Comparison of PCS proposals
with focus on burst immunity

Adee Ran, Cisco



Outline

e OQutline of proposals so far for 800GBASE-R PCS
 Why real-life tolerable BER is lower than the standard allows

e Considerations for choosing a PCS



Two proposals presented so far

32x25G PCS lanes (2x400GBASE-R PCS, aka “2x400GBASE-R”) 8x100G PCS lanes (aka “Sped-up 200GBASE-R”)
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Detailed comparison was provided in he 3df 01 220517
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https://www.ieee802.org/3/df/public/22_05/22_0517/shrikhande_3df_01a_220517.pdf
https://www.ieee802.org/3/df/public/22_03/bruckman_3df_01_220308.pdf

What is the maximum BER?

* BER specifications of PMDs and
AUls are given based on the FEC
performance analysis, assuming
uncorrelated (“random”) errors

e With the maximum BER on all sub-
links, assuming uncorrelated
errors, the end-to-end link can be
below the FLR target (6.2x10%)

e See analysis in
opsasnick 3df logic 220630a

e But...

124.1.1 Bit error ratio

The bit error ratio (BER) when processed according to Clause 120 shall be less than 2.4 % 107! provided that
the error statistics are sufficiently random that this results in a frame loss ratio (see 1.4.344) of less than
1.7 x 10712 for 64-octet frames with minimum interpacket gap when processed according to Clause 120 and
then Clause 119. For a complete Physical Layer, the frame loss ratio may be degraded to 6.2 < 107! for 64-
octet frames with minimum mterpacket gap due to additional errors from the electrical interfaces.

120G.1.1 Bit error ratio

The bit error ratio (BER) when processed by the PMA according to Clause 135 for 100GAUI-1 C2M or
Clause 120 for 200GAUI-2 or 400GAUI-4 C2M shall be less than 107,
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https://www.ieee802.org/3/df/public/adhoc/logic/22_0630/opsasnick_3df_logic_220630a.pdf

Tolerable BER in real life is lower

* |t is widely known that considerable margin in BER is required
e Why?

e Correlated errors can’t be ignored
e The standard’s FLR target is not acceptable is many use cases



Correlated errors

 Many receiver designs include a DFE
e Almost universal with CR/KR links
e Part of the reference receiver in 100G/lane AUls
e DFE is used in some optical receivers (although we never accounted for that)
e Even small DFE coefficients create error bursts occasionally
e Precoding can mitigate DFE bursts, but is not defined for optical links

e There are other sources of correlated errors

e Often not traceable to a single issue in one component
e Very difficult to debug

 Even mild cases of correlated errors change the slope of the waterfall curve
considerably
e Lower BER/DER (or higher SNR) is required to achieve the same FLR
e Coding gain is degraded
e By how much?



How much margin is enough

At 800 Gb/s, “equivalent of BER=1e- (ngtﬁilee);ggiz 3bs 02 1114)
13” means an error every 12 seconds! '

e Unacceptable in many cases
e ~“1e-18 is a common expectation

* Error every two weeks 0.5 dB degradation
. . . . . at
* The degradation in coding gain is “Ie-13 equivalent”
larger when the target performance is
better!
e The waterfall may even start “flattening” - .
. . 0.8 dB degradation
going to the right I
. . “le-18 ivalent”
e FEC scheme should consider coding / o

gain loss at better expected
performance


https://www.ieee802.org/3/bs/public/14_11/anslow_3bs_02_1114.pdf

My parameters for comparing proposals

* Performance with uncorrelated errors
e pre-FEC DER and AWGN SNR required to meet FLR objective

e Performance with correlated errors (strong DFE)
e With 100 Gb/s per lane (8-lane AUI/PMD)
e With 200 Gb/s per lane (4-lane AUI/PMD)

e Ease of implementation
e Considering backward compatibility
e Considering breakout, possibly in a module
e Considering existing pre-standard implementations...

e Latency



Burst immunity at 100G/lane (illustrated

2x400GBASE-R

22 B&1 A8l B51 A91 |B101 A101|BI111 A111(B121 A121|B131 A131|B141 Al4l|B151 A151
21 D80 CEO D90 C50 | D100 C100 | D110 C110 (D120 C120 (D130 C130 (D140 C140 ]
20 B&0 A80 B50 AS0 | B10O A100| BI110 A110[BI120 A120|B130 A130| B140 A140Q B150 A150
19 Co D9 C15 D19 C25 D29 C35 D39 C45 D49 C55 D59 C69 Da9 C75 D79
E A9 B9 Al19 B19 A29 B29 A39 B39 A49 BAS A59 B39 ABS9 BES ATS B79
17 Cs D8 Cl13 D18 C28 D28 C38 D38 C48 D48 C58 D58 C68 D63 C78 Q?S
16 AB B8 AlB B1B | A28 B25 | A38 B3B8 | A48 B48 | ASB B53 | AGE Bb8 | ATS BXS
15 C7 D7 C17 D17 C27 D27 C37 D37 C47 D47 C57 D57 C67 D67 ci7 D?\'
14 A7 B7 AL7 B17 | A27Y B27 | A3V B37 | A4T7 BAY | A5V BV | A6V B67 | ATV B?T\
13 C6 D6 Clo D16 C26 D26 C36 D36 C4n D46 C56 D56 C66 De6 C76 D76
12 Ab Bb AlG Blo | A26 B26 | A36 B36 | Ad6 B46 | AS6 B56 | AGBG BbG | AT6 B76
11 C5 D5 C15 D15 C25 D25 C35 D35 C45 D45 C55 D55 C65 D65 C75 D75
10 A5 BS Al5 B15 A25 B25 A35 B35 A45 BAS AS55 B35 AB5 BBS AT5 B75
9 C4 D4 Cl4 D14 C24 D24 C34 D34 C44 D44 C54 D34 C64 De4 C74 D74
8 Ad B4 Al4 B14 | A24 B24 | A34 B34 | A44 B44 | AS4 B34 | AB4 B4 | AT4 BT
7 C3 D3 C13 D13 C23 D23 C33 D33 C43 D43 C53 D53 C63 D63 C73 D73
] A3 B3 Al3 B13 A23 B23 A33 B33 Ad3 BA3 AS3 B33 AB3 BB3 AT3 B73
5 C2 D2 C12 D12 22 D22 C32 D32 C42 D42 52 D52 C62 D62 C72 D72
4 A2 B2 Al2 B12 | A22 B22 | A32B32 | A42B42 | AS2 B52 | AG2 BG2 | AV2 B72
3 CiD Cll1 D1 C21 D21 C3l1 D31 C4l1 D41 C51 D51 C61 D61 C71 D71
2 Al B1 A1l B11 | A21 B21 | A31 B31 | A41 B41 | A51 B51 | A6l Bel | A71 B71
1 C0O DO C10 D10 C20 D20 C30 D30 C40 D4AD C50 D30 C60 D60 C70 D70
0 AD BO A0 B10 | A20 B200 | A30 B30 | A40 B40 | AS0 B30 | A6D BeO | A70 B70

ul\Lane

ABE ABD

Sped-up 200GBASE-R

B38 B39

A98 A99

BS38 B99

AL08 AL0S

B108 B109

All8 AL11S

B118 B119

=Y

=]

L, I = ]

[T

2
1

ABG AB7 | B86 BS7 | A96 A97 | B96 BY7 |AL06 AL07|B106 B107 |A116 Al17|B116 B117
AB4 A5 | B84 BS5 | A4 AS5 | B94 BYS |A104 A0S |B104 B105 [A114 A115|B114 B115
AS2 AB3 | BS2 BS3 | A92 A93 | B92 BY3 |A102 A103 |B102 B103 [A112 A113 | B112 B113
AS0 AS1 Y B8O BSL | A0 A91 | B90 BY1 |A100 AL01|B100 B101 |A110 Al1l|B110 B111
B48 B49 J| 243 p49 | B58 B59 | A58 AS9 | BGS B69 | AGS AGY | B7S B7I | ATE AT9
B46 B47 | A46 A47 | BS6 BS7 | AS6 AS7 | B66 BG67 | AGE AG7 | B76 B77 | AT6 AT7
B44 B45 | A44 A45 | B54 B55 | A54 AS5 | BG4 B65 | AG4 AGS | B74 B75 | AT4 ATS
B42 B43 J| a42 p43 | B52B53 | A52 AS3 | B2 B63 | AG2 AG3 | BT2 B73 | A72 AT3
B40 B41 | A40 A41 | B50B51 | AS0 AS1 | BGOB61 | AGD AGL | B70 B7L | A70 A71
AS AZ B3 BY | ALS Al9 | BISB19 | A28 A29 | B28 B29 | A38 A33 | B38 B39
BGB7 | Al6A17 | B16B17 | A26 A27 | B26 B27 | A36 A37 | B36 B37
B4 BB\ A14 A15 | B14B15 | A24 A25 | B24B25 | A34 A35 | B34 B35
B2B3 | RS2 A13 | B12BI13 | A22 A23 | B22B23 | A32 A33 | B32 B33
BOBlL | A10 ATN] B10OB11 | A20 A21 | B20 B21 | A30 A31 | B3D B3l

2 symbols per CW:

Possible for3 < L < 22

2 symbols per CW:

Guaranteedfor7 < L <16

Minimum burst that might impacts 2 symbols: shorter in “2x400GBASE-R”

Minimum burst that is guaranteed to impact 2 symbols: shorter in “sped-up 200GBASE-R”
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We should not ighore 200G/lane

e |f we defer the analysis of the PCS FEC with 200G/lane (e.g. a future
800GAUI-4), we may face unexpected problems in the next project

e Will we redefine the PCS?
e The FEC defined in 802.3df should be a foundation for re-use



Burst immunity at 200G/lane (bit muxing

2x400GBASE-R Sped-up 200GBASE-R

B31 AB1 | B101 A101|B121 A121| B141 Al41

D90 CS0 | D110 C110 | D130 C130 | D150 C150

YR CEERSeT) e e ST BS2 B33 | B92 B93 | B102 B103 | B112 B113

Y o100 - socfarao risof et ario AS2 AB3 | A92 A93 |Al02 A103|Al112 A113

FEETS FETT PR BT B0 B81  B90 B91 ) B100 B101 | B110 B111

R i CTS BT 580 Asl Y 490 a91 [ A100 A101|A110 A111
2 symbols per CW: 3 < L < 4 T B nag pag | ass ass || aes ass | a7s a79

BT TR T B49 | BsaBs9 || P62 B69 | B78 B79
3symbolsperCW:5<L <6 o0 e oar [ corosr [ errom

a6 a7 | ase as7 || aes as7 | A76 AT7
2 symbolsperCW:2 <L <12
4 symbols per CW: 7 < L < 42 arer [ haronr | seroar [ aorees B46 B47 | B56 BS7 || B66 B67 | B76 B77

Clo D16 | C36 D36 | CsoDse | C76 D76
AlG B16 | A3G B36 | AS6 BS6 | ATG B76 Aw .le'.54 .IE'.55 Jﬂuﬁd' AEE .le'.._l"d- A?S

C6 D6 C26 D26 | C46 DA6 | C66 D66

b I < < AB BE A26 B26 Ad6 B46 AG6 B6E < < 544 545 55‘4 555 55'4 BEE B?‘q- B?S
5 symbols per CW: 43 < L < 62 sefeelo el =AM AT e S 1 = 42 na2 Aa3 | AS2 As3 | A62 A63 | A72 AT

C5 D5 C25 D25 CA5 D45 C65 D65
B42 B43 B52 B53 Bo2 Be3 B72 B73

A5 B3 A25 B25 | A45B45 | ABS BES
Cl4 D14 | C34 D34 | C54 D54 | C74 D74

Al4B14 | A34834 | AS4 BS54 | A4 BTA 4 symbols per CW: 23 < L < 32 A40 A41 ASD AS1 ApD ABl ATO AT1
cA DA C24 D24 C44 Daa C64 D64
A4 BA | A24B24 | A44 B4 | A6t Bed ) symbols per CW: 33<L <42 BAO B41 B30 B51 Ba0 Bel B70 B71

C12 D13 | €33 D33 | €53 Ds3 | C73 D72
A13 B13 | A33 833 | AS3B53 | AT3BT3
c3D3 | C23D23 | C43D43 | C63 D63
A3 B3 A23 B23 | A43 B43 | A63 B63 AR A9
C12D12 | c32D32 | Cs2Ds2 | €72 D72
A12 B12 | A32832 | As2B52 | AT2BT2
C2D2 | C22D22 | 42 D42 | C62 D62
A2B2 | A22B22 | A42 B42 | AB2 BE2
C11D11 | €31 D31 | €51D51 | C71 D71
Al1B11 | A31831 | A51B51 | A7LB7L

ot [ coron [ con [ corom Probability of burst impacting 2 or more symbols is too high in both proposals

B& B9 Bl13 B19 B28 B29 B3s B39
rﬁlﬂ A19 | A28 A29 | AZE A3S
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Burst immunity at 200G/lane (symbol muxing

Sped-up 200GBASE-R

2x400GBASE-R

Ul\Lane 0 1 2 3
D48 D49 | Ds8 D59 || D68 D63 | D78 D79
D46 D47 | D56 D57 | D66 D67 | D76 D77 \
D44 D45 | D54 D55 | D64 D6S | D74 D75 Bo0 Bol ABO Abl B70 B71 ATO AT1
D42 D43 | D52 D53 | D62 D63 | D72 D73
Da0 Dal | DS D51 ) D60 D61 | D70 D71 A45 A49 B4E B49 ASE AST B38 B39
cas cas | css cso | ces ce9 | cra cre
26 ca7 | c56 C57 | co6 o7 | 76 C77 Adb A4T B4AG6 B4AT ASB AST B56 B57
caa cas | csacss | cea ces | cracrs
2 symbols per CW: 17 < L < 36 ciacio Lo oo | o | cacr 2 symbols per CW: 7 < L < 16 B44 B4 | AS4 AS5 | B34 BSS
545 B49 | BSs B59 | B8 B69 | B7s B79 B42 B43 A52 AS3 B52 B53
B46 847 | BS6 857 | B66 B67 | B75 B77 -
B44 845 | BS54 855 | B6a B6s | B74 B75 A40 A41 B4AO B41 ASD ASL B30 B51
842 843 | BS2B53 | B62 863 | B72 B73
840 841 | 850 851 | Boo 861 | B70 B7L B28 B29 A28 AZ9 B38 B39 AZE A9
248 249 | Ass A59 | A6s A63 | A78 AT
W6 Aa7 | A56 A7 | Aob A67 | AT ATT B2o B27 A26 A2T B3io B37 AZB AZT
X 245 | A54 A5 | AGA AGS | A7 ATS
220%ezz | asz as3 | a6z ass | A2 a7 B24 B25 A24 A25 B34 B35 AZd A3S
240 2a1)] A5 A51 | A0 AGL | A70 A71
D2 09 || 018 D19 | D28 D29 | D33 Das B22 B23 A22 A23 B32 B33 AZ2 A33
06 D7 || D16 D17 | D26 D27 | D36 D37
0405 || D14 D15 | D24 D25 | D34 D35 3 B20 B21 A20 A21 B30 B31 A0 AL
D2 D3 || D12 D13 | D22 D23 | D32 D33
D0 D1 || D10 D11 | D20 D21 | D30 D31 4 BE B9 A18 Al9 Bl18 B19
csco || cazcio | casco9 | cescag
c6c7 | ci6c17 | c26ca7 | 36 caz 3 B B7 Ale AL1T Ble B17
cacs | cuacis | caaces | caacas
c2c3 Jcizcis | caaces | ca2cas 2 B4 BS Ald AlS B14 B15
coct || ciocu | caocan | caocal
B3 B9 || 13 B19 | B23 B29 | B3s B39 1 B2 B3 AlZ AL3 B12 B13
86 87 || Bl B17 | B26 B27 | B36 B37
Baps f§ 814815 | B24 B25 | B34 B35 0 BO B1 AlD A1 B10 B11
8283 || B12B13 | B22B23 | B32B33
. 8061 || B10811 | B20 B21 | Bao Bal )
3 SymbOlS per CW:37 <L <56 ag a9 J| a18 A19 | A28 a29 | A3s A3s 3 SymbOIS per CW:17 <L <36
Gt A7 | Als A17 | A26 A27 | A6 A37
A% A14 A1S | A24 A25 | A34 A35
Az\z\ 212 A13 | A22 A23 | A32 A33 I f b . . f I I . h . I . |
20 a1 | A0 ars | 220 a2t | As0 Ao mpaCt of bursts Is SIgnitica nt Yy lower wit 4-Way inter eaving:
) S—
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"Sped-up 200GBASE-R” proposal

Performance with uncorrelated errors
e 200GBASE-R has been analyzed in 802.3bs; standard FLR target requires DER<6.1e-4, SNR>16.965 dB

Performance with correlated errors (strong DFE, a=0.75)

e 8 physical lanes (analyzed in opsasnick 3df logic 220630a): DER<2.5e-4, ASNR=0.66 dB (with precoding)
e Better immunity to bursts than 400GBASE-R due to symbol-by-symbol lane distribution
* 4 physical lanes (separate analysis): DER<1.1e-4, ASNR=1.21 dB (with precoding)

e Large coding gain degradation compared to 400GBASE-R
e Restored to 100G (ASNR=0.66 dB) with symbol muxing

Implementation
e Same architecture as 200GBASE-R, but higher data rate (no simple re-use)
e Breakout to 2x400GBASE-R is not simple
* Not compatible with existing implementations; supporting them will require some duplication

Latency
» Buffering time for two codewords at 800 Gb/s: 12.8 ns

July 2022 plenary meeting, Montreal IEEE P802.3df 13


https://www.ieee802.org/3/df/public/adhoc/logic/22_0630/opsasnick_3df_logic_220630a.pdf

7 2x400GBASE-R” proposal

Performance with uncorrelated errors
e 400GBASE-R has been analyzed in 802.3bs
* 4-way codeword interleaving requires a factor of 7 in “post-FEC BER” (codeword error ratio) to get the same
FLR as 2-way — but the impact on pre-FEC DER is negligible (5.8E-04 vs. 6.1E-04); ASNR=0.04 dB
Performance with correlated errors (strong DFE, a=0.75)

e 8 physical lanes (analyzed in opsasnick 3df logic 220630a): DER<2.6e-4, ASNR= 0.63 dB (with precoding)
e Better burst immunity than 400GBASE-R (0.07 dB) due to 4-way codeword interleaving

e 4 physical lanes (separate analysis): DER<1.9e-4, ASNR= 0.85 dB (with precoding)
e Significant coding gain degradation compared to 400GBASE-R
* Improved compared to 100G (ASNR=0 dB) with symbol muxing

Implementation
e Same logic and clock frequency for 1x800GBASE-R and 2x400GBASE-R (simple re-use)

e Easy breakout
e Compatible with existing implementations

Latency
» Buffering time for four codewords at 800 Gb/s: 25.6 ns

July 2022 plenary meeting, Montreal IEEE P802.3df 14


https://www.ieee802.org/3/df/public/adhoc/logic/22_0630/opsasnick_3df_logic_220630a.pdf

Comparison table

Parameter

Performance with uncorrelated errors

“Sped-up 200GBASE-R”
Good

“2x400GBASE-R”
Good (ASNR=0.04 dB)

8 physical lanes

Degraded, ASNR=0.66 dB

Degraded, ASNR=0.63 dB

Performance with | 4 physical lanes

Degraded, ASNR=1.21 dB

Degraded, ASNR=0.85 dB

correlated errors 4 physical lanes,

symbol muxing

Degraded, ASNR=0.66 dB

Close to uncorrelated

Re-use 200GBASE-R architecture | 400GBASE-R design
400G compatibility (breakout) No Yes
Codeword buffering latency 12.8 ns 25.6 ns

July 2022 plenary meeting, Montreal
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Summary

e Performance with error bursts should be considered

e With 8 physical lanes, both PCS proposals are roughly equivalent (and
are similar to 400GBASE-R PCS)

* With 4 physical lanes:
e With bit-muxing, both PCS proposals seem too vulnerable for bursts

 |f we consider symbol-muxing:
e “sped-up 200GBASE-R” can be restored back to 8-lane degradation
e “2x400GBASE-R” can become almost immune to bursts (no degradation)

e “2x400GBASE-R” has a significant advantage
o “2x400GBASE-R” is favorable from most other aspects too



Thank you

Questions?
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