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Background and Motivation

* One of IEEE 802.3cd objectives is to ‘define a single lane 100 Gb/s PHY for operation over
duplex SMF with lengths up to at least 500 m, consistent with IEEE P802.3bs Clause 124’
(400GBASE-DR4).

* In the adopted 100GBASE-DR baseline of traverso 3cd 03a 0916, it was stated: “with
penalties consistent with a channel allowing up to 4 discrete reflectances of -35 dB” —
This means an additional ~0.2 dB MPI penalty needs to be included in the link budget.

* No consensus has been reached as how to split this 0.2 dB between Tx and Rx.

* As the additional MPI penalty is primarily due to the high reflectance LC connectors in
100GBASE-DR links, which also have lower insertion loss, high MPI penalty and high link
loss do not occur at the same time.

* In this presentation, we propose to use the total of link loss and MPI penalty for
100GBASE-DR link budget (vs. considering them separately) and show this would support
more link usage cases with the same total budget as 400GBASE-DR4.



Methodologies Used in This Analysis

1) Show conforming link topologies comparing with 3.0 dB link loss.
= Referencing kolesar 3bs 01 0514 for MPO/LC loss statistics and model
= Assume MPO mean loss = 0.35 dB (stdev = 0.25 dB), and
LC mean loss = 0.2 dB (stdev = 0.15 dB).
= Referencing anslow 03 1107.xls for SMF attenuation
= Highlighting breakout topologies for information.

2) Calculate MPI penalties for link topologies in (1)
= Referencing king 01a 0116 smf for MPI calculation
= Highlighting breakout topologies for information
= Show link topologies that are narrowly omitted by 3.1 dB budget



http://www.ieee802.org/3/bs/public/14_05/kolesar_3bs_01_0514.pdf
http://www.ieee802.org/3/hssg/public/nov07/anslow_03_1107.xls
http://www.ieee802.org/3/bs/public/adhoc/smf/16_01_07/king_02a_0116_smf.7z

400GBASE-DR4 Reference

array cord array cable array cord array cable array cord
400GBASE-DR4

500m Double link with 4 MPO connectors

Connector Losses =2.65 dB,
Fiber loss = 0.25d8B,

-> Link Loss =2.9dB (rounded to 3dB)

MPI Penalty = 0.1 dB
Agreed Budget =3.1 dB



500m Link Loss & MPI Penalties vs. # of LC/MPO Connectors

Link 0 MPO |1 MPO | 2 MPO |3 MPO | 4 MPO | 5 MPO MPI OMPO | 1MPO | 2 MPO | 3MPO | 4 MPO | 5 MPO
Loss penalty
0LC 0.25 1.23 1.83 2.38 3.4 0LC n.c. n.c. n.c. n.c. n.c.
1LC 0.83 1.53 2.11 2.65 3.16 n.c. 1LC n.c. n.c. n.c. 0.07 0.06 n.c.
2 LC 1.18 1.82 2.38 291 3.41 nec. 2 LC n.c. n.c. 0.13 0.11 0.12 n.c.
3 LC 1.5 2.1 2.65 3.16 n.c. nc. 3 LC n.c. 0.2 0.19 0.18 n.c. n.c.
41C 1.8 238 291 342 SR nc 4LC h.c. 0.33 0.26 h.c. h.c. h.c.
51C 2.09 2.65 3.17 noe. nc. nec. 5LC n.c. 0.36 0.35 n.c. n.c. n.c.
6 LC 2.37 2.91 3.42 nc. n.c. nc. 6 LC 0.55 0.43 n.c. n.c. n.c. n.c.
7 LC 2.64 317 nec. nec. nc. ne. 7 LC 0.55 n.c. n.c. n.c. n.c. n.c.
8ILC 291 nc. nc. nc. nc. noe. 8 LC 0.55 n.c. n.c. n.c. n.c. n.c.

Green cells = Margins w/respect 3.0 dB link loss Green cells = MPI penalty < 0.3dB

Yellow cells = Less than 0.2dB margin w/respect 3.0dB Link loss Orange cells = MPI penalty > 0.3dB

Orange cells = Not supported by 3.0dB link loss Blue = 400GBASE-DR4 agreed MPI penalty (calculated is < 0.1dB)

Blue = 400GBASE-DR4 link loss
Red = considered main topology for 100GBASE-DR double link

- High link loss and high MPI penalty not always occur at the same time.
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Independent Link Loss & MPI Penalty vs. Total Budget

3.3 dB Total Budget (3 dB Loss + 0.3 dB MPI Penalty)

3.1 dB Total Budget

Loss only|] OMPO| 1 MPO| 2MPO| 3MPO| 4 MPO
O LC - - n.c. n.c. 2.90
1LC - n.c. n.c. 2.65 3.16
2 LC n.c. n.c. 2.38 2.91 3.41
3LC n.c. 2.10 2.65 3.16 n.c.
41C 1.80 2.38 291 n.c. n.c.
5LC 2.09 2.65 3.17 n.c. n.c.

