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High-Level Summary and comparison to Phoenix PAM8 baseline proposal

Most of the Phoeni proposal as adopted in the draft• Most of the Phoenix proposal was adopted in the draft. 
Some of the items needed more detail that were added. 

• For now, we call this new Phy, 100GBase-MR

• The EEE spec is only in form of place holder, TBD.The EEE spec is only in form of place holder, TBD.

• Most of the time, when there is a “TBD” in the spec, the 
suggested value is also specifiedsuggested value is also specified.

• Below is what was changed in the draft compared to 
Phoenix proposal

• For the multi-layer coding, the outer 802.3bj 100GBase KR4 FEC code 
was replaced with bch(8072,7968,T=8,m=13)

Th DSQ 32 ti i t d t il d i th D ft 0 1
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• The DSQ-32 option is not detailed in the Draft v0.1
• The TX Transmit characteristics and the RX tests are not exactly as 
specified in the Phoenix proposal. (See the following slides for details)



High-Level Summary and comparison to Phoenix PAM8 baseline proposal
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High-Level Summary and comparison to Phoenix PAM8 baseline proposal
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High-Level Summary and comparison to Phoenix PAM8 baseline proposal
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High-Level Summary and comparison to Phoenix PAM8 baseline proposal

Edit i l i ith th d ftEditorial issue with the draft

• The original file format of the draft is not Adobe g
FrameMaker. The document is written in Microsoft Word.

• Some of the diagrams are screen shots rather than• Some of the diagrams are screen shots rather than 
detailed drawings.

Th d ft d t i l id d i th Ad b PDF• The draft document is also provided in the Adobe PDF 
format.

The Author understands this shortcoming and apologizes to 
802.3bm editorial team. This issue will be fixed in the 
subsequent version of the draft
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subsequent version of the draft. 



Draft Structure
96. Physical Medium Attachment (PMA) sublayer, Physical Medium 
Dependent (PMD) sublayer, and baseband medium, type 100GBASE-MR

96 1 Overview: Associated clauses and relationship to OSI layers96.1 Overview: Associated clauses and relationship to OSI layers
96.2 Physical Medium Attachment (PMA) service interface: Details the 
Overhead frame structure and PAM8 encoding. Also defines test patterns.
96.3 Physical Medium Dependent (PMD) Sublayer: Defines test points, 
100GBase-MR reach, Transmit and receiver characteristics and associated 
tests.
96.4 Environmental specifications: Defines General safety and Laser safety.
96 5 Environment: Defines Electromagnetic emission temperature humidity96.5 Environment: Defines Electromagnetic emission, temperature, humidity 
and handling.
96.6 PMD labeling requirements: Defines PMD labeling requirements.
96.7 Fiber optic cabling model: Defines the cable model.
96 8 Ch i i f h fib i bli ( h l) D fi h l96.8 Characteristics of the fiber optic cabling (channel): Defines channel, 
optical fiber cable, optical fiber connection and connector reflection 
requirements.
96.9 Protocol implementation conformance statement (PICS) proforma for
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96.9 Protocol implementation conformance statement (PICS) proforma for 
Clause 96, Physical Medium Dependent (PMD) sublayer and baseband 
medium, type 100GBASE-MR



High-level walkthrough of subclauses
96.1 Overview

•The current draft does not include the subclause xx-MLC-FEC. 

•The Draft v0.1 MLC FEC has some differences with Phoenix proposal which is
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The Draft v0.1 MLC FEC has some differences with Phoenix proposal which is 
detailed in the subsequent pages.



High-level walkthrough of subclauses
MLC FECMLC FEC
•Phoenix Proposal used 802.3bj KR4 FEC as outer code

• Draft V0.1 uses bch(8072,7968,T=8,m=13) as MSB FECs

•The new proposal has lower decode latency better coding

10

The new proposal has lower decode latency, better coding 
gain and lower Baud-rate!



