECLs 
front im PATA inpat lunes and remubliplosing thom nie a PMA ontpnt lanes. The mapping of PCALS/FECLs 

from ingat to outpad Lanes is net specified, Sea 145.5.2 and Fieare 135-4 for details. 

Zim POSLAFECLE par Sernux sin POSLMFECLS per mus, 

re input damuxes output Mukes 

aa
n 

    

          
fe 一 一 和 人 

ae 四 ? i 

Secale? 
mingut f 4 Vk i a \ Fr utour 

lanes \ i POSLsS \ f janes: 

Pope \ j 
. 上 

. FECL x 

      
  

jw po) i 
\ : : a a i 

ae } t ore 
Se f AB va 

Every inpul PCQUFEC UIs mapped te.an ouipul PCSLUPECL positian 2 = Number of POSL@PFECLS. 
z= Pot 4 for SOGSASER 
x= dfor 100QBASE-P 

135.3 PMA service interface 

The PAA service interface for SOGBASE-R and lNOGRASE-P ig an iietance af the imtersubliver service 

imerface defined in J3)3.1. Phe PMA service interface printitives are SHE as follows: 

PMAUS DONIPDATA “request 
PMAUS. UNTTRATA  ldindication) 

WAL indicatioa 

  

Fora PMA service interface with p lanes, the primitives ave defined for 7 = Dia p— 1, 

ifthe PMA clentis the SOGBASE-R PCS. the PMA continucushy sends four parallel tnt streams to the POS, 

cuch at the nominal denaling rae ofthe POAL, 

Ifa PMA. cHont is another PMA. 3 SOGBASE-R PMA with p<? physical inpat lanes receives NRZ symbols 

oneach ofis iyput lanes ab 2 times the PCSCAFECL sate. A SG BASE-R PMA with p= physical input lace 
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receives PAM syrabols on each av ite Input lanes at 2 tints the POSLIPECT vate, with cach syrabol formed 
from tee nie Fe " stream Cn by 和 ne tapal symbols carr es 过 “ep bit-maliolened PCSLAFECLs on 

FEC) for SOGBASE-R. 
     

Ifa PMA chentis another PMA. LOGGBRASE-P PMA with p~4 physical input lanes receives NRZ aymbols 
on each efits jgputlanes at the FECL rate. A IUOGBASE-P PMA. with pi or p=2 physical input lees 
receives PAMA symbols on cach. of its input Janes at 4 or 2 titnes, respectively, the FRCL rate, with each 
syinbol formed fronz peo bits. The bit stream represented by the input syinbols carries x fp bipmultiploned 

FECLs an each physical input lane, where v4 far GGG BASE-P, 

  

      

Skow play sxist between different POSLs/FECLs reoelved onthe same physical hupal lane even dheelt a 

PCSLSFECLS originate from the sant synchronous source, so- there is mdependence of arrival of Ns from 
each PCSLFECE on cach physical input inne, 

   

In the Tox direction, H the symbol from a PMACHS UNITDATA _ irequest primitive is recelved over a 
physically instantiated mmerface (LAUI-, SOGAU Tn, of JOQGA UTD), clock and dais. are recovered on the 
lane reeeiving the synibol, Tf necossary, RAMA symbols are converisd to pains of Dis. Bits are routed 
throunkh the PMA to an output lane dhrough a process that may demultiplex. PCSUs/TECLs trom the dapat, 
pecibim any necessary buffering to islentes Skew Variation across bipwi lanes, and nimiltipies POSLs FRCS 
qo output lanes. | gecessary, pairs of bite or-dutout lanes are converted to PAM4 symbols. The symbols are 

sont on an oust dans to the sublayer below using the DRRIS UNTTOATA «segues? (& not necessarily 

equal to.) primitive (see 135.4). 

  

Inthe Rx. direction, the PMA passes syiibols from fhe inpet lanes to the output lanes when deta is belie 

recelvedl ffom every Input lane from the sublayer below the PMA that has a PCSIVFECL that is rented toa 

particular output lane ae the PMA service interface, and (if necessary) buffers are Hed to-altow tolerating 
ihe Skew Varialion that may appear between the input lanes, PCSLSPECLSs are demultiplexed: from. the 

input lanes. renuliiplened a the output fenes, and symbols are wensferred ever each outpat lene fo the PMLA 

client via the PMACIS UNETDATA. Lindiostion primilive, If necessary, PAM4 symbols are converted te 
pabrs of bits on the impat lanes and/or pairs af bits arc converted 16 PA MA syrubols-on die cutyut lanes. 