6 LC 2.37 291 n.c. n.c. n.c.
7 LC 2.64 3.17 n.c. n.c. n.c.
8 LC 291 n.c. n.c. n.c. n.c.

Green Cells: Meet both 3dB link loss and 0.3dB MPI Penalty
Orange cells: OK with 3dB link loss but MPI penalty > 0.3 dB

- Consistent with previous methods

- Less usage case covered
- Different optical specs for DR (4xDR) and DR4

Loss+MPI | OMPO| 1MPO| 2MPO| 3MPO| 4 MPO
0LC - - n.c. n.c. 3.00
1LC - n.c. n.c. 2.72 3.16
2 LC n.c. n.c. 2.51 3.02 3.41
3LC n.c. 2.30 2.84 3.34 n.c.

4 LC n.c. 2.71 3.17 n.c. n.c.
5LC n.c. 3.01 3.52 n.c. n.c.
6 LC 2.92 3.34 n.c. n.c. n.c.
7 LC 3.19 n.c. n.c. n.c. n.c.
8 LC n.c. n.c. n.c. n.c. n.c.

Green Cells: Meeting 3.1 dB total budget
Yellow Cells: Can be covered with an extra 0.2 dB

But 2 cases are for DR4-DR only

- Consider the total budget of (loss + MPI penalty)

- More usage case covered

- Same optical specs for DR, DR4 (4xDR)
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DR — DR 500m Usage Cases Covered by 3 dB Link Loss

A 2fcord  2f cable 2f cord 2f cable 2f cord
o\_f-o
c 2f cord array cord/cable 2f cable 2f cord

2f cord

DR o

array cord/cable 2f cord

2f cord array cord array cable 2f cord
M m%% DR

2fcord  2fcable M 2f cable w

Cases K = Narrowly missed 3.1 dB total budget
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4 LCs
Link Loss =1.8 dB

2 MPOs + 3 LCs
Link Loss = 2.65 dB

MPI Penalty =0.19 dB

2 MPOs + 2 LCs
Link Loss = 2.38 dB

MPI Penalty =0.13 dB

2 MPOs + 4 LCs
Link Loss = 2.91 dB

MPI Penalty = 0.26 dB

3 MPOs + 2 LCs
Loss =2.91 dB

MPI Penalty = 0.11 dB



DR-DR 500m Links Excluded by 3.0 dB Budget

2f cord Array cabl 2f cord Array cabl 2f cord

B I~

4 MPOs + 4 LCs
Link Loss = 3.91 dB

) 2f cord  2fcable array cord  array cable % 2f cord 3 MPOs + 3 LCs
— E | \/ — Link Loss = 3.16 dB

\ 2f cord array cable array cord  array cable 2f cord 4 MPOs + 2 LCs
:’Lf \__/ _DR_ Link Loss = 3.41 dB

Case B was discussed to be one of the most representative topologies,
but can’t be considered in 100BASE-DR links due to its high loss
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Informative: DR4 (4xDR) Breakout to 100GBASE-DR
E array cord array cable 2f cord 2 MPOs +1 LCs
Mm Link Loss = 2.11 dB

MPI Penalty = 0.2 dB

H m 2f cable 2fcord  2fcable 2f cord "DR 1 MPOs + 5 LCs
NS Link Loss = 2.65 dB

MPI Penalty = 0.36 dB

J array cord array cable 2f cable 2f cord 2 MPOs + 2 LCs
"’\_fm Link Loss = 2.38 dB

MPI Penalty =0.13 dB

: array cord array cable array cord 2f cable 2fcord 3 MPOs + 2 LCs
m \_/ \/ ‘ i — DR Loss =2.91 dB

MPI Penalty = 0.11 dB

All breakout usage cases are covered by 3.1 dB link loss + MPI Penalty
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Main Link Topologies Supported by 3.1 dB Total Budget

Assuming 3.1dB total budget for 100GBASE-DR, we can include below topologies:

100GBASE-DR over 100GBASE-DR
Single, double and triple LC link topologies. m”{rdﬂ,ﬂoz‘c{”}_c
Single link connection over MPO cable.

2f cable
2fcord array cord/cable 2f cord 2f cord  2fcable 2fcord 2fcable 2fcord 2f cord 2f cable 2f cord
- e o e o~
Breakout: 4x100G-DR (DR4-like) over 100GBASE-DR
Single, double links connection for most representative break-out cases.
F m@ﬁ 2fcable 2f cord H array cord 2fcord  2fcable 2fcord  fcable  2fcord
— il — o

100GBASE-DR (4xDR) optical interface specifications identical to 400GBASE-DR4 specifications
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Summary

e Proposed to use the total of link loss and MPI penalty in 100GBASE-DR link budget
consideration, which would support more usage cases

e Increasing the link budget by another 0.2 dB (to account for the additional MPI
penalty) only gives limited additional benefits in usage case.

e Recommend to keep the Tx OMA(min) and Rx sensitivity specs unchanged from
400GBASE-DR4 specifications.

Issues to be considered
- Specifications for reflection tolerance, RIN, Optical Return loss, etc.