High-level walkthrough of subclauses

MLC FEC
• LSB Block size 8100 bits
• LSB code rate: 1156/2025 (approximately 0.571)

MSB block si e 8072 bitsMSB block size:8072 bits  
• MSB code rate: 996/1009 (approximately 0.987)

• Number of extra unused overhead bits in the MSB block: 56 (detailed mapping is 
specified in the draft subclause 96 2 2 2)specified in the draft subclause 96.2.2.2)

• Combined Code Rate including extra overhead: 1028/1215 (approximately 0.846)

Like Phoenix proposal the MLC FEC requires transcoding change from 64b/66b to• Like Phoenix proposal, the MLC-FEC requires transcoding change from 64b/66b to 
256b/257b

• PAM8 symbol rate including the transcoding: 39.55078125 Gbaud (Phoenix proposal was 
40 4296875)40.4296875)

• CAUI-4 clock to PAM-8 clock conversion ratio: 135/88
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High-level walkthrough of subclauses

MLC FEC
•PAM-8 SNR for 1E-15 BER: better than 19.6dB (Phoenix proposal was 19.6dB)

• The 6dB Set-Partition gain does not fully materialize because some of the optical 
noise so rces are amplit de dependent (s ch as RIN)noise sources are amplitude dependent (such as RIN). 
• If the noise was AWGN, then the PAM-8 SNR for 1E-15 BER should have been 
19.3dB. So there is a loss of 0.3dB due to non-AWGN noise effect

Encoder latency: 25ns• Encoder latency: 25ns
• Decoder latency: Block receive time + Decode time = 205ns+125ns=330ns (A minimum 
saving of 20ns compared to Phoenix proposal!)

Description Phoenix proposal Draft v0.1Description Phoenix proposal Draft v0.1
MLC coding scheme 6dB set partitioning 6 dB set partitioning
257b/256b transcoding Required Required
B d t 40 4296875Gb d 39 55078125Gb dBaud rate 40.4296875Gbaud 39.55078125Gbaud
Required SNR for 1E-15 19.6dB <19.6dB
Encoder latency 25ns 25ns
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Decoder latency 350ns to 405ns 330ns



High-level walkthrough of subclauses
96.2 Physical Medium Attachment (PMA) service interface

• Most of the spec was leveraged from 802.3bj 100GBase-KP4 by reducing the 
number of lanes from 4 to 1number of lanes from 4 to 1.

• The EEE support is not included. It is TBD as place holder.

• The 56-bit overhead insertion, partial gray coding and unipolar PAM8 mapping 
scheme is completely defined
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High-level walkthrough of subclauses
96.2 Physical Medium Attachment (PMA) service interface

Test patterns

• JP03A and JP03B is adopted from 100GBase KP4. They are called JP07A and 
JP07B. These are clock outputs used for jitter measurement.

• JP07C is added . It is a PRBS31 used for average power measurement

• JP07D is added. It is a low speed clock used for OMA measurement

• QPRBS31 is adopted from 100GBase KP4. It is called Octal_PRBS31. It is 
used for SNDR measurement and receiver test
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High-level walkthrough of subclauses
96.3 Physical Medium Dependent (PMD) Sublayer
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High-level walkthrough of subclauses
96.3 Physical Medium Dependent (PMD) Sublayer

Transmitter characteristics and transmit output test

•Transmitter output launch power, OMA, Extinction Ratio and transition time is 
measured similar to 10GBase-LR spec and the values are in accordance with 
Phoenix proposal.

•Transmitter output jitter and linearity test is done similar to 100GBase-KP4
• Linear fit is used to measure the TX SNDR. This will result in averaging of 
the RINthe RIN.
• Clock pattern (JP07A) is used to measure Clock-Random-Jitter (CRJ) and 
Clock-Deterministic-Jitter (CDJ)
•This is a similar spec (but not exactly equivalent) to the Phoenix proposal

T i l i l d i b i U i l O i PAM bi l• Tests are in electrical domain by converting Unipolar Optica PAM to bipolar 
electrical PAM
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High-level walkthrough of subclauses
96.3 Physical Medium Dependent (PMD) Sublayer

TDP has been replaced with Linear fit test and Clock jitter test

• Section 96.3.10.9 explains linear fit method similar to 100G Base-KP4 to test the output 
of transmitter at TP2

TP2 i l d d l t d i l t i l i /jitt i dditi t L RIN• TP2 includes modulator driver electrical noise/jitter in addition to Laser RIN

•Test equipment connected to TP2 will most likely require conversion of optical signal to 
electrical signal which adds to TP2

T t i t h l i ti l• Test equipment channel insertion loss
• Shot noise
• Test equipment TIA thermal noise
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High-level walkthrough of subclauses
Linear fit test and Clock jitter test

Assuming :
• Minimum TX average launch power of -0 78dBm per 96 3 10 5 Flat laser RIN=-142dB/Hz andMinimum TX average launch power of 0.78dBm per 96.3.10.5, Flat laser RIN 142dB/Hz and 
modulator linearity of 34dB Peak_Signal/Noise_average ratio, 2ps sinusoidal TX DJ and 250fs TX RJ
•Test equipment channel insertion loss=1dB, TIA NEP=15pA/sqrt(Hz) and Test Equipment BW>20GHz
• Test pattern is Octal_PRBS