  

The PMACIS. SHOINAL indication primitive ig generated bya Sigmal Indication Logie (S1L) tinction that 

reports signal | health based on receipt ofthe fey 4S SIGNAL indie: ation from the sablayor below, date being 
reocived om all of the dnput lanes fram: the. sublaver below, buffers filled (if necessary) to acconmmodate 

Skew Variation, and ssmnbole being sent to the PMA chenton all of the ontpnt kines, Wher these conditions 

are mei, the SIGNAL _ OF. parameter sent to the PMA client via the PMANS SIGNAL indication primitive 
has the value OK. Others age, The SIGNAL OF, primitive has the valne FAIL. 

{35.4 Service interface below PMA 

Since the architecture supparis muliple PMA sublayers for varinus PMID Jane counts and device 
partithwiing, there are several different sublayvers that may appear below a PMA, inchaling the FEC, PMD, 

orancihor PMA. The yariable fav reprosente whichever sublayer appears beleay ihe PMA (ex. another 

PMA FEC, of PMD). 

     

The sublaver below the PMA wohiees the inter-sublayer service interlace defined §2°131.3. The service 

interes primbives provided in the PMLA are suniiarived as follows: 

  

ITRATA, drequest 
WEDAT. “Findication 

meet. SIGNAL Andication 
   

The number of lanes q forthe sersice imterfice matches the mumber of lanes expected by the PMA... The 

instIS UNITDATA LT prunitives are defined for each lane ¢= Oto q— 1 of the services interface below the 
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PMA. Nate that electrical and. tiraing specifications af the service interface are defined if the interface is 
pliysically instantiated fe.p. DAUB2, ANGALER, or 1QUGAUT), otherviss the service iimerfice is 

specified only abstractly. The interface betwean the PMA ans the sublaver below consists af g lames for data: 
jwansibr and a etabss Indicating a good signal trom. the sublayer below the PMA (see: Pigure 135-3), 

  

In the Tx direction, the FMA rs. symbols from the gout Janes io the output dunes when data is being 
received Via the PMAG JTA_Lrequest primitive fron every inputlane fron the PMA client at the 
PMA. service interface (sec i345 ey that has a PCSLVFRECL thatis roated to tits odiput anc, and GP 

necessary), buffers are filled to provide the ability to tolerate the Skew Variation thal may appear between 

the input tunes fromihe PMA cHent, PUSLs FECL are demultiniesed from the input lanes, romaltiniesed ts 

the outpat lanes. ard eymbots are transferred over each GE lane fo the sublayer below-the PMA. 

ransfe 
    

in. the Rx direction, Hf dhe symibal is reecived over a physically instantiated interface (SOGAUT-n, 

LOGGAT TA of physically instaatiated PMD senice interface),.clock and data.are recovernd on the dane 
receiving the symbol. necessary, PAM4 svimbois rescived on the input lines are converted to paire of bits, 
‘The bits are muted through the PMA to au autpud lane toward the PMLA client through a process that my 
demuliipiex PCSLsFPECLs from the input, perform any necesssty bufleritg to tolerate Skew ‘Voriation 
across input aries, and rimitiples POSS ‘Ls i output lanes. necessary, pairs af bits are converted fo 
BAN SS at the outa lanes. Each symbol is sentan an HE lane-ho the: PMA. chentassine the 
PMATS UNITDATA. E-bdication (k not necessarily equal ta 1) prismitive ad the PMA sence interfaces. 

   

    

435.5 Functions within the PMA 

The purpose of ihe PMA is to adapt the PUSLSPFECI ~formaticd signal 1o.an appropri NREC of abstract 
or physical lanes, fo recaver clock from the received signal (0 appropriate), and apuonally to pravide test 
signals. and loopback. Each input (Ts: direction) or oatput (Rx direction) lane between the PMA and the 

PMA. client caries one or-more POSLSFECLs that ane bitametiploxed AU biput and ouput lanes between 
the PATA and the PMA client carry the same mimber of PCSLs PECL and oneraics at the same nominal 
siznaling rate. Likewise, each inpat (Rx direction} or catgut (Tx direction) lane hetercen the PMA and the 

sublaver below the PMA caries one or more PCSLa/FECLS that are bi-multiplened. AM input and output 

lanes Between the PMLA and the sublayer below the PMEA carn the same mumiber of PCSLS FECL and 
operate at the same nennal : Signaling rate. AS sescrtbed. in BS: i A. the puinber or input anes. and the 
mauber of output lanes for a 2 PMA EC) 
SOOGBASE-R, ord for LQUGBASE-P. which # are the number ot ¢PCSLeF ECLs for the respective PRYs, 