Back-Up



Applicable 100GBASE-DR topologies assuming 3.3dB budget (with MPI penalty).
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MPI penalty d8

Case L-DL (3LC, 3MPO) -> 0.18dB MPI penalty, budget of 3.34dB

2f cable array cable

2f cord 2f cord

array cord

fan-out

array
cord

array
cable

array

2f-cord 2f cord

400GBASE-DR4

Note that to support the break-out, the 100GBASE-DR specs
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Applicable 100GBASE-DR/breakout topologies with 3.2dB budget (with MPI penalty).
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Applicable 100GBASE-DR/breakout topologies with 3.2dB budget (with MPI penalty).
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1LC, AMPO -> 0.06dB MPI penalty, budget of 3.22dB

100GBASE-DR

2f-cord
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Applicable 100GBASE-DR/breakout topologies with 3.1dB budget (with MPI penalty).

Baseline BER
24EM

Reflection level inputs-»>

WIC phases row.

nde
¥ a8t 245 dert'd L 0 ads e
2xcum IL dB

avernge phases 4 570 0.316] 166250333 1

3.1385
r.—.T.e s

R u%j:}—]m— R5

e
mbmbmamhmummmmmmmm 1
ol oo ool 0ot etSoid oSt etTantd  oBed nGantilint10an ntt1nt12 !

o o o o0 0 0 0 0 0 0 0 we
med-span IL

o8 0 o 0 0 o0 0 0 201 [ok= l

O 0 0 0 0 ol 00 0 0 582 5B 291

Case M-SL, I-DL (2LC, 3MPO) -> 0.11dB MPI penalty, budget of 3.02dB

Random phases => 0ETR BT 40%E SHEAT 286 1080301 SZIBAT 100785 1B 1080 57282 Ech cell calcs round g reflectd fied vokue cor bl
21804 24482 52000 01876 26370 01178264 285553 5033% 0795 0208 58204 incluces ER_ random phase between reflectons
50852 43329 0576 22515 38783 43811121 2472362 612307 08431 6248 2317 #nd hos random mod Tevel for each reflecior poe | array cord arraycable array cord 2f cable 2f cord
0371 41604 27558 53783 04684 328K 201 Jgion T
57057 06895 61580 13092 02212 57179504 214f  1-
2051 02175 26728 16023 15681 56377403 302¢
06071 14690 5231 11035 40086 44785543 073 cumulative
02231 23761 13137 4073 0082 672385 SK L ow e
3351 15200 1463 50493 28611 58058632 52% P
6068 10525 56M5 49628 4443 26545606 3904
44192 24778 34523 60T SBA® 21805091 S0  1.6-02
SO716 03324 22300 17211 04953 447081 354
01734 62274 07974 26057 S4109 435605 1114 2f cord d array cable 2f cord
03 58017 21213 45138 05171 0381215 3777 1603 array cor
2901 47187 4S76 51785 11552 543636 25%
40286 32565 28234 16535 18508 OB79045 222 M
01368 3332 08658 0.108 40811 140541 019 4 ¢ g
04099 56208 43276 36718 36383 16228905 226¢ "
40323 50005 459 09623 46908 20829302 188
01276 33855 08NS 10930 32874 58522687 609¢
56847 20567 0112 0727 13865 2164267 33¢  1.E-05 { 0.39
19588 00362 10405 5673 3764 35187142 30X
5251 38085 53142 00633 10576 089971 312
29184 11137 46154 32641 20089 18816074 313) 1.E-06
4503 SEUT 27785 1G0T 16925 392897 34% 0.00 1.00
553 37532 23418 08565 09498 £454%73 291 . :
1460 4153 34M 35116 42606 08546809 0750 MP1 penalty d8
Baseline BER average phaser 4 5 e 142803y
24504 3143
. R R— Case H-DL (5LC, 1IMPO) -> 0.36dB MPI penalty, budget of 3.01dB
Rpnd  Reonk Roons ReonH Reond  RoonG Roonl Reool
Reflection level inputs> 35 -1000 <1000 1000 S )
MDMDMNMNMNMNV"MMMMMMM
ol n2-o3 nt3-ed mbnts ntSef b7 w7t nBaet® ntdaentingt0-n ol 12
WIC phases row 0 0 0 0 0 0 0 0 0 0 0 we
vd-span |
it db o o o o 0 0 (O S I L C1T
adn 248 Sabrb'd L 0 addh rone (] | | 1
2ucum 1L dB (S S S o oo o o 53 .53

Random phases =>

CATTA VARES AT TRAT 2RSS AUMZV02 4550N2 2&TE08 04957 4065 S

3522 6193 27961 0359 50531 1638811 60601S 531 41763 1318 4EW4
47143 1976 43681 3636 O6MS I0ASE0 197859 006 49678 3788 51872
05145 G149 42500 51216 20517 18005423 1208 1 e
11725 02413 3565 6069 00%4  4706¢5 38 1
I6028 21550 44103 5463 44051 0OGM0IZN 526]

