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Background

Different contributions and models have been recently submitted to solve the MPI big ticket
item for double and triple links.

This presentation (together with a separate spreadsheet file) compares the results
illustrated into SMF ad-hoc area by different contributors:

* King: MPI statistical model and results
e Bhatt: Estimating MPI penalties
e Liu: Upper Bound Based MPI Penalty Analysis

And shown comparison results over similar cases, achieved running available calculators.

e King (Jan 12): Monte Carlo MPI spreadsheet model
* Bhatt: MPI Penalty Upper Bound Calculator

All results are given assuming minimum PMD extinction ratio and 26dB TX/RX reflectance’s.
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Pictorial views of channel models.

Double and triple links

represented with 12 reflectance
points R1-R12, of which R1 and R12
are the TX and RX.
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For FR8/LR8 double link, R6 and R7
are assumed =-1000 into
calculator.

T~

For DR4 double link R2, R5, R6, R7,
R8 and R11 are assumed = -1000
into calculator.

FR8/LR8
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Double link DR4 (no loss): results comparison.

* Double-link

Sanaug nct M pmem aad 4 LCs + 4 MPOs
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Set R2 and R5 tr,'fl) -1000 |‘ Set R6 and R7 =100 Set RE and R11 to -1000
PID / I [— PID
RA1 R2 R3 R 4 R &5 RB Ry R3 R 9 R 10 R 11 RA12
Rpmd ReonF ReonG Rcon3 |ReonH| Reonk | Reonk | ReonH RconF | Rpmd
1000 [ 000 | 1000 | -1000
-1000 | -1000 | -1000 | -1000
=000 [ 000 | 1000 [ -1000
-1000 [ 000 | 1000 [ -1000
-1000 | -1000 | -1000 | -1000
Case B 20 -1000 -1000 [ 000 | 1000 [ -1000
Case C 20 -1000 1000 [ 000 | 1000 [ -1000
Case D 20 -1000 -1000 [ 1000 | 1000 | -1000
Liu Bhatt King Upper bound : Good agreement between Liu and King
Liu_Stat_U
. Liu_Upper_Bo — = |Bhatt_Disc_Up| King_Upper |King_Montecarlo |King_Montecarlo dCross cases 1-4,
ER[dB]| Liu case und | PPEr-BOUR | Bound (2.4E-4,5000) | (2.2E-12,5000) . . .
8 Statistical/Discounted upper bound : Good agreement
Casel 5 Case A(DR4) b Li d Bh D=0.8 1-4
e 5 [case C (DR etween Liu an att (D=0.8) across cases 1-4.
Case 3 5 |Case F(DR4) Since Montecarlo (target BER 2.4E-4, 5000 rows, estimation
Case 4 5 |CaseE(DR4) at 1E-6 BER) provide more optimistics results than statistic,
Easeg z Case B (DR4) 2.4E-12 target BER (same rows and BER estimation) were
252 . .
CaseC | 5 |CamnoRa also run, so to try to forecast statistical upper bound results
Case D 5 |Case G (DR4) when then Bhatt calculator was not used (mixed links).

N

ToA_t

-AII Statistical/Montecarlo rasults > 1dB penalty, 2dB > Upper >1dB
One between Statistical/Montecarlo results > 1dB penalty, 2dB > Upper >1dB

Double Link: 4 MPO, 26¢B TX/RX reflectance

All Statistical/Montacarlo results < 1dB penalty, 2dB > Upper »1dB

-AII results < 1dB penalty

>= 35dB RL needed to meet
1dB MPI penalty if connector
or and mid loss are set to OdB.
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MP penalty [dB]

Double Link: 4 MPO, 20dB T¥ / 26R¥ reflectance
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Double link DR4 (distributed and mid loss): comparison.
Liu Bhatt King
Connector ' . Liu_Stat_U .
eR 1| SOt O R 02 | S o g | e
SL Casel -1000 | -1000| O | -1000 | -1000 0.561 0.73 0.22 0.6
SL Case 1a -1000 | -1000 | A -1000 | -1000 0.564 0.26
Sl Case 2 5 05 -1000 | -1000 0| -1000 | -1000 0.23 0.28 0.08 0.17
SL Case 2a -1000 | 1000 | A -1000 | 1000 0.24 0.05
SL Case 3 -1000 | -1000 | O | -1000 | -1000 0.14 0.17 0.03 0.03
SL Case 2a -1000 | -1000 1 -1000 | -1000 0.14 0.02
SL Case Al -20 | -1000 -1000 | -1000 | O | -1000 | -1000 0.94 1.16 0.65 0.9
SL Case A -20 | -1000 -1000 | -1000 | A -1000 | -1000 1 0.5
SL Case B 5 05 =200 | -1000 -1000 | -1000 0| -1000 | -1000 0.39 0.49 0.18 0.35
SL Case Bl -20 | -1000 -1000 | -1000 | A -1000 | -1000 0.41 0.12
SL Case C -20 | -1000 =000 | 1000 ) O | -1000 | -1000 0.25 0.32 0.1 0.21
SL Case C1 -20 | -1000 -1000 | 1000 | A -1000 | -1000 0.26 0.07