  

  

Frenre P33-8 provides the fimetional block diagram of a PMA. The paramcters of a PMA. clade the 
followin: 

sete The nembers of inpat and owput lanes in each direction. 
s—. “Whether the PMA ds adiacent to a physically metuntiatcd interface CLAUT-2, 30GAD Ie, or 

HeGGALT-n above ar below), 

~~ Whether the PMA js adjacent to the PCS. 
— Whether the PMA is adjaceit to the PMI 

ow ‘Whether te PMA is sdiacent to the FEC, 
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p npptianes p cutcal lars 

THATA: feaquest PMAIS_UNITDATA J indication 
| wx | 、 PMAIS_ SIGNAL indication 

fest : ¥ ¥ Y et A teat 

patiom of anna Signal drivere?. | padiern 
dates ¥ PAAM decods® PAM ancode®” : getieraie®4 

focal foophack® 4a 4 

本 x an 

PMA TR PMA RR 

BY DHE Uy 

Hrenigie toapback® bee sf 

: dat : 
___|PAMS encode PANS decode” 

fest | | Signal drivers® cor ae 
pater oe A , Patient 

generate” y | © defect! 

ee to 
PS UNITDATA Request inshis UNITDATA_indinstion 

ae y | ee instiS. SIGNAL../ indication 

q oulpnt lanes. qungut fanes 

Wet = PMD. PMA, depending of which sublayet ie below tds PMA. 
SiL= Signal indinatioy Logis 

8 PE LAUL2 SOGAULN, oF I0OGAUL) immediately above this PMA. ne ; ; 
8 FLAUL2, SOGAULH. of OOGA immediately be this PMA or N thie Me closeat PMA to the PMD. 
i number ofinpuf or Gutput tanes fs 1 for a SOGBASE-R PMA or t or 2 for a TOOGBASE-P PMA 

Ciotional, 

{36.8.1 Per inputane clock and data recovery 

ithe ieriice between the PMLA client and the PMA ds plrysically insiantiered as DAUL2, SOG AUCH, of 

POOG.AUTAn, the PMLA shall meet the electrical and dimine specifications above the PMA in Annex P3458 

throush Aunes 155G, a8 appropriate, 

SCALE ar OGG AU, the PMA shall meet the clectriculand timing specifications below the PMA at 

the service iterface ay specified in Annes 1348 through Annes 1546, as appropriate. 
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135.5.2 Bit-level multiplexing 

The PMA provides brelevel multiplening In both the Tk and Rx directions in the Tx direction, the function 
in performed among ibe bits received from: the PMA client via die PMATS UNITDATA frequest 

primitives: (fie PMA clicnt Janes: ¢ = 8 top -~ D)-with the result sent to de service interface below ihe PMA 
nsiie the iastsIS UNPEDATA frecnest primitives Gor service interface lames f= 1 to q—- 1), refers roncing the 
functional block didgram shown in: Figure 135-5, The bit maltipioning behavior is Thtrated in Figue 
4, 

  

      

  

    

The aguregats signal carried by the group of inp} js at Ae group af oO He s seringed as a sctof 
PCSLSFROCLs. The number af PCS 
tor once Rounterfaces and 4 FECL s for 

了 1S PS. B90G25 Gbis for each PCAL and 28. 4625 Crh's for each FEC 1. “For: (OOGRASE-P. the nominal ieit 

rate Rane ig 26.5625 bis for cack FECL, 

        

For a PMA with m input lanes (Ta dr Re direction) cach Niput lane. carries, bit mnltiplexed, wm 
PUSLSFECLS. Each toput lane has a nominal on rate of win x Ry... Note thet the signaling rate is equal to 
the bit rate when. the signal mocwation is NR. The signaling rate is equal to half of the Ini rate when the 
signal modiwation js PAMA Tnecessary, PAM4 aymbols are converted to Da bits on thednpnt Ianes 
andor pairs of hits ave converted to PAM4 symbols on the output Muses. Hf bit received on an. iaput lane 

belongs.toa partienlar PCSL/FECL, the nest bit of that sume PCSLVFECL is recetved on the samednput lane 

at bit position.» +(e), The ajo PCSLSFECLS tay ative 这 RE seqnence on @ given input lane, 

  

    

For a PMA with » ovtout dancs (Tx or Bx direction), cach outpat dane carries, bit mhuliiplexed, zy 

PUSLGFECLSs. Each output latte hay a noniual signaling nite of on x Ry sti Fach PCSIVPECL is prapped 

froma position in the sequence on oe of the nt input lanes to a position inthe sequenes an ong of the 1 
outout lees. bit x sent om an cutpat lanc belongs to a particular PCALAFECL, the next bit of that same 

PUSLAECE js sent on the same obtput He RE bit positions s+ (on). The PMA shall maistain the chosen 

sequence of PCSLsFECLSs on all output lanes while 11 is receiving a walid stream of bits an.all input lanes. 