4906 288 03502 14081 32145 39000083 431 cumulative |
23047 242 60532 3450 11856 25215402 336

2075 \ouzs 27657 42883 25311 29911606 3 Probability |
4126 42767 46254 IBMY 21501 25041719 1281

1107 3M% 5382 04428 31106 2322558 080  1.E-02
6225 03016 60905 16375 04751 1832606 042]

55317 5242 37582 45417 2651 25067973 4 14

49103 06026 44183 18227 238 44276143 5881 1 .03
53064 23665 27909 1302 12146 48076567 0284

3434 37045 39512 58846 50317 45317958 433¢

18812 29102 31166 0948 5359 2886026 O3 4 ¢ o4
1456 56845 53473 58236 5358 12687788 106 :
26529 01452 28162 10745 46241 4727T7% 131

4875 26000 3IXBY IATER 14126 6027624 406

56787 50418 11506 23186 26437 3980044 2 14} 1E-05
2355 58455 18481 38719 01735 53275285 235

32991 21511 56639 09578 52586 52103198 1104

11568 23508 35604 042 50434 14517237 16  1.E-06 \
14534 40124 00268 14611 5741 03383864 23K 0.00 1.00
54930 01221 2560 18088 17153 54320239 09% >
42837 5033 61912 53 6026 35633464 0660 MPI penalty dB

EASSn £ 4945 £4TI4 4 AATA AOAIN CASSTAES 4 AGAAIA 3 ATIA3 AALTE 4 T84 £asae

0.99

Each cell calcs round trp reflectod field value con
nciudes ER. random phase between reflectons
and has random mod kevel for each reflector par
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Applicable 100GBASE-DR/breakout topologies with 3.1dB budget (with MPI penalty).

b Baseline BER average phase= 4 T8 0.3 14503 §
i 24604 31356
| PUD
! R R2Z RI RE RS RIRE RS RN [RAY mz C C-SL 3Lc ZMPO O 19dB MPI It b d t f2 84dB
| Remd Roord Roons Roors Rion Rk Rcord  RonG RoonG n.m'] us ase » '> o pena y, u ge O .
| Reflection level Inputs-> 000 s oo 00 w00 % S -100)
3 phase b phase b phase B¢ phase S phase B phase Betat phase Dot phase bt phase betanen
L rﬂ«]u}«.\n}nﬂ ntS otSoth etbat]  oflntd oo nGetiinti0net!)nt12
2 WIC phases row 0 0 0 0 0 0 0 0 o 0 we
H d-span
& ias R } 0 LI} U 0 o 0 265 cig|
5 ¥ aits 245 dabbd L O midh norm 0 | [ [ [ I |
5 2xcum iLdB - o0 o ol 0 L) L > 1
7 Random phases = SIS 2305 Z86AY VSBAA OGRAY UGRBEN S1NfEE 0N YAZIY 5EGT 07008 Eiach cel calcs round rip reflectind fed valus con
5 14427 2807 32018 3MS5 35206 80117697 mxw 432813 BA005 2983 48408 incudes ER. random phase betwoen refloctions
5 ! 420216 5485 42 0418 andl has random mod level for each reflector par
1 S1126 30813 1704 53000 2365 oms7g 415t ME+0O
H 28374 38551 &7910 21141 14054 11711886 6.15¢
3 52001 40779 55040 25054 0087 39760346 15 cumulative
' 27388 49783 14163 41333 09606 401826682 591¢ 2 probability C 2f Cord array Cord/cable zf Cable 2f Cord
5 36427 577 42671 07630 45102 3939283 2
5 00828 2359 48012 43158 0402 28368283 w. Vo Sy
7 20084 47803 15775 52181 21158 1820543 2T 1.E-02
5 34427 0475 13783 12300 4501 51756085 253
i 25166 14562 JN 60121 5156 34854857 05
) 51782 0 24761 45554 0211 480BX06 5% 1 .03
1 44405 57201 26288 52756 54496 3708479 061
2 02767 48444 08184 2538 30539 O 17B4E31 £56¢
3 S4268 24017 071 05036 15679 2040837 26X 4 e o4
[ 48152 1053 32041 14566 3TSTY 47217748 497
5 16245 43579 14448 32850 28567 5009488 424
5 2345 08633 18531 30086 52243 28720973 53
7 61512 31902 60724 3445 35161 451a4047 496! 1.EOS 0.56
5 3961 5221 59603 03876 30605 28306087 501¢
H 34272 27568 0051 53883 62103 1682220 60!
3 51282 37602 57395 S7001 55% 078135% 6  1.E-06
1 451 34 STN I6MT 3666 304811 1€ 0.00 1.00
2 14215 51485 SESTG 43812 62562 08TINSN S4A : 5
3 24505 02604 3209 18615 0.M31 29151411 S0 MPI penalty dB
[ IBTI3 ANTS 4268 18281 418 02501 15830 ITNEN SX27 2504 16%%
Baseline BER @vera0e phases 4 S 03] 14625030 1]
240 3456
T Np——— 72,
ot R R, R R 6LC -> 0.55dB MPI penalty, budget of 2.92dB
Reflection level inpute.> 35 3500410000 LA000 000 35 35 m ’
mumbmuw«umumm«wmmmmm
oo 003 3ol el atS St riSet? nl!«'ﬂ nbedd n“n«umon«urnz
W phases row. 0 0 0 0 0 0 0 0 0 0 w
nds L) 0 0 L) [ 0 o LI A 1
T 58 268 Sate'e L 0 adde nire o { I | [ { | 1 [
Dxcum 1L 6 ¢ 0 0 L) (4 0 0 0 0 0 4
Randoen phases «> O848 15875 1277 V643 D0Y 5500270 286048 ORI 5718 (4% ORM Eoch osl caics round 7 reflected fekd value con

S468 20088 27485 55199 33883 18074311 2658872 027138 10954 5731 29602
50627 51782 11308 31685 ST7331 06253138 1445855 571903 29183 085 4342
17379 25541 21783 08119 31909 18096952 56217 lE.;&) Samescocn

nckudes ER, random phase between reflecsons
and has tandom mod level for each reflector par

16843 52214 37284 1503 OSTST 1164212 379
40349 34633 41407 28707 0TS 12812450 S0
26896 23671 45289 55805 SU63 2224242 001 cumulative
50074 43479 2077 59851 2878 37H0460T 5161
16582 52676 42345 16972 49505 §dzmasat 217 Probability
ING 5200 5355 IN04 S2% 39T 411}
45553 42006 ASAT9 554 QMT3 0B%8TEES 334
48129 0297 STER 24434 26052 00D 616
10007 11361 S843 ST4SS 2114 421877 243
1660 5946 ATEE2 343 3603 1433088 213
5508 31481 18561 306A9 SMQ1 59148507 5!
6061 05188 00002 53162 30605 Q4BT1062 4 51
4 786{ DR 54575 5223 34194 39680614 458

Wtﬂl 2705 12188 023 24068862 6241
L4 1638 36212 3TMH ATAS 3167858 3N
0707 20535 2087 18865 470 12091343 004

19655 39129 9783 24115 2185083 456
3754 33661 05753 16261 5613 50981600 389!
5 185434 6,131
01200 43839 41323 19509 3855 IGTMeL 1680

1£-02

1E-03

1E-04

1E05 1.28

1.E-06

0.00 1.00 2,00
MPI penalty dB

08065 23225 S4791 57W7 40809 lfA1151! 215(
4506 14840 37483 09377 19231 49566418 4672918 5380Q7 1881
13087 22001 21307 02568 14077 3ASOO20M 2 7TANST SOA0RR 4AMS 1M 40N

134 048512

2f cord

2f cord
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Applicable 100GBASE-DR/breakout topologies with 3.1dB budget (with MPI penalty).

Baseline BER average phases 4 5 0316 1462510333 1
24E04 31365
TP PID
RT (3__R4 ,“75"'7 3R R12
R R e Case D-SL, J-DL (2LC, 2MPO) -> 0.13dB MPI penalty, budget of 2.51dB
Reflection level inputs-> 1000 000 3§ 35 L4000 1000 3000 -1000) /4 /4 * ’ *
phase b phase b phase be phase txphase bephase botas phase bed phase bot phase between
ntln2 020t nt3-old oot eSets 0Bat?  atlanll oo oSatiinti0nole2
WIC phases row 0 0 0 0 0 ] 0 0 0 0 0 wic
madspon |
iLds L [} o0 0 23
1wt 28 datrt'd L. O add8 none 0 { { | | i [ | {
2ucum . dB oo 0 0 O o ) U0 0 A%
Random phases = U060 456 61217 420 TIWA YOGS A2M6EST 2642 S0 3483 57807 Each cel cas tound trp reflcted fd il c 2f cord array cord/cable 2f cord
5245 1587 40711 01273 3260 07450486 2707 056134 09I 6212 15891 chrtes ER. 1rdom ghase bstween refectons
0579 4924 24804 21157 24058 48648234 50831 587518 12554 538 55133 and has random mod level for each refiector pat D
38616 00106 28327 4643 09774 0068 SATT— - o
07621 4303 5127 40834 22658 JMsesss 14 1E+00
36318 28107 3073 00722 408% 0530823 60K
0005 01541 21088 5064 40406 32765639 061 cumulative
23667 21045 13858 31866 13548 50809113 115!
43667 30480 15087 0134 3505 31426105 104; Probability
17361 13805 16534 20315 05411 3SOM04  5¢
03026 46418 34516 58641 47617 18724497 464  1.E-02
3200 2185 11617 40976 3GTTG 0BENIER3 22%
14748 52478 26314 00177 09259 12052800 555
01051 27015 09746 30464 11226 23814663 02  1..03
10352 05083 17637 61628 S6W6T 02437615 130
00753 1327 2914 4985 598 07H0SGTA 174¢ J array cord array cable 2f cable 2f cord
2684 025% 2173 S730 S8008 541N 32 e o4
51563 39878 43065 55007 03612 27723585 0.14¢ .
36829 05206 5559 08784 2053 5488319 602
OMED 35S 42164 35522 4687 56106569 1 TN
53077 52558 29093 107 4208 44spiesd 01 1EO5 0.40
2707 1830 35868 1133 38657 10S49T03 SEX
35041 43002 34772 4819 O 30803681 408
5643 31645 50882 44797 5083 OBIEN 0%  1E-06 :
33158 20574 01525 363 52315 1704047 87 0.00 1.00
56875 38314 02517 19265 SI007 37805087 2% i !
0408 45715 10821 5416 43 2746941 06 MP1 penalty d8
1416 S2MA 2004 ANMRY 3ATAT L1R117AL SOANRLT 323108 47808 26 460
Baseline BER average phases 4 S 0.316] 146250333 1
- W ™ C F-SL (3LC, 1IMPO 0.2dB MPI lty, bud f2.3dB
. D ase r- » -> 0. pena ty, u get orT 4.
fomd FconF Rcons Roords = oo Reons Roonls Reonf  Rpmd x"_, s
Reflection level inputs-> 1000 1000 <000 R 35 3350 9000 -1000° -5000) % 4

