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Introduction

anslow 3ck 01 0918 showed that for 100G using a Clause 91 FEC sublayer,
4:1 bit muxing and precoding, the performance expected with a multi-tap DFE
with a large first tap and medium sized subsequent taps is likely to be
unacceptable.

This presentation provides curves for smaller first tap and smaller subsequent
tap values that may be appropriate for a chip-to-module (C2M) interface.

Slides defining the DFE model used and the assumed FEC interleaving
schemes are contained in an Annex.


http://www.ieee802.org/3/ck/public/18_09/anslow_3ck_01_0918.pdf

Candidate C2M DFE tap limits 1

It has been proposed to limit the C2M Rx to be a four tap DFE with
constraints:

0<t1<0.5
-0.05<t2<0.2
-0.1<t3<0.1
-0.05<t4<0.05

Assuming that a worst case tap set will have all tap values at one limit or the
other, the following 8 cases were examined:

0.5,0.2,0.1, 0.05 0.5,0.2,0.1, -0.05 0.5,0.2,-0.1, 0.05
0.5,0.2,-0.1, -0.05 0.5, -0.05, 0.1, 0.05 0.5, -0.05, 0.1, -0.05
0.5, -0.05, -0.1, 0.05 0.5, -0.05, -0.1, -0.05

The worst set out of these with precoding was 0.5, 0.2, -0.1, 0.05



100G with 4-tap DFE (0.5, 0.2, -0.1, 0.05)

Frame loss ratio (FLR)

1.E+00 -

1.E-01
1.E-02
1.E-03
1.E-04
1.E-05
1.E-06
1.E-07
1.E-08
1.E-09
1.E-10
1.E-11
1.E-12
1.E-13
1.E-14
1.E-15

AN

.
\ i ’9/70,0
~__ 7
x = Monte Carlo > \ \
. data points Q AN

2 % \

E! _02 \ \\
o
e
3 N

0.5,0.2,-0.1,0.05

2 %
%\ 2 \\
= *+
1E-12 equivalent © 1
1 (}\\ % — 1 codeword,
“o\ ) ~— 4:1bit mux, precoded,
\ %o \ 0.5,0.2,-0.1,0.05
‘/} \ |
1E-15 equivalent \ e -‘
\ © 1 codeword,
h 4:1 bit mux,

10

1

N\

"SNR" (dB)

3

14

15 16




400G with 4-tap DFE (0.5, 0.2, -0.1, 0.05)

Frame loss ratio (FLR)
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Multi-part link results 1

For a multi-part link, the BER of the electrical sub-links for a BER of 2.4E-4 in the optical sub-

link are shown in the table below.

100G RS(544,514) for FLR = 6.2E-10
Electrical Optical

Stats | Slicerout | FECin DER, SNR (dB) Stats FEC in
1 codeword, 4:1 bit mux, precoded, t1 =1.0 Burst 8.4E-5* 4.2E-5 4.2E-5 12.1 Random 2.4E-4
1 codeword, 4:1 bit mux, precoded, 0.5, 0.2, -0.1, 0.05| Burst 2.3E-5* 3.2E-5 3.1E-5 12.3 Random 2.4E-4
1 codeword, 4:1 bit mux, 0.5, 0.2, -0.1, 0.05 Burst 3.0E-5* same 4.1E-5 12.1 Random 2.4E-4
400G RS(544,514) for FLR = 6.2E-11
2 codeword, 4:1 bit mux, precoded, t1 = 1.0 Burst 5.4E-5* 2.7E-5 2.7E-5 12.3 Random 2.4E-4
2 codeword, 4:1 bit mux, precoded, 0.5, 0.2, -0.1, 0.05| Burst 1.4E-5* 1.9E-5 1.8E-5 12.5 Random 2.4E-4
2 codeword, 4:1 bit mux, 0.5, 0.2, -0.1, 0.05 Burst 1.9E-5* same 2.6E-5 12.3 Random 2.4E-4

Note — these values are the BER including the additional errors due to the bursts. To account
for burst errors, the values marked with “*” have been multiplied by 4 for a 1-tap DFE and 1.47

for the 0.5, 0.2, -0.1, 0.05 case.




Candidate C2M DFE tap limits 2

Following an analysis of tap weights used for “reasonable” C2M channels
performed by Phil Sun and in order to reduce the worst case penalty, the
proposed limits were modified as below:

0<t1<0.5
-0.05<t2<0.2
-0.05<t3<0.1
-0.05<t4<0.05

Assuming that a worst case tap set will have all tap values at one limit or the
other, the following 8 cases were examined:

0.5,0.2,0.1, 0.05 0.5,0.2,0.1, -0.05 0.5, 0.2, -0.05, 0.05
0.5, 0.2, -0.05, -0.05 0.5, -0.05, 0.1, 0.05 0.5, -0.05, 0.1, -0.05
0.5, -0.05, -0.05, 0.05 0.5, -0.05, -0.05, -0.05

The worst sets out of these were:
0.5, 0.2, -0.05, 0.05 with precoding
0.5, -0.05, 0.1, -0.05 without precoding



100G with 4-tap DFE (0.5, 0.2, -0.05, 0.05) worst with precoding
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100G with 4-tap DFE (0.5, -0.05, 0.1, -0.05) worst without precoding
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400G with 4-tap DFE (0.5, 0.2, -0.05, 0.05)

Frame loss ratio (FLR)
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Candidate C2M DFE tap limits 3

It has been stated that as long as the subsequent taps are small, the first tap
can be large without much impact, to explore this try:

0<t1<0.8
-0.05<t2<0.2
-0.05<t3<0.1
-0.05<t4 <0.05

Assuming that a worst case tap set will have all tap values at one limit or the
other, the following 8 cases were examined:

0.8,0.2,0.1, 0.05 0.8,0.2,0.1, -0.05 0.8, 0.2, -0.05, 0.05
0.8, 0.2, -0.05, -0.05 0.8, -0.05, 0.1, 0.05 0.8, -0.05, 0.1, -0.05
0.8, -0.05, -0.05, 0.05 0.8, -0.05, -0.05, -0.05

The worst set out of these was: 0.8, 0.2, -0.05, 0.05 with precoding

11



100G with 4-tap DFE (0.8, 0.2, -0.05, 0.05) worst with precoding
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400G with 4-tap DFE (0.8, 0.2, -0.05, 0.05) worst with precoding
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Multi-part link results 2

For a multi-part link, the BER of the electrical sub-links for a BER of 2.4E-4 in the optical sub-
link are shown in the table below.

100G RS(544,514) for FLR = 6.2E-10
Electrical Optical

Stats | Slicerout | FECin DER, SNR (dB) Stats FEC in
1 codeword, 4:1 bit mux, precoded, t1 =1.0 Burst 8.4E-5* 4.2E-5 4.2E-5 12.1 Random 2.4E-4
1 codeword, 4:1 bit mux, precoded, 0.5, 0.2, -0.05, 0.05| Burst 2.8E-5* 4.0E-5 3.9E-5 12.1 Random 2.4E-4
1 codeword, 4:1 bit mux, precoded, 0.8, 0.2, -0.05, 0.05| Burst 4.4E-5* 3.6E-5 3.4E-5 12.2 Random 2.4E-4
400G RS(544,514) for FLR = 6.2E-11
2 codeword, 4:1 bit mux, precoded, t1 = 1.0 Burst 5.4E-5* 2.7E-5 2.7E-5 12.3 Random 2.4E-4
2 codeword, 4:1 bit mux, precoded, 0.5, 0.2, -0.05, 0.05| Burst 1.6E-5* 2.2E-5 2.2E-5 12.4 Random 2.4E-4
2 codeword, 4:1 bit mux, precoded, 0.8, 0.2, -0.05, 0.05| Burst 2.8E-5* 2.3E-5 2.2E-5 12.4 Random 2.4E-4

Note — these values are the BER including the additional errors due to the bursts. To account
for burst errors, the values marked with “*” have been multiplied by 4 for a 1-tap DFE, 1.44 for

the 0.5, 0.2, -0.05, 0.05 case, and 2.57 for the 0.8, 0.2, -0.05, 0.05 case.




Conclusion

Candidate C2M DFE tap limits 2:

0<t1<0.5
-0.05<t2<0.2
-0.05<t3<0.1
-0.05<t4 <0.05

give a worst case penalty with precoding that is about the same as that for a
1-tap DFE with precoding.

Relaxing the t1 upper limit to 0.8, giving Candidate C2M DFE tap limits 3:

0<t1<0.8
-0.05<t2<0.2
-0.05<t3<0.1
-0.05<t4 <0.05

gives worst case penalties that are only slightly higher.
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Precoding and 5-tap DFE model

The results with precoding in anslow 3ck adhoc 01 072518 were for a 1 tap DFE where it is

expected that precoding will have the effect of converting an error burst of any length into just
two PAM4 symbol errors.

To try to help answer the question of what the performance will be for a realistic multi-tap

DFE with precoding, the Monte Carlo model used for previous presentations was extended to
Include a 5-tap DFE as below.

Oto 3

Chan —{ Slice

Gray —

________________________________

Precoding Precoding removal
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http://www.ieee802.org/3/ck/public/adhoc/july25_18/anslow_3ck_adhoc_01_072518.pdf

Clause 91 100G with bit mux PMA

Round robin distribution of FEC symbols to the FEC lanes. Bit multiplex in the PMA.
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Clause 119 400G with bit mux PMA

Symbol interleave from 2 FEC codewords. Bit multiplex in the PMA.

qSBBSSBBBBSIOODOOOOODO
9181716151413 ]1211]08918171615]1413121110

s'Ias
9 g

4.3 2 1 0

16 16 16 16 1
413121110

—>

o o

o

o o

o o)

o <

© 1)

o o

o ™~

o o

o o)

o O

0

0 o

jco )

o <1

o0 1)

0 ©|

jco ™~

16 16 16 16 1

—>

19999999999|1111111111
98765432109876543210|_

17 17 17 17 17|
413121110

ﬁ
L
%

i~ off v off v off o o

— < By il B il fon

— o oy ol o ool oo o

i ooff By ool flov off flon o)

— <l o <l o <l oo <

i~ ff fov ol B ol fo )

i~ off v off v off flon o

— By B o~ flon 1~

1

9

I2 2
918
I2 2
918
I3 3
918

o of IS <} IS <] I o 9 o
o < Iz -l s -l k= - o
o ol 1S ~f IS ol 1S o 1 o
o off 1S off 1S off 1S o) 1) o)
o <} 1S <} 12 ~ IS ~ 19 <
o vl 1S vl 1S vl IS v 1 1|
o off I3 off I3 of k= © 2 of
o ~f 1S~ 1S~} IS 9 ~|
o off 1S off IS off I | L oof
o off 12 of IS of IS o 2 of
EA S ES ES o)
b2 <l ke -l fe - o>
N ol 1R IR NS o o
S ol 12 of 12 of S o o of
S <R R B o <

17777777777
9lslzlelslalalolalo

to 16 >

o o o o
o« o«
o« o«
om om
o < o <
o o o
o © o ©
o~ o~
o © o ©
o o o o
— o - o
— —
— N — N
— ™ — ™
- < - <
— o - o

o o

— O

N O

™M O

O

—

AN

oM

o N

N N

M N

o ™

— M

(QU

™~

O @

«— 00

(Ve o)

™M

(@)}

— O

N O

M o

If one codeword is uncorrectable, the other is marked bad also.

19



Thanks!
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