  

Rach PCSIVPECL, teceived in any IE position on ao iaputhine is tranelarred into 4 lenaporal position 

on. an outhar lene. Ag the PCS (see Clause 193 and Clause 82) and FEC (Sec Case 97 and Clause 134) 
have fully flexible receive Ingte, an Inaplementation is free to perferni the manping of POSLs/FRCLs fi 

tapat lanes to-ontpat lanes without constraint, Figure 1353 dlasteates. one posetble bit ordering for 2 
LHMGBASE-P 4-2 PMA bilo. Other bit orderings are also valid, 

  

Note. that-since the number of dapat lanes and output lanes fora GUGBASE-R or INOGRASE-P PMA Is 
always. power of hwo, many PMAs converting between diferent ounibers of laies normally simply 

miiliiples two or four inpat hues to one outpel line, or demmitpies two or four ontput lanes from: one input 

lane. However, goy PMA implementation which produces ar allnwable ander of hite frond all POSES FECES 
on fie oniput lanes is valid, 

   

434.5.3 Skew and Skew Variation 

The Skew (relative delay) betawen the PCSLe/FECLs mast be kept within limits so thatthe information on 

the lanes can be masserabled by the PCS and PEC. 

Autry PMLA that combines POSUs/FECLs from different input lanes onto the same auipat lang must tolerate 
Skew: Variation benwaed the mmpnt lanes without changing the PCSL/FECL positions on the ontpat, Skew 

and Skew Variation are defined tn UA 1.5. The hadts for Skew and Skew Variation at physically instantiated 
interinces are specified at Skew points SPU, SP], and SP2 in the mansmit direction and SPS, SP6, and SPY In 

the meeive direction as defined in 131.5 and Shistrated in Figare 131-3 for MAGBASE-R and ag defined 4 
Sf. S-and iustrated in Figure RU-8 for LOGGBASE-P, 
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4 Lane PMA input im} 

  

  

  

xedayent2   
3 Lane PMA output ine?) 

NOTE—~LK indicates bith an PECL 1, Skew may exist between FECL. 

Figure 135-6—Example 4:2 JQOGBASE-P PMA bit mux 

135.5.3.1 Skew generation foward SPo 

in an implementation within insiantigied LAU-2 interface beiween the PCS and the FEC, the PMA that 
sends. data in the transmit direction toward the LAUE? (SPO in Figure 131-3) shall produce ne tore thin 
39 ns of Skew belween POSES ane no niore than 6.2 ns of Skew Variation: 

{36.58.32 Show tolerance af SPS 

feat implementation with an inetuniiaied LADT-2 interiace. the PMA service interiice that receives dai in 

the transmit direction fromthe LAUT-2 (SPO in Figure 151-3) shall tolerate the amaxiozam ammount of Skew 
Varlaiion allowed at SPO (0.2 ns) between inpat isses while mainigining. the bit-ordering and position of 

each POST an-cach PMA dane in Sie transmit direction Goward the PMD) 

    

435.6.3,3 Skew generation toward SP4 

in an. implementation with one or more physically. instantlated SQGA UT or LOGAT An Imerfaees, the 
PMA. that sends data in the tranamit direction towand the 3UGAUIn or 1QUGAD Tay that is closest te the 

PMD (SPL in Pimure 131-3 and Figers 88-8) shall produce no mors than 20 no of Skew between FECLs 

toward the AQGAUI-n or }OOGA LI and no more then. 0.2 ne of Skew Variation. 
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435.5.3.4 Skew tolerance at SP4 

In an implementation with one or more physically instantiated SGGAUT ar IDOGAULn interfaces, the 
PMA. service interface that receives data in the mins direction from the SA or WO0GAU En (SPE 

in Figure 291-3 and Fimun: 80-8) shall ilerate the Ri amount of Skew Variation allowed at SPL 
(U2 ng} behween input lanes while muiniainine the bh ordering and position af cach FRCL on cach PMA 
latio hy {he transaut dircetion (towanl he PME): 

    

435.5.3.5 Skew generation toward SP2 

[fthe PMD service te is plossioally instantiated so that the SEE at BP? canbe micasuved, the PMA 
admcent tothe PMD service infenfsce shall generate ao more than 43.ne of Skew, and no more than 6.4. ng of 

Skew Variation hetween outpd lanes foward the PME) service tterface (SP2 in Figure BG-8 and 
Fiepre E313) IY there is a physically instantiated JOGAQ0I or HOGAUTn as well, then the Skew 
measured at SPI is iraited tone snore than 29 ne of Skete-and no more than 4.2 ns of Skew Variation. 