WIC phases row:

iLds

1 800 298 St L 0 adts none
2xtumn IL 8

Random phases >

phase b phase b phase b phase tphase B phase betwe phase Dot phase bet phase betwoen
12 o203 030t oot 0Se nbant? ol oBaot) oSanthiniln etilati2

0 0 0 0 0 0 0 0 0 0 ] wio
med-span
0 LJ L) 0 0 0 L) (] [) 0 29 Tetil=
0 o 0 ] o 0 0 4] U0 A7 A
ZISAT 3238 55484 20500 0N 4976Ne4 SH0MB1 JTIS6 22091 426 474K Each cel calcs round trp reflected field value co
54072 4815 27265 36823 3564 59000262 1663651 213436 42691 5083 62827 iudes ER. random phase between reflectons
12559 08202 36068 SW0S7 29038 50476158 3028627 28067 S84 0T8I 32 and has random mod level for each reflector pai

46121 16657 23067 31742 56162 138488 6055 1T
48784 42680 31600 03215 02179 33630M 262 e
00037 0363 53508 30630 5792 140732 078

44519 14371 44045 23908 188%5 33590572 3731 cumulative
55601 05017 26425 62581 25432 02617215 53 1
O35 43765 48796 5101 5028 5M31a06 260 PrODAbIlity
2158 01222 22105 15505 3503 172707 1906

28216 10745 42388 0368 45731 33717680 S8  1E-02
IME) 4995 62082 21733 485K 12300166 445

43060 44485 04425 13645 21101 38180488 354

18215 02331 14185 48311 S7152 60281523 $52% 1.E-03
5363 3016 42848 530 4775 26390087 57%

03663 36611 02704 32 05208 41313465 466

S4ST 43752 61962 41833 24%3 OTSUOM3 28] 4 g 4
2073 56671 09633 39242 11513 50001587 47 !
61764 3854 3535) 46440 33008 500657 10%

05556 36644 25725 29651 40491 4BSOG0GT 180K

45091 256% 20035 545 28615 0431707 57 1.E-05 0.57
54027 50845 35428 28678 2303 3413665 561

S1224 58353 1334 14511 17217 46579589 211

53851 5640 58353 23076 11966 6030847 450  1.E-06

2f cord

array cord 2f cable 2f cord

10029 57238 02106 4886 17582 07528013 044 000 » 1doct 26, 2016 IEEE 802.3cd ad hoc 18

IUI5 2140 50721 27058 3483 04099885 0261 8
60154 06009 55003 10983 32068 26456407 1254 MPI penalty d8
AROTY AYWRT LAGAR TRLY D08 A TAANAS) 1ATIDY 411Uk AGALY (RN TRONM



Applicable 100GBASE-DR/breakout topologies with 3.1dB budget (with MPI penalty).

Baseline BER vornge phase= 4 § 0318 1425 0%037]

24EM 3 1413

— Leem——— 1LC, 3MPO -> 0.07dB MPI penalty, budget of 2.72dB

phase b phase b phase be phase bphase b phase betwe phase et phase bet phase betwoen
otln n203 n3-ntd oilantd eSetf et oo eBef Satintilantint?

WiC phases row 0 0 ] 0 0 0 0 0 0 0 0 '
s apar

iLds | L) 0 L) 0 0 0 0 0 ) 0 285 ClT

T acde 298 Seirtd & 0 adde rone 0 | | l | { I

2xcum IL 48 0 0 0 0 0 o 0 0 00 53 53 265

Random phases => SBO1 7541 55047 55440 ©2298 2BATINS J4BTTG3 SURM 4R35 0035 491% Ench cell calcs round trp reflected ek value oo
04746 46143 25723 02713 SOTT9 S46610%2 1569132 00521 ST7485 1108 45957 ncudes ER, random phase between reflectons
34031 48258 05971 60225 33724 04277678 034531 O‘ZDE sm IM )7406 and has random mod level for each reflector pas

271 61672 I63TT 09142 61708 26356447 2264 = mm —
27414 62411 0BT 21747 21012 02623088 38X 1400

2864 17074 55065 56846 55423 50803378 572

ug; 1542 1194 18604 42349 38523463 402! cumulative

16706 4965 41228 £1238 54055 44041497 370C

58131 29819 14195 22918 55153 58831043 4 141 Probability

33 0941 34963 4352 0629 01002125 0.1%

13007 03150 48363 5970 1368 20821835 218  1.6-02

22065 42369 36T 28908 266 4100477 168¢

61869 13018 51553 37727 4136 066495 05X

25832 53813 51514 26754 15107 27942515 0.56¢ 1.6-03
38007 34181 62790 49 OWE1 34894881 0567

1EMT 47566 52601 23074 060 21232746 03K
19632 15685 30564 43687 21845 30157085 4 80
00325 48773 1585 22446 01603 14330206 554¢
20174 2051 5633 5391 04207 24728861 &58¢
AT 0632 1228 2307 57548 4703684 374
05037 09156 24921 31255 09568 62567054 3re¢  1.E-05 1 0.26
55679 5138 38717 5545 S6426 31375657 622¢

513 34765 32518 S0216 $38% 36816216 4181
48923 0384 0255 09122 05408 0560305 050!  1.E-06

1.E-04

56065 2007 11785 14007 14168 33988243 203] 0.00 1.00
39188 4678 28916 0730 SHIM 208439 564] z 5 i
1095 4934 05446 03707 01X5 524107 4501 _ S - MP1 penalty db
Baseloe BER aversge phases 4 §° 0316 14625[03%) 1
24E8

— 4LC, 1MPO -> 0.33dB MPI penalty, budget of 2.71dB
R1 Igg_[g: 4 RS lepr —[Ru /4 . U ¢
Wt Xgﬂ@ﬁgmwm;ﬁww% AL

WC phases row. 0 0 0 0 0 0 0 0 (- 0
med-soan I

iLds | 0 0 o 0 0 0 ) L) () L2

1 akde 2 datbid L. & s nore 0 [ | | { { { [

2xcum 1L 48 oo o 0 & o o0 0 0 4m

Random phases «> 2AM5 TETW 5T 13148 0BT YOI ST 0183 15838 1387 I8&1) Each onl calcs round ¥ reflectnd feld value 00
IS 19263 14308 24T 54012 4375205 3253623 016068 18453 3157 14947 ncksdes ER. random phase between refiectons
01353 62430 49050 47227 50388 09205352 0059208 393306 18304 2566 34174 and has random mod kevel for each reflector pm

OST7 4627 236 364 452 IATBB INU 1 Ee
45601 57007 432 22406 0290 4511238 57 1

432 33015 4453 1256 4263 36792M 5711

40058 358 10827 32227 11912 29189561 0087 cumulative
17281 31743 07058 62281 43854 30234285 S1

SE17 60272 5029 2506 1313 18%4s04 33 Probability
03322 2765 S05M SBO0T 429 47BAESA 1773

35643 4057 00006 44423 3SM 27190310 588  1.€-02
21673 4BTST 26621 1038 G001 4243778 477§

1805 52011 55715 22908 51165 4305019 036!

13741 55511 45381 34M3 4006 48336 10M  1E.03
0743 31222 24801 3212 07216 0S&0RT 3K
07512 00K 42690 4418 3TN 4TI 54K
I8W7 00213 17468 34K 43082 3505282 0B
4795 23678 16968 ONGT 28148 37051 29X
COBTD 05846 58T 06T 37U 2828384 551
110 30634 24760 002 0435 580989 261
26608 13549 33564 10054 61327 083636 54  1.E-05 A 0.76
54550 28162 48065 14165 36328 1925817 574

07669 43730 580G 28178 34T 2 4R 5TX

21988 4585 44621 4G 56T 420207 48 1E06 Oct 26, 2016 IEEE 802.3cd ad hoc 19
37601 19845 5838 22385 53500 00132262 53¢ 0.00 1.00

17113 2953 17226 61693 30121 15165612 3104 "

1247 6447 52283 S%ET 3548 3 MP1 penalty d8

ETEYY «Zoc 200 EATAT ES443 4 UMY AMISET A GAAA £ 44T 480 4 Aees

1E-04




Applicable 100GBASE-DR/breakout topologies with 3.5dB budget (with MPI penalty).