Results in:
The linear fit error σ(e)=0.0468 normalized to signal peak for 96.3.10.9 and SNDR=8.8dB per 96.3.10.11

Assuming:Assuming:
• Minimum TX average launch power of -0.78dBm per 96.3.10.5, Flat laser RIN=-142dB/Hz , modulator 
linearity of 34dB Peak_Signal/Noise_average ratio, 2.5ps sinusoidal TX DJ and no TX RJ
• Test equipment channel insertion loss=1dB, TIA NEP=15pA/sqrt(Hz) and Test Equipment BW>20GHz
• Test pattern is 20GHz clock JP07Ap

Results in:
CDJ=0.08UI and CRJ=0.015UI. Section 96.3.10.10 lists CDJ=0.08UI and CRJ=0.01UI
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High-level walkthrough of subclauses
96.3 Physical Medium Dependent (PMD) Sublayer
TX Output jitter and linearity

Phoenix proposalPhoenix proposal

Draft v0.1
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High-level walkthrough of subclauses
96.3 Physical Medium Dependent (PMD) Sublayer

The transmitter spec does not define transmit filter and the transmitter test allows 
for certain amount of static non linear compensation (on the receive side) This isfor certain amount of static non-linear compensation (on the receive side). This is 
to enable various options for TX implementation (Same as Phoenix proposal).

Phoenix presentation page 5
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High-level walkthrough of subclauses
96.3 Physical Medium Dependent (PMD) Sublayer

Receiver characteristics and receiver test

• Receiver spec with the exception of the receiver tolerance test was adopted 
from the Phoenix proposal

F i t l t t d• For receiver tolerance test, and 
interference tolerance and jitter 
tolerance is defined but the spec is 
not fully populated. y p p

-The objective is to define a 
similar test to 100GBase-KP4 
that stresses the receiver 
using Octal PRBS13using Octal_PRBS13
- The test includes modeling 
of all relevant noise sources, 
including MPI
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High-level walkthrough of subclauses
96.4 Environmental specifications
96.5 Environment
96.6 PMD labeling requirements

The spec is adopted from 10GBase-LR with appropriate changes.
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High-level walkthrough of subclauses
96.7 Fiber optic cabling model 

The section is not populated. 

Recommended to be based on dual-trunk architecture model having up to 8 
connectors with a mix of APC and non-APC types.

http://www.ieee802.org/3/bm/public/mar13/kolesar_02_0313_optx.pdf page 3
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High-level walkthrough of subclauses
96.8 Characteristics of the fiber optic cabling (channel)

The section is adopted from 10GBase-LR4 with actual values coming from 
Phoenix proposalPhoenix proposal. 
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High-level walk through of subclauses
96.9 Protocol implementation conformance statement (PICS) proforma for 
Clause 96, Physical Medium Dependent (PMD) sublayer and baseband 
medium, type 100GBASE-MR

This section is not populated. It is TBD.
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Back p slidesBackup slides
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Phoenix Proposal: Low-Latency PAM-8 Strong FEC 
• Block size: 8280
• Code Rate: 119/207
• Number of Extra OH bits: 200
• Code rate including extra OH: 38/69 (Approximately 0.55)Code rate including extra OH: 38/69 (Approximately 0.55)

• Spectral Efficiency (Excluding bj FEC): 1+1+38/69=176/69 (Approximately 2.55)
• Baud-Rate=103.125*69/176=40.4296875 Gs/s

• CAUI-4 clock to PAM-8 clock conversion ratio: 69/44
• This is a simple multiple of 156.25MHz. 100G Base KP4 is using a similar 2 digit ratio

•PAM-8 SNR for 1E-15 BER: 19.6dB8 S o 5 9 6d
• The 6dB Set-Partition gain does not fully materialize because some of the optical 
noise sources are amplitude dependent (such as RIN). 
• If the noise was AWGN, then the PAM-8 SNR for 1E-15 BER should have been 
19.3dB. So there is a loss of 0.3dB due to non-AWGN noise effect

• Encoder latency: 25ns
• Decoder latency: Block receive time + Decode time = 205ns+100ns=305ns 

• Extra latency required for bj FEC Decoder. 
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y q j
• If the bj FEC decoder is implemented in the ASIC, latency is 100ns
• If the bj FEC decoder is implemented in the module, latency is 45ns



Phoenix proposal Page-16
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Phoenix proposal Page-20
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