      

435.5.3.6 Skew tolerance at SP5 

Te BMD service interface is physically Ingtantated an 让 te Skew ar RPA can. be micasured, the PMA. 
adjacent te the PMID service gnerface (SPS in. Figure 131-3 and Figure 80-8) shall tolerate thé maxiniom 

amount of Skew Variation allowed at SPS (0.4 ns) beturcen oniput lanes from the PMD service interface 

while mainivining the bifardeting and position af cach FECL on such PMA fone ithe receive direction 
ftowant the MAC). 

435.5.3.7 Skew generation ai SP& 

in ap. implementation wih one or more physically instantiated SA or LOOGALT~n iterfices, at SPO 

ithe receive diracuon of the SOGADTY or HOG ACT a-closest 的 the FEO) the PMA or gropp af PMASs 
beiween the PMD and the SOGAUT-1 or LOOGAUT-9 closeet tp the FEC shall deliver no more than 16? ns of 
Skew, and no more than 3.8 ns of Skew ‘Variation benwesn output dines wend the SOGAUM: or 
LUOGA UT in the Rx direction, If there is a physically Ingiantlated PMD service interface that allows the 

Skew to be measured, ihe Skew messurtd at SPS is lined to no more than [44 ns of Skow and iio more 

than SG ne af Skew Varlation, Uf there. is no. physically ineisntiated PMID service Imierface, tle Skow 
ninasated at SP4 is imited to. no more than 134 ns af Gheny, and ne more than J 4ny of Skew Variation. 

435.5.3.8 Skew tolerance at SPE 

In an implementation with one or snore physically instantiated SOGAUL-1 or ee Asn interbices, the 
PMA BE the SGOGAUn or 1QUGAU Tn closest in the FEC and the PEC shall toleraic the masimunt 
amount of Skew Varintion allowed ar SP6 G8 ns) between input les while maintaining the bit onder and 
position af FECEs on lavies sentin the recelve direction towards the MAC. 

136.5.3.9 Skew generation at SPT 

  

25 ne of Skew beoween PCS s and ne more than 0.2 ne of Skew Variation. 

435,8.3.40 Skaw tolerance at SP7 

in an implementation wih am inaiantiaied LAUT-2 interface benween the POS and the FEC the PMA service 
interface that reocives data in the receive direction fram the LAUI-2 (SPT in Figure (31-4) shall tolerate the 
maximum amount of Skew Varintion alowed at SPT (G2 ns) between iInoat lanes while mainiaming the bit 

ardoving avd position of cack PCS gn cach PMA dane. in the manamit direction (loward the PMD} 
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135.5.4 Delay constraints 

  

The maximum cunmiulative delay cantribated by-ag te tierce PMLA, stages ing PHY (gum of transmit and 
receive dolayy al one end of the lak) shall meot the vahies specified in Table 195-1. A description of overall 

sysiam delay consizainis and fe definitions for ba-timies and pause quanta ran be found in 131.4 and Hs 
references. 

Table 135-1-—Delay constraints 

          

  

  

weg Yat woe Ri Maximany Rei vSecetne Foc 
Sublayer Cut timed Gususe quanta) Maximanr {3} 

S@UBASE-R PMA | 4608 a DIG 

TNC ASE-P PMA, | ORG EN WTA             
4135.5.8 Clocking architecture 

A PMA with th input lanes and on ontput kines shall clock, the cntgut Janes. such Mat the bitrate afthe OH 
lanes is tm thytes the bit rate of the input lanes. Parinput or aatput lanes encoded as PAM, the syupbal rate 
is: hall of the bitrate. This applies in. both the Ts vat Re directions af imimsmigsian, In the. case wher the 
interfaces between. dhe PMA cent and the PMA and/or ibe PMA and the sublaver below the PMS are 

physically instantiated, the PMA imay derive its inpal chack(s} front the electrical interface on one ar more of 
fhe input lanes, and generate the cutpar-clockis} with ap apormptiate PLL wltiplien divi 

  

  

    iyidiey curciat. 

There is no reqairemient thai the PMA click all oxgpat lanes In-undadn. Examples of independent clocking of 
sutpul lanes inchide the following: 

—- “The case where the numberof nour and owmut lanes are coal the PMA is provided for reining 

and rexencration. of the signal. This may be implemented ation! any rearrangement of 
PCALSFECLSs between typ lanes and output lanes Galthough rearranesmenis are allowed). Such. a 

PMA may be impleniented by driving each output lane using the clock recoyerad from the 
corresponding input larie. 

Since the nurnber of POSLWFECLS is a power of 2, whenever the number of input and saipat lanes 
are unequal each input ime could be mapped io muilliple autput limes (it the case where the mumber 

of ouipul lanes 18 ereater), oF maltipde input lanes could be mapped tig single amiput lane: 

  

136.5.6 Signal drivers 

For. cases where the interface between the PMA cHomtand the PMA or between die PMA. and the sublayer 

below the PMA represent a physically istamiated imicrines, the PMA provides clectrical signal drivers for 
dun brierfare. The electrical and flier/timing specifientions for theee interfaces appear in. 

ses - Annes TASB far LADT-2 USC anplications 
~~ Aymex P3SC for LADL2 C2M applications 

on Annes 125D for SAG AUT2 and lOGGALT-9 220 applloations 
~ Annes TSE tbr SEGA0L2 and JOOGAUT4 CIM applications 
a Annex USSF for SOGAUE TP and LQQOALN-2 C2C applications 
~~ Annes. 135G for SOGALN-1 and LOOGALIE? C2M applications 

     

     

The modulation donnat is NRF for LAL? SG and TOGAUE4 and the modulation forniat is 

PAM for 80GAUT-1] aml GGALIE?. 
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135.4.7 PAMA4 encoding 

For lanes encoded as PAMA, the PMA transmit pracess shall nap conserative pats af bits to ane af fsur 
Gray-coded symbols as specified gp 20.37 

  

135.5.7.2 Precoding for PAM4 encoded lanes 

For lanes encoded as FAM, the PMA aball provide LU i+D) med 4 precoding capability on each @ansmit 
lane and may optionally provide 14141) tad 4 decoding capability on cach receive lane, 

On-each ansndt Jane, for cach Gray-caded symbol Gg), a precoded symbol Pg) shall be determined by the 
following algorithm, where / 18 un. inden indicating the symbol sanber: 

PU) = Gay ~ PET mod 4 SS 

On. cach receive lane, for each procadad syimbal Pry), a Groy-code symbal Gy) shall be detentuined by the 
following aleortany: 

GG) = (PGo + PED anod 4 19823 

The preeader is enabled independently for the iransunitier and receiver on. cach lane ¢@ and 1) and interface 

Gm towards the MAC and down tawards the PMD). Precadine is enabled and disatled using variables 

precader up is coable i precoder ip re enable 二 precoder, down tx enable 4 

  

precoder. down rx _etable # where £18 Q-orcly Ifa Clause 48° MDW). is implemented, the variables 
precoder 8 in enable 4 ace one up gs_enable. fy precoder down ie enable 到 

presader dow rx enable. fare accessible through register | £000, LOOT L602, amd bA05 (see AR A ETOR 
throvgh43.2 01 TRY. 

    

The variables precader yp tk enable jamd precoder up re enable i are ahwaye set ie 0 in a PMA that 

does not have a pliysical instantiation of its service inferfiee towards the MAC. The variables 

precader_down ix emible (and precoder down rs cpable fare always setia Dim a PMA that ROSS not 
hun. a pliysical mstantiagion af is service nrierfiics towards the PMD and is-net adjacent to a PMD. 

in a PMA that is adpeent ta «a SGGBASEWCR, SE6GBASE-ER. HWNGBASE-CR2, HAUNJBASE-KREO. 

SROOHASE-CRA. or ZOOGBARE-KRR4 PMID, preender, down ia, enable. # aid precoder_dowat rs. enable 2 
shall be sot as determined by the PMD coraral Recto an lane ¢ fee F368.) 1.7.5). The method by which 
the PMD contre! finiciion affeels these variables is Implementation dependent. 

435.5.8 PMA local loophack mode {optional 

PATA local lsogbuck mode is antional If it is mspleronied, ip shall be ue specified in this subciause. 

The PMA sublayer may provide a decal loopback Action, The diction involves looping back each in 

lang. fo 0 he Garrespanding euiput laste. Each. be received fom the 
PMACIS UNITDATA: Ereqnestiis symbol) in ig isoped back iowerd the MAC ushie the 
PMATS UNITDAT A. (indication(ine: syoibol) primitive. 

During local Jogpback, the PMA performs normal itt staging of POSL@FECTs per 13.3.5.2.anto the lanes ia 
the Tx direction toward the service interface below the PMA. 

  

Ability to perlomn this. himetion is indicated by the Loval Jacpback ability SR vacaile. Hoa Clanse 4$ 
MINO is inyplemronied, this variable Is aecescible throagh bit 1] BO LPs    
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A device is placed: in local loopback moe whee the Coral Joophack enable control variable is set te ang, 
and removed from local loopback mode when this variable is set to sera. Ye a Clanse 45 MDIO ts 
iroplemiented, this variable is accessible ihraush PMA/PMD control | resister (bi LALG, see S82 P18,         

NOTE--Placing a-cnetwork port inte loaphack mode can be disruptive to a nerwork, 

136.5.9 PMA remote loopback mode (optional) 

PMLA repiote loopback mode is optional, IP implemented, 1 shall -be as described in this subciause. 

Remate loopback, if provided, should be implemented Ina PMA sublayer clase SRS ta the PMD in 

whahitain-the bit sequence on each individual PMO Tine. When. remot doopback is enabled, each synibol 
received aver a dane af the service interface belaw the PMA via fastiS; UNITDATA ‘indication is looped 

hack us the corresponding CR lane toward the PMD wa jarnIS UNITDATA frequest, Note thet the 

service interface below ihe PMA can be provided In the PMD, FEC {LAUL? anly}, or another PMA 
sablayer, 

  

   

Durng remote loopback, the PMA performs normal bit muxitig of PCSL FECL per 1354.2 onto the lanes 
inthe Rx direction towards the PMA. client. 

  

The ability to perfernt tds finiciion is indicated by the SiG Remote loopback abliiy states varhible for 

SUGBASE-R EGG Reniote loopback ability status variable for IOGBASE-P, 

A devier is placed in norndte loapback made when the Remote loopback onable control variable is-get do 
one and remenved from remmate ioophack niods when this varishle is Ast te zero. 

  

fifa Clause 45 MDIG is Implemented, dhis variable is uccessibls through bie] 11S & 

fifa Clanse 48 MDI} is implemented, this variubic 1s accessible throagh PM ASPMD Control register 7 (hal 
i DD, 于 She 尽 

  

438.5.10 PMA test patterns (joptional 

  

Where the outpnt dames atthe PMA appear on a pleysically instantiaied interface LAUL-2, SOGAUT, 
AU or the PMD service intertice (whether or not is physically instantiaied), the PMA may 

optionally worerate gad detect test patierns. These test patterns are-used tm test adjacent-lager inerfaces for 
an individual PMA sublayer or to perform testing between a plyysically instantiated interface of a PMA 

sublaver and extemal test equipment: 

  

135.5.16.1 Test pattems for NRL encoded signals 

Por 4 SOGBASE-B. PMA with NRZ cnesding, dhe test pattems In Ths clause may Re suppsrigd, 

196.5.70.1.4 PRESS test pattem 

A PMA may optionally includes a PRBS31 tesipatier. generator on autpul lanes it cither direction as 

spenified wr Le 

  

A PMA may optional ly inchide a PRBS | tesi-pattern checker on input lates ni cider direction as specified 
ind 

  

136.5.10.1.2 PRESS test pattern 

A PMS. may optionally include @ PRIS iesi-pattern.. generator om output lanes m.cither direction. as 
speolfied mi P2008    
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736.6.10.1.3 Square-wave test pattern 

  

PALA may optionally inchide a squarcwave feetpatiern wenerator on dutgat lanes in-eisher direction as 
specified in { AA 

135,5.10.2 Test patterns for PAM encaded signals 

Fora SOG BASE-R PMA with PAMA encoding, the test patterns described ia dus clanse tay be supported, 

The PRESIIO and quidamary square wave test patterns are guibled on a lanc-by-lane bass. The pattems 

PRES3S1Q and SSPRG an enabled cn. all lance of an interface at once, Ha per-lane pattern ts enabled on obe 
or more of the lanes and a per-iiterface patter is also enabled, the per-lane patterns ae generated only on 
the indicated lanes and the per-interface patient is generated an the remaining lanes. The behavior mare 

fa oke per-lane pattem is enabled forthe same lane. or snore than one per-interface patterd is enabled a nat 

defined. 

  

Editars gofe. JPO3A and JPOSD test pailems were deleted from PS02.3hs. Since these pattems are 
required only by specications reference front P808 abs the relaisd lest patisny subciauses, MDIO vari- 
abies, and offer text were removed. This editor's note wil be removed in D7 3:       

V6.5.410.2.4 PRESTR test pattern 

   

  

LAS A PMA may optionally inclide a PRBS 19Q test-patiern generatoras apectfied in 1 

135.8.18.2.2 PRESAIQ test pattem 

  

A PMA may optionally inchide a PRBS31Q test-patiern generator ag apecified in 

135.5.10.2.3 SSPRO teat pattern 

A PMA may optionally mcinds a chort gress pattern. randonr quittemary (SSPRO} lest-patiorn generator as 
eye 

specified in LauS Vi 

  

435.6.10.2.4 Square wave (quaternary) test pattern 

Trauisniit square wave (qualemary) test-pattens generator opionally applies fo each lane of the Tx direction 
PMA towards &. physically instantiaied AGGALN-I or TOXGAUT-1], or towards a PAM PMD service 

机 
imerface whether or dot it is physically jastantiated as specified in F204 1S 2. 

  

135.6 PMA MDIO function mapping 

The optional MDIO capability described in Clause 45 describes several variables that provide comirol and 
siates fontatinn for and about the PMA, Sinee 3. giver implenioniation may employ more than dne PMA 
sublayer, the PMA control and stuns mibrmation is arganived inte multiple addressable instances, one for 

each possible PMA: sullaver, Soe 45.2.1 and 125.14 for the allocation af MMP addresses to PMA 
anblavers. Contral and stufis registers for MMD 8.9. and EO ase the Extended PMA contre! and stanis 
registers al hlentical locations us those for MMD f. 

      

  

Mapping af MDID control variables to PMA conirol variables is shown in Table 195-2. Mapping of MDIG 
status watiables to PMA status variables is shown in Table 134-3. Mapping of MDIO counter to PMA 
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vide the register and Dit numbers for the PMA addressed 
ntations Wit imoltipnie PMA asiblavers, additional PMA aibluvers ass the 

  

  

  

Remote loophack ER 
  
PMA remote loopback PMASPMD control | Pad 

PATA Iocal keophack: PMEAUPMYS control } 18.8 Local inophack enable 
  

Cane. Doup famaniitier gre 

coder enable 
PALA pesbadr contre age Ty, precader, pr ik enable | 

  

Lan O-pp transmitien pre- 

coder nals 

PMA precoder confi up TS 

  

Thane lap reeciver pre- 

cider anabke 

PMA Apr ds NE Rx prechderap cs enable | 

  

‘Liane Dugg reosbvde pee. 
coder enable 

PMA precoder contral nye Ros frecwder, oe rk enable 0 

  

Late j down trinenitter PMA precoder contol diss Ps precoder dinwn_ts enable | 

  

Lane RISE 
precoder snablhe 

PMA precoder caniral dowe, Ps: 1.60816 

  

precoder down te onable 1) 
  

  

Lane f dowd receiver pre- 
coder enalie 

PMA precoder contral davai Ry. fant fieceder down re onable | 

  

Lene 0 dosen moeiver pre. 

coder enable 
PALA precoder control dined Rx 1.803.0 precoder dowd rs cerable 

  

PRBS pattern testing contral 

  

FRBSAL enable 
  

PEBSS putters coable RECS pattern testing SEE PERSS enable 
  

PRBSSEQ. patiery tnaide PRES patton: testing contral PREASIO. pation enable 
  

SSERQ Bat fern enable PRBS pattern testing contral SSPRG fatter 2 enable, 
  

  

Tx generator: enable PRES pationn testing comet PRR STS gen 1 enable 
  

Ts cheokdr enable PRES pattem testing cantral PRIS Ps check enable 
  

  
Ry. generaior enable PRBS patlem testing conta LiShid PRBS Re son coable 

Rx shecker enable PRESS patient lesting cantral {1801.8 PRIS Ex check ae 
  

Lane G SW enable Sqnare wave testing control RE wave enable G 
  

L ate DAW enable 

    

Square Away 

  

RS | 

  

  

Lane DSW enable Sqnare wave testing control Apiere “Wave, enable 2 
  

Lape 3 SW imable   Square weve lesting control     Rate. wave. cable. 3       
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