Baseline BER
24604

Reflection level inputs->

WIC phases row

iLds
¥ acktn 203 S8 L. 0 add none
2xcum R 48

average phases 4

5 0318 145U Y
3 1404

2 3 L) Wl 9 W RIT R1Z
Pz:«i]:mc IRMIM RecaH BM_F R ] [frvole
a0 I 3% uumsm 2 4
phase b phase b phase b phase biphase bephase botwe phase bet, phase bet phase betwoen
0102 o203 n3-nid odeS oSl efol! el oo nSatlnti0n ol tati2

o 0 o0 0 0 0 6 o 0 0 0D 9w
o e 0 ) oo AT
o000 000U 5

5LC, 2MPO -> 0.35dB MPI penalty, budget of 3.52dB

Random phases =» SOSTY 1TeTd 20818 00004 S7BX 24037640 4863545 428233 46055 3B% 2028 Each cal caics round p reflected fkd vl co
47625 5501 31057 05628 156 2501258 0252173 141519 39772 4857 02769 nchdes R, 1andom phase betwoen reflctons
5441 21568 5823 18625 04M7 ATOOM%3 OGOONS 190272 26420 36TH 61003 s randcm mod leved for each refiactor pav
26023 38315 21313 1851 26871 31937609 1840~
S0007 S1561 103 14009 o281 Szaaram 2 1.E#0O
5561 5505 31678 0752 30469 1323003 56X
31833 23001 02822 10808 301A 353038 038 cumulative
2434 1262 3769 005 0T G2NMIT 402 ok e
3495 42538 55183 51867 3508 46520611 078
35502 02608 2947 53029 39158 19563443 537
V1017 14222 362% 12151 2044 11038912 612  1.6-02
12222 5001 2842 13842 06600 38841019 3367
11725 1209 48162 13785 16155 58888606 617
48759 27083 42075 43603 20565 16480023 541 1 £.03
4204 B0MM4 3645 34305 42691 11994658 31
53800 62266 3650 15007 27333 18774554 283
56720 S4iSd 2838 11561 00811 JETETME 268 4 e o4
3673 3443 20850 61215 1415 15643687 0124 :
01468 05209 45572 45004 54868 41797628 225¢
14553 18437 51087 41635 31050 283383% 431
25507 21543 57958 51271 20285 24115358 S  1.E-0S 0.98
27812 03202 00252 46321 4B41 54814%5 276¢
4503 3008 33501 23722 096X 28304688 147¢
INM 1760 45501 IO 5872 5729617 021C 1.E-06 i
31288 4856 0858 30717 145 52074481 207
16913 61121 01314 02665 19658 13230285 048 0.0 1.00 2,90
3245 3068 37157 0991 13857 3268765 435 MP1 penalty d8
S . e C N-DL (2LC, 4MPO 0.12dB MPI lty, bud f 3.53dB
Sue 5 ase N- ’ -> 0. pena ty, u get oT o.
R 3 R4 9 R0 RN IR 12
} lﬁwr% et WWW .«»c%m:@r‘w 7
Reflection bevel inputs-> 353000 K000 4000 2
mbmbmumummmwnmm.mmwmm
o102 n2-o3 n3eMd otdnlS S0t niba? o708 0l natlletin et )12
WIC phases row 0 0 0 0 0 0 0 0 0 0 0 wo
md-span I
iLds (N () o0 0 N C1g
1 ke 348 Subrtd LD adds nome 0 { [ | | [ | [
p— [ o 0 L1 L

Random phases »>

SE3 ABNZ VN0 OAAS3 25 20GTIOR OBOEMA 405 4S5 008) S517H
3148 35365 04281 13701 D4EV 51503385 16723 55723 44438 0T 235
48676 S99 Q6K 17379 2705 OTSOTEES 52019 37 382 042 4472
2382 1742 22879 29605 J4A 44kl 35T 1
62644 03750 OTM5 2815 2647 46530404 00K H
01296 53551 27255 4400 28359 5103205 068¢
44726 S6M3 34600 29579 OO 0SSTEY 1 cumulative

11318 28504 12974 SB481 47671 44013589 4N i

13148 37000 39637 05025 59113 2422 334 Probability
02578 47547 62507 3483 25112 55587404 064
56631 SATM 0268 28569 56%6 56805497 5580  1£-02

337 38269 19775 20728 48109 0A0056% 105)

2671 32803 4B 0509 42422 40862935 230¢

57308 007% 05088 5269 2504 03119 38%  1g.03
40308 47680 46554 20112 3953 2760383 SEN

15830 36533 391 4000 4365 02918803 2751
03439 57227 1984 34871 5932 0817322% 005
ST 1891 S2T2 47876 57520 33461141 353
1040 S5468 4121 02353 56900 5IN105 4S8!
49955 45473 332 18006 15218 3600642 2781
11130 27423 4930 44037 33138 seoreer 06  1.E05 ¢ 0.39
26198 4445 1339 01574 28991 22512098 234

13545 35785 61105 2365 55852 3BGSEI 4
62221 3386 39533 3053 10384 4930897 203  1E-06
26083 5901 47101 35744 31386 07137414 45 0.00

11830 06628 61278 26217 05222 SSTETANN 6184

30542 4617 09235 47082 35129 401N 2286 MP! penalty d8
CW 20180 AT 240Y) 1ARY) AVGSAN AARLart 1AM KUY AR 2ol

Each col caics round tnp reflected Seld value con
ncudes ER, random phase between refiectons
and has random mod level for each reflecior par

1E-04

2fcord

DR _o\ie
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