Zet 0.5dB into "per segment loss" into bhatt calculator
Forcing 0.5dB into 014, E14, 114 and K14 of King calculator

/

- All Statistical/Montecarlo results > 1dB penalty, 2dB > Upper »1dB
One between Statistical/Montecarlo results = 1dB penalty, 2dB = Upper »1dB
All Statistical/Montecarlo results < 1dB penalty, 2dB > Upper »1dB

All results < 1dB

MPI Upper bound penalty for 26 (20dB) TX reflectance:
*  MPO connector with IL=0.5dB and 45dB RL, 1dB mid loss -> MPI penalty =< 0.28 (0.49) dB.
*  MPO connector with IL=0.5dB and 55dB RL, 1dB mid loss -> MPI penalty =< 0.14 (0.26) dB.

penalty

Liu Bhatt King
ER [dB] Locs: IE:B] Mid Uu;l:::r_ I;:i:;::: ::::::;:;: King_upper m:ft;s EE:( Iﬁ::;’::’: :—E(
R5 | R6 | Loss | R7 | R8 S || S
-1000 | 1000 0 -1000 | 1000 0.98 0.76 0.76 0.98 0.5 0.75
ML Case 1 5 0 -1000 | 1000 15 -1000 | -1000 0.78 0.37 0.6
-1000 | -1000 3 -000 | -1000 0.64 0.2 0.53
-1000 | -1000 0 -1000 | -1000 0.4 0.31 0.31 0.39 0.18 0.32
ML Case 1 5 0 -1000 | 1000 15 -1000 | 1000 0.3 0.09 0.22
-1000 | 1000 3 -1000 | -1000 0.24 0.06 0.18
-1000 | -1000 0 -1000 | -1000 0.25 0.2 0.2 0.25 0.09 0.17
ML Case 1 5 0 -1000 | -1000 15 -1000 | -1000 0.19 0.04 0.09
-1000 | 1000 3 -1000 | -1000 0.14 0.02 0.07
-1000 | -1000 0 -000 | -1000 1.22 1.59 0.8 1.35
ML Case A 5 0 -1000 | -1000 15 -1000 | -1000 1.23 0.7 1.15
-1000 | 1000 3 -1000 | 1000 1 0.5 0.75
-1000 | 1000 0 -1000 | -1000 0.71 0.55 0.55 0.71 0.35 0.55
ML Case B 5 0 -1000 | -1000 15 -000 | -1000 0.53 0.18 0.41
-1000 | -1000 3 -1000 | -1000 0.41 0.14 0.24
-1000 | 1000 0 -1000 | 1000 0.49 0.39 0.38 0.49 0.2 0.38
ML Case C 5 0 -1000 | 1000 15 -1000 | -1000 0.35 0.12 0.25
-1000 | -1000 3 -1000 | -1000 0.26 0.07 0.17




Double link FR8/LR8 (no loss): results comparison.

* Double-link
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. Liu_Upper_Bo (hn G 11 Bhatt_Disc_Up King_Montecarlo | King_stat (2.1E
ER[dB]|  Liu case und ppe'aﬂ""" per_Bound | M"E-UPPET | o 4k a,5000) 12,5000)

Case 5 4.5 |Case C(FRE)

Case b 4.5 |Case D (FRE)

Case 7 4.5 |Case E (FR3) 1.49 1.16 1.47 0.79 1.1
Case 8 4.5  |Case F(FRE) 1.12 0.93 1.17 0.61 1

N

T 1

T

_AH Statistical/Montecarlo results > 1dB penalty, 2dB > Upper >1dB
One between Statistical/Montecarlo results » 1dB penalty, 2dB > Upper »1dB
All Statistical/Montecarlo results < 1dB penalty, 2dB > Upper >1dB

All results < 1dB penalty
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26dB LC RL (case 5) showing high

penalties even with 55dB MPO.
All 35dB (case 6) also showing > 1dB MPI
penalty with all models.
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Upper bound : Good agreement between Liu and King

across cases 5-8.

Statistical/Discounted upper bound : Good agreement
between Liu and Bhatt (D=0.8) across cases 5-8.

Since Montecarlo (target BER 2.4E-4, 5000 rows) provide
more optimistics results than statistic, 2.4E-12 target
BER were also run, so to try to forecast statistical upper
bound results when then Bhatt calculator was not used
(mixed links).

