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200G per Lane PAMA4 challenges

The doubling of bit rate from 100G to 200G has created new challenges

Increased bandwidth drives more challenging link power budgets

— Increased noise bandwidth, reduced RX sensitivity

— Increased TX OMA to close the link

Increased optical chromatic dispersion (CD) penalty has more severe impacts

— CWDM for 2km links becomes challenging for the first time

— 10km links require a LAN-WDM grid close to zero dispersion wavelength (ZDW)

— Four-wave mixing (FWM) must be addressed for LAN-WDM operation in the ZDW range
The need for low latency for Al/ML applications complicates FEC adoption

— Stronger FEC is not a viable solution for all intra-datacenter links




Mitigation approaches adopted in IEEE P802.3dj

Statistical models for chromatic dispersion
— Avoid excess margin by using a channel model representing actual CD distributions
— |EEE P802.3dj is engaged with SG15/Q5 on the G.652 revision, but also doing our own statistical modeling
— For single cable segment links (< 2km):
* Define CD limits at multiple confidence levels based on manufacturers’ distributions
— For multiple cable segment links (2-10km):
* Fiber cable segments are typically limited by the spool size and installation methods to ~2.5km

* Use the statistically defined single cable segment limits defined above
* Use Monte Carlo analysis to average CD over uncorrelated fiber cable segments at specified confidence levels.

Inner FEC for mitigation of 2km and 10km CD penalties

— Hamming(128,120) SD FEC encode/decode with convolutional interleaver in the module

— SD FEC complicates BER allocation between AUl and PMD and TX/RX testing

— New 800GBASE-FR4-500 PMD without inner FEC to address low latency duplex fiber applications
Optical link training (OLT)

— Control of bypassing the precoder for improved interoperability

— Ready-to-send (RTS) token passing for deterministic end-to-end link start up

— Future capability: In-service adjustment of transmitter for BER optimization




Chromatic dispersion penalty at 200G per lane

CD Penalty (dB)
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113Gbaud (226Gb/s per channel) OSFP 800G-LR4 Tx
and custom ROSA with FFE equalization only
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| Worst case CD limits | _Min_| _Max_|

800G-FR4: CWDM
1264.5-1337.5nm

800G-LR4: LAN-WDM
1294.5-1310.2nm

-11.9 6.7

-28.3 9.4

| cDat 1dBpenalty | Min_|_Max__

Johnson, a = 0.6 (sim) -17.4 5.4
Kuschnerov, a = 0.5 (sim) -18 5
Rodes, a = 0.49 (sim) -25 9
Fan (experiment) -21 4

Relaxation of G.652 worst case CD limits
is necessary to provide margin on both
FR4 and LR4 PMDs.
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https://www.ieee802.org/3/df/public/22_10/22_1012/rodes_3df_01b_221012.pdf
https://www.ieee802.org/3/df/public/22_10/22_1012/kuschnerov_3df_02a_221012.pdf
https://www.ieee802.org/3/dj/public/24_05/fan_3dj_01a_2405.pdf

Statistical methods to reduce CD
irements

Histograms for 800G-FR4 wavelengths at 1 km
with entire data set

Histogram of Dispersion (ps/nm*km) @ 1264.5 Histogram of Dispersion (ps/nm*km) @ 1337.5
Normal Normal

Link design methodology can be applied to evaluating Chromatic
Dispersion providing a more realistic result

= For a concatenated link that includes several lengths of optical fibre cable, the transmission

parameters for the concatenated link needs to consider not only the performance of the
deterministic attributes of individual cable lengths but also the statistics of concatenation.

ﬁ Monte Carlo Analysis ﬂ CDa @ 99.8% or G=10°
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G.652 worst case CD limits are much wider than actual Additional CD limit relaxation is possible for links > 2km
distributions of fiber cable being shipped. Relaxation of by averaging the CD over multiple uncorrelated fiber
single cable segment channel CD limits is possible by cable segments (M).

choosing reasonable confidence limits (Q).



https://www.ieee802.org/3/dj/public/24_05/parsons_3dj_01a_2405.pdf
https://www.ieee802.org/3/dj/public/adhoc/optics/0623_OPTX/ferretti_3dj_optx_01b_230615.pdf

Inner FEC for 2-10km optical links

I BASE-R PMA ( that can indicate symbol pair or quartet boundanes) |
T T T ¥ ¥
/'FEC 1S_UNTDATA 0request  -*=  FECIS UNITDATA_[p-1jrequest  FECIS_SIONAL ndication FECIS UMTDATA Dindicstion == FECIS_UNTDATA_[p-T)indication

1 S = —— == —— T e e e -
1 Comvolfienal [ |
1 De-Interieaver 1
1 1
1 1
1 1
1 & 1
- 1
[ :
: [ Pad removal, Hamming De-Interieaver | 1
1 1 f i
' Signal Frame Frame l
1 indication logic Synchronizati " | Synchronizati 1
l PHAIE_UNITOATA_O request PHAIS_UNITOATA (p-1)reques! PMAIE_SICNAL O indicafion PHAIS_UNITDATA_O indicalion PNAIS_UNITOATA_(p-1lindicalion —=
| [ B e = T e e e e e eV S o e P S e B d R R
1 < [ PAM#encode | ... [ PAM4encode | ] ;"“5 [ Pamadecode | | [ PAM4decode | :
1 2 - FRD s - 1 t 1
1 i [ Signal dnver ] I Signal driver I imnertac: ] Equalizer, CDR I I Equalizes, COR I
I- e e ——Y e . Jmmp—— Y p—— e ___1 1

PNDI3_UNTDATA_D request e FMD:IS_UNITOATA_(Q-1).request FUDIS_SIGNAL indication FIADI5_UNMDATA_Q.indication PMDIS_UNITDATA_[g-1}indcaton .
L ------- W ———— L L L 1L 1 L % 1 % 1) |- ———————— J——————— | S —

he 3dj 01 2307

107 -

10° ¢

8 7 6 5 4 £ 4 & 0

" Raw BER vs Rx OMA, DSP mode=MLSD

1
I

( BER:Sed )

KP Limit: 2.2e-4

............... e
<

[}
)
| 1.5dBo

= 106.25G, CD=11ps/nm, MLSD
== == KPBER limit

|
|

|

I

) 1

|

— 113.4375G, CD=11ps/nm, MLSD | |
I

1

I

1

]

-~ -~ Concatenated FEC BER limit
T n T T

Rx OMA dBm

Prob. KP4 Fail

107
1

FR4 @-6dBm ROP
@113.33GBd/sec

SoftHamming128,120, KP4 out vs BERin for L=1,2,3,4,6,12 KP4 Interleaves
T T L T

10-10 -

From bliss_3df_0la_220517

12way

limitBERe15

BER'=1e-15

" | Full Conv. Interleaver limit

L L !
2 3 4 5 6 7
Ber In to Soft Hamming

Bypass Conv Interleaver w/ net 2 way interleaved limit

parthasarathy 3dj 01 2303

« Hamming(128,120) SD Inner FEC provides up to 1.5 dBo gain, enabling improved module
power and BER margin in the face of challenging dispersion penalty
e Optional bypass of the convolutional interleaver allows end users to fine tune latency and BER

performance to the application



https://www.ieee802.org/3/dj/public/23_03/parthasarathy_3dj_01_2303.pdf
https://www.ieee802.org/3/dj/public/23_07/he_3dj_01_2307.pdf

Summary

* The challenges caused by 200G PAM4 optical transmission have

necessitated the development of new Ethernet PHY features

— Statistical based CD specification in optical channel specs
* CD limits based on fiber manufacturers’ actual distributions
* Averaging CD over uncorrelated fiber cable segments

— Inner FEC adds additional CD tolerance over 2km and 10km
— OLT for pre-coder control and deterministic link start up

* These issues will become even more challenging as the data rate
increases. |[EEE P802.3dj penalty mitigation methodology paves the way
for future 400G per lane IMDD PHYs
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