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Background and Introduction

o In Hawaii meeting, how to interleave from multi-Codewords in KP4 FEC
Is one of key item to be investigated for moving 400GbE standard
forward

Method of forming PCS lanes from FEC codewords is
TBD and dependent on further error analysis

gustlin_3bs_02c_0715

o In this contribution, following work are investigated to address FEC
performance & architecture in 400GbE

> Update FEC performance from “wang_x_3bs 01_0715"
> Observation of FEC architecture of 400GbE
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http://www.ieee802.org/3/bs/public/15_07/gustlin_3bs_02c_0715.pdf
http://www.ieee802.org/3/bs/public/15_07/wang_x_3bs_01_0715.pdf

Assumption for KP4 FEC Performance Analysis

o Summary from previous discussion or consensus

> End-to-End FEC to cover both of optical and electrical link

> Two-part link model

> Bit-multiplexing only in PMA

> Upto 5 interfaces from optical and electrical link

> Random error only from optical link

> Random error only from C-M electrical link

> Burst error by DFE error propagation only from C-C electrical link

> Single signal level transition error in PAM symbol as only Gaussian noise

included as in “wang t 3bs O0la 0315”

> DFE Error propagation probability for PAM4 signaling:
» a=0.75asin “wang_t 3bs 01 0515"

> 0.2dB KP4 FEC coding gain to cover electrical links
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http://www.ieee802.org/3/bs/public/15_03/wang_t_3bs_01a_0315.pdf
http://www.ieee802.org/3/bs/public/15_05/wang_t_3bs_01_0515.pdf

Options of Forming PCS lanes from
FEC Codewords

o Scheme 1: One FEC instances with bit multiplex in PMA. No Pre-
interleave

o Scheme 4: Pre-interleaved by bit granularity as “wang_t_3bs_0la 0115"

o Scheme 6: Alternative 4-way Pre-interleaved by RS FEC symbol

granularity
> Scheme 6a: Worst case w/ bit mux between RS FEC symbols from same FEC codeword;

> Scheme 6b: Best case w/ bit mux between RS FEC symbol from different FEC codewords;

o Scheme 7: FOM bit mux

> Scheme 7a: 2:1 mux for 50G per lane
> Scheme 7b: 4:1 mux for 100G per lane

o Scheme 8: alternative 2-way Pre-interleaved by RS FEC symbol

granularity in worst case

*: All of Scheme # is inline with “anslow_01_0815_logic”
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http://www.ieee802.org/3/bs/public/15_01/wang_t_3bs_01a_0115.pdf
http://www.ieee802.org/3/bs/public/adhoc/logic/aug25_15/anslow_01_0815_logic.pdf

Updated Assumption after July Meeting

o Maximum Burst Length:

> The initial proposal of Scheme 4 in “wang_t _3bs 0la 0115”

» All PAM4 error patterns for 2-17 symbols long burst errors
» Good candidate for facing short burst as in previous analysis

» Average BER between multi physical lanes in “wang_x_3bs 01 _0715"

> From “FEC Group Weekly Meeting” after Hawaii meeting, up to 75 PAM4

symbol burst error per FEC codeword is considered

> The maximum burst length will significantly influence FEC performance and

final selection for FEC architecture
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http://www.ieee802.org/3/bs/public/15_01/wang_t_3bs_01a_0115.pdf
http://www.ieee802.org/3/bs/public/15_07/wang_x_3bs_01_0715.pdf

Updated KP4 FEC Performance for PAM4 Links
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Observation 1: Risk of Scheme 1 with limit “a”

o In“wang_x 01 3bs 07157 the o FEC performance degraded by
following figure shows the error “a” parameter from 0.5 to 0.75,
floor impacted by “a” parameter especially for Post-BER>1E-15

from 0.5t0 0.75
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i Random -
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o Limiting implementation of DFE architecture and tap coefficient
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http://www.ieee802.org/3/bs/public/15_07/wang_x_3bs_01_0715.pdf

Observation 2: Deliverable of Scheme 6b

o For Host ASIC with 8X50G PAM4 C-M electrical interface, it is feasible
to multiplex LSB/MSB of PAM4 symbols from different FEC codeword

and thus improve FEC performance.

Scheme 6b:
Best case in
50Gbps PAM4 lane

\

400GbE
PCS/FEC/PMA

Scheme 6a:
Worst case in
50Gbps PAM4 lane

\/

o If no 16X25G physical lanes required, scheme 6b can be implemented
and provide ~0.4dB additional coding gain than scheme 6a
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Observation 3: 100Gbps per Optical Lanes

o If assuming ONLY random error from optical link, FEC performance for
100Gbps and 50G optical lane will be same

o However, considering burst errors:

> With Scheme 7a vs 7b (aka FOM), > With Scheme 6_and 8, FEC
FEC performance will be improved performance will degrade for
for 100Gbps lane 100Gbps lane in worst case
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o Foresee FEC performance degrade for Scheme 6&8 in 100Gbps per

lane, and scheme 6 gives more coding gain
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Observation 4: Burst Error Impact from Optical Link

o In“wang_x 01 3bs 0715" even assuming a=0.2 error propagation probability for

burst error in optical link, performance of Scheme 1 will degrade ~0.6/1.0dB with

a=0.5/0.75 in electrical link

o  With bitmux between symbols in same FEC codeword, Scheme 1 weaken the burst

error correct capability of RS FEC
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http://www.ieee802.org/3/bs/public/15_07/wang_x_3bs_01_0715.pdf

Potential Source of Burst Error from
“wang _x 01 3bs _0715”
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http://www.ieee802.org/3/bs/public/15_07/wang_x_3bs_01_0715.pdf

Consideration of FEC Architecture and
Performance

As in “dambrosia 3bs 01 1114 for “FEC Architecture Discussion”:

Architecture needs to be flexible for future evolution

Consideration for FEC architecture, it should be

> Robust enough for all of physical links and independent to specific
implementation, for example RX Equalizer

> Trade off on latency, performance and hardware complexity as in
“‘wang_x_3bs _0la 0115”

Steep FEC performance curve will help to improve system stability
Provide good margin of FEC performance that

> Not at edge working point and has severe error floor;

> Tolerant for other error except random only, even it is hard to quantify;

> Permitto further lower post-BER to several order of magnitude
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http://www.ieee802.org/3/bs/public/14_11/dambrosia_3bs_01_1114.pdf
http://www.ieee802.org/3/bs/public/15_01/wang_x_3bs_01a_0115.pdf

Conclusion

Scheme 1 has poor FEC performance or limiting to specific

implementation.

Scheme 6 &8 is much better on FEC performance

> From latency perspective, Scheme 8 is preferred as saving ~26ns

> From performance perspective, Scheme 6 is preferred as improving ~0.3dB
400GbE FEC architecture from implementation perspective:

> 4X100G architecture is best for Scheme 6 with same latency as 802.3bj

> 2X200G architecture is best for Scheme 8 with further lower latency

> 4X100G architecture is nature to support Breakout and Flexible Ethernet
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Thank You
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BACKUP
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KP4 FEC Performance of Scheme 1
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KP4 FEC Performance of Scheme 4
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KP4 FEC Performance of Scheme 6
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KP4 FEC Performance of Scheme 7
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KP4 FEC Performance of Scheme 8
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Precoding in “wang_t_3bs_01_1114"
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http://www.ieee802.org/3/bs/public/14_11/wang_t_3bs_01b_1114.pdf

ONE FEC Architecture in Ethernet
in “wangx_01 0615 logic”
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http://www.ieee802.org/3/bs/public/adhoc/logic/jun29_15/wangx_01_0615_logic.pdf

FEC Discussion in 802.3bj

o From performance perspective, concern on ONE FEC architecture with

simple bit mux is already raised.

gustlin 02 0911 gustlin 01a 1111
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http://www.ieee802.org/3/bj/public/sep11/gustlin_02_0911.pdf
http://www.ieee802.org/3/bj/public/nov11/gustlin_01a_1111.pdf