MPA penalty [dB]

Double Link with 4 MPO and LC, 26dB TX/R¥X reflectance

—Liu_Upper_Béund
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P _{stat_upper)_bhatt

= king_upper

e ing_Montecarlo [2.4E-4,5000)
King_Montecarlo (2.4E-12,5000)

e
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Case #




Double link FR8/LR8 (0 to 4dB mid-loss): comparison.

* Double-link

fan-out fan-out

% 4 LCs + 4 MPOs
[p-fwer -uv;:( ::Mf ..-'flo,-lf’c':.wer xcvr] FR8/LR8

array cord

[paratel xcvr 7 - e 4 MPOs DR4

/ ‘s’" Set R6 and F%QOO e ks
PMD ' / PMD
R1 R2 R3 R4 RS R6 R7 R8 R9 R10 R R12

Rpmd | RconF | ReonG ReonG RconH RconK RconK | RconH | ReconG ReconG ReonF Rpmd

Liu Bhatt King
hid Upper Bound | Stat Upper |Bhatt_Disc_Up (e King_stat {2.4E | King_stat {2.1E-
ER [dB] Liu case R 6 Loss R 7 MM Bound per_Bound 4,5000) 12,5000}

Caze C(FR8) -1000 | 0 | -1000

Case9 | 4.5 |CaseC(FRY) 000 | 2 | -1000
Caze C(FR8) -1000 | 4 | -1000

Caze C(FR8) -1000 | 0 | -1000

Case 5a 4.5 000 2 | -1000
-1000 | 4 | -1000

Caze F(FRE) -1000 | 0 | -1000

Case 7a 4.5 000 2 | -1000
-1000 | 4 | -1000

Case F(FRS) 000 0 |-1000

Case Ba 4.5 000 2 | -1000
-1000 | 4 | -1000

- All Statistical /Montecarlo results = 1dB penalty, 2dB = Upper =>1dB
One between Statistical /Montecarlo results » 1dB penalty, 2dB » Upper »1dB
All Statistical/Montecarlo results < 1dB penalty, 2dB > Upper >1dB
All results < 1dB penalty

Note: bhatt_calculator doesn’t currently allows mixed links and mid loss.

26dB RL seems not an option on LC connectors if we want penalty < 1dB.
Next slide showing trends of Cases 5a, 6a, 8a and 9.
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Double link FR8/LR8 (0 to 4dB mid-loss): comparison.
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Triple link FR8/LR8 (0 to 6dB mid-loss): comparison.

» Triple

24 cox
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Results with Montecarlo at 2.4E-12 BER are
similar (slightly better) than statistical upper
bound.

A
paraliel \ =T Shiceon MPCls [ | Y-.M
| 3 i L Some odd and «scattered» Montecarlo
PMD ! ! ‘- ' i \ I [PvD .
e o wmmT T Em T B results (see spreadsheet and slide 11).
Rpmd RconF| ReonG | ReonG | ReonH | Reonk | ReonK |ReonH| ReonG | ReonG | ReonF | Rpmd
35 | -3 | -3
Liu Bhatt King
Liu_Upper_Bo | Liu_Stat_Up Bi:Jatl_I]i: King_upp Iﬁtng_w:on Iﬁng_l\o:ont
ER[dB]| Liu case R2 | R3 | R4 | R5 | R6 |Loss| R7 | R8 | R9 | R10| R per_Bound | PP er | DR | N
CaseD (TL) 35 35 35 | 3| B 0 35 | -3 -35 3| 3B
Triple Link 35 35 35 | 3% | B 1
Case 1: 26dB 35 35 35 | 3% | 3B 2
TX/RX refl, 4.5 35 35 35 | 3% | 3B E
35dB LC and 35 35 35 | 3% | 3B 4
35dB MPO 35 35 35 | 3% | 3B B
35 35 35 | 3% | 3B £
CaseE (TL) 35 -45 45 | 35 | 3B 0
Triple Link 35 -45 45 | 35 | 3B 1
Case 2: 26dB 35 -45 45 | 35 | 3B 2
TX/RX refl, 4.5 35 -45 45 | 35 | 3B 3
35dB LC and 35 -45 45 | 35 | 3B 4
45dB MPQO -30 -30 -3 i
36 35| B €
CaseF (TL) -30 -3 -3 0
Triple Link -30 -3 -3 1
Case 3: 26dB -3 -39 -35 2
TX/RX refl, 4.5 35 -3 | -6 3
35dB LC and -30 -38 -3 4
55dB MPO -3h -35 -3 B
-35 3]
Triple Link
Case 4: 26dB 4.5
RL LZ, 45dