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Overview

(J Background on DGD penalty

J Background on MPI penalties

] Revisiting cable plants

(] CL180/182 MPI penalties discrepancies

(J Reconciling discrepancy in CL180/182 with method of CL140
J Underlaying MPI assumptions

(J Few MPI analysis

J Summary.
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DGD Penalty for Clauses 180-183

(d kuschnerov 3dj optx 01 230829 show
worst case DGD penalty of 0.7 dB for
clause 183 800GBASE-LR4 PMD for max
DGD of 4 ps

— 800GBASE-FR4 with max DGD of 2.3 ps
has ~0.18 dB penalty

— 800GBASE-FR4/DRx-2 with max DGD of
2.3 ps has ~0.18 dB penalty

— 800GBASE-FR4-500/DRx with max DGD of
2.24 ps has ~0.18 dB penalty
 For PMDs listing combined DGD/MPI
penalty the MPI value should be added
to the above values of DGDs.
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The original single segment (M=1)
PMD penalty was based on a
FFE+MLSE receiver (0.7dB)

Assuming multiple segments, a
linear equalizer would be sufficient
to achieve acceptable performance

Given the available data and
pending further discussion by the
industry M=4 seems to be a
reasonable assumption

M=4 can achieve a penalty of
<0.5dB with an linear FFE equalizer
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https://www.ieee802.org/3/dj/public/adhoc/optics/0823_OPTX/kuschnerov_3dj_optx_01_230829.pdf

Revisiting the MPI/DGD Penalties

( MPI penalty based on statistical model proposed by King 01a 01116 smf developed in 802.3bs
has been adopted for MPI penalty estimation

— 802.3bs MPI analysis was based on assumptionin liu 3bs 01a 0316

— 802.3cd MPI analysis and how to reconcile PC and APC connectors penalties was based on
traverso 3cd 01 0317

J ghiasi_3dj 02 2501 raised concern regarding fixed allocation of MPI penalties

— 180.7.3 has allocation of 0.1 dB MPI/DGD penalty to support 200GBASE-DR1 @-35 dB discrete
reflectance and 400GBASE-DR2/800GBASE-DR4/1.6TBASE-DR8 @-45 dB discrete reflectance

— 182.7.3 has allocation of 0.4 dB MPI/DGD penalty to support 200GBASE-DR1-2 @-35 dB discrete
reflectance and 400GBASE-DR2-2/800GBASE-DR4-2/1.6TBASE-DR8-2 @-45 dB discrete reflectance

— Clause 181.7.3 and 183.7.3 generally is acceptable but may want to revisit some of the assumptions
and make adjustment accordingly

O johnson 3dj adhoc 01 250220 additional background on the history of MPI penalty and there
may be good reason to revisit some of the underlaying assumptions

J Reconciling PC and APC MPI penalties is top priority for 802.3dj
— Its also time to revisit underlaying MPIl assumptions which applies to all clauses.
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https://www.ieee802.org/3/bs/public/adhoc/smf/16_01_07/king_01a_0116_smf.pdf
https://www.ieee802.org/3/bs/public/16_03/liu_3bs_01a_0316.pdf
https://www.ieee802.org/3/cd/public/Mar17/traverso_3cd_01_0317.pdf
https://www.ieee802.org/3/dj/public/25_01/ghiasi_3dj_02_2501.pdf
hhttps://www.ieee802.org/3/dj/public/adhoc/optics/0225_OPTX/johnson_3dj_adhoc_01_250220.pdf

Cable Plants

(] Cable plant model per kolesar 3bs 01 0514 double and triple link and nicholl 3bs 01a 0316
for MPI calculations

— Are these acceptable cable plant assumptions for 802.3dj optical PMDs?

200GBASE-DR * Double-link
200GBASE-DR-2 2-f cord fan-out co_rd fan-out 6LC
800GBASE-FR4-500 Mmy cable % ] array cabe | / [2-fiber xcv + 4 MPOs
800GBASE-FR4 MDI(LC) ""' = ~ MDI(L
MPO IVIPO
400GBASE-DR2
400GBASE-DR2-2 e Double-link
800GBASE-DR4 6 MPO
800GBASE-DR2-4 parallel xcvr Md—. Siajcsu’e .W - array cable W
1.6TGBASE-DR8 MDI(MPO) MDI(MPO)
1.6TGBASE-DR8-2 MPO MPO MPO MPO
* Triple-link 8 LC
SOOG BASE'LR4 2 f d fan out fan_out OSP bl -
2-fiberxcvr cor . array cable 2-f cord cabie +4 MPO
/’
MDI(LC) /
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https://www.ieee802.org/3/bs/public/14_05/kolesar_3bs_01_0514.pdf
https://www.ieee802.org/3/bs/public/16_03/nicholl_3bs_01a_0316.pdf

Current Clause 180/182 Discrepancies

(J Clause 180 allocate 0.1 dB of MPI and DGD penalties for both LC and MPO cable plants
— See footnote in table 180-9

J Clause 182 allocate 0.4 dB of MPI and DGD penalties for both LC and MPO cable plants
— See footnote in table 182-9

Table 180-12/182-12- Maximum value of each discrete reflectance

Maximum value for each discrete
reflectance for

Maximum value for each discrete 400GBASE-DR2

Number of discrete reflectance for S00GBASE-DR4

reflectances above —55 dB 200GBASE-DR1 1.6TBASE-DRS
1 -25dB -37dB
2 -31dB —42 dB
4 -35dB —45dB
6 -38dB —47 dB
8 —40 dB —48 dB
10 —41 dB -49 dB
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Best Method to Reconcile MPI Penalty for Mixed MPO/LC PMDs

1 Clause 180 and 182 PMDs both use double link cable plant and using fixed MPI penalty doesn’t work
when LC reflectance is -35 dB and MPO -45 dB

— 2 fibers LC for 200GBASE-DR and 200GBASE-DR-2

— Parallel fiber MPO for 400GBASE-DR2, 400GBASE-DR2-2, 800GBASE-DR4, 800GBASE-DR2-4, 1.6TGBASE-DRS,
1.6TGBASE-DR8-2

 traverso 3cd 01 0317 proposed method can reconcile MPI penalty in mixed mode PMDs such as for
200GBASE-DR and 00GBASE-DR-2
— Row 0 with 0 >-45 dB and <-35 dB reflectance is the MPI for double link MPO cable plant

— Row 0 with 0 >-45 dB and <-35 dB reflectance is used for MPI allocation of double link LC cable plant but cable
plant loss are reduced with additional number of discrete reflectance's (LC) >-45 and <-35 dB.

MPI Pena|ty Calculation Table from Traverso Table 140-12—Maximum channel insertion loss versus number of discrete reflectances
Number of discrete reflectances Number of discrete reflect <5 dB and < 45 dB
N <. umber of discrete reflectances > — and >
MPI Penalty (dB) o ERElEl L = oLl Maximum channel insertion loss (dB) T T
0 1 2 8 4 5 6 7 8 0 1 2 3 4 5 6 7 8
0 0 0.02 | 0.03 | 0.04 | 0.05 | 0.06 | 0.07 | 0.08 | 0.10 0 3 3 3 3 3 3 3 3 3
1|0.05| 006 | 005|009 011 | 012 | 0.11 | 0.15 | 0.12 1 3 3 3 3 3 3 3 3 3
Number of discrete | 2 | 01 [ 012 | 013 | 016 | 019 | 0.2 | 0.22 | 0.23 | 0.22 Number of discrete reflectances | 2 3 3 3 20 | 20 | 29 | 29 | 29 | 29
reflectances 3018 | 018 | 02 | 02 | 024 | 03 | 03 | 032 | * >—45dBand<-35dB | ' ' ‘ [ a
-45 dB and < -35 dB = 3 2.9 2.9 2.9 2.9 2.9 2.8 2.8 2.8 -
o = 4 1026 | 027 | 032 | 034 | 036 | 0.4 | 0.41
4 2.8 238 28 2.8 2.7 2.7 2.7 —2 —=2
51032 033|038 | 04 | 044 | 0.48 * * *
5 2.8 2.8 2.7 2.7 2.7 2.6 —= —2 —2
6 | 0.45 | 0.48 [oR-N RN AT Ry * * * * f : : : |
6 2.6 2.6 __a __a __a __a __a __a __a
= these values exceed the proposed MPI penalty limit — see slide 3

2The indicated combination of reflectances does not provide a supported maximum channel insertion loss.
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https://www.ieee802.org/3/cd/public/Mar17/traverso_3cd_01_0317.pdf

Underlaying MPI Penalty Assumptions

1 Underlaying assumptions in the 802.3bs/cd 1 Proposed assumptions for 802.3dj

— Cable plant follow double or tipple link model — Cable plant follow double or tipple link model

— Max loss at the end of cable plant — Placing 3/4 of loss in middle of cable *

— LC reflectance -35 dB — LCreflectance -35 dB

— MPO reflectance -45 dB — MPO reflectance -45 dB

— ER=5dB — ER=3.5 dB (min allowed) to better support 200G SiP

— BER 2E-4 — BER 2.28E-4 for CL180 and 182, BER 4.8E-3 for
CL182 and 183

— MPI penalty extrapolated to 1E-6 — Given the work done to improve SMF channel

model rodes 3dj 0la 2401 through Monte Carlo
Analysis, extrapolation to 1E-5 is sufficient.

* MPI penalty is ~ the same as putting 100% of loss at RX input.
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https://www.ieee802.org/3/dj/public/24_01/rodes_3dj_01a_2401.pdf

J Adding Loss at middle result in higher MPI (Double link with 4 LC and 4 MPO)

Adding Loss in the Middle vs the End

— At confidence 1E-5 adding loss in the middle result in MPI penalty of 0.4 dB vs 0.45 dB with loss at the end
— Putting the loss in the middle seems more reasonable but we may not want to use max loss in the middle!
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MPI for 3.5 and 5 dB ER

(] For Double link with 4 LC and 4 MPO with max loss in the middle

— ER of 3.5 dB results in MPI penalty of 0.4 dB
— ER of 5.0 dB result in MPI penalty of 0.27 dB!

Random phase between reflectors, random selection of modulation levels
Polarization assumed aligned PAM-N
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MPI Penalty as Function of ER

 MPI penalty as function of ER for
link configuration on previous page 06

— 802.3bs/cd calculated MPI penalty
with max loss at receive end with
assumed ER=5 dB 05

— More typical cable plant have max
loss is in the middle
e Loss in the middle has slightly lower
MPI penalty

e Putting ~75% of loss in the middle
produces about the same MPI and 03
more aligned with cable plant
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Summary

 The biggest issue in D1.4 is associated with 200GBASE-DR and 200GBASE-DR-2 PMDs as they use LC
connector with reflectance of -35 dB with fixed MPI penalty allocation

— Use of Method in CL140 (Table 140-12) reducing maximum cable plant loss to offset increased MPI as result of LC -35
dB connectors

d Assuming use of CL140 MPI-loss trade off Clauses 180 and 182 total allocated penalty must be adjusted to
support MPI+DGD penalties without any LC -35 dB connectors

— Current CL180 with combined MPI+DGD penalties of 0.1 dB insufficient to support these penalties
1 Key items for the task force is to decide on the MPI calculation conditions

— Cable plant follows double or tipple link model

— Where and how much loss to place for MPI analysis

— LC reflectance -35 dB and MPO reflectance -45 dB

— ER=3.5 dB (min) better aligned with 200G SiP MZM

— BER 2.28E-4 for CL180 and 182, BER 4.8E-3 for CL182 and 183
— Confidence level at 1E-5

d After agreeing on the underlaying assumption next step is updating MPI penalty for all the clauses
— Allincorporate CL140 MPI-loss trade-off for CL180 and 182 PMDs.
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Thank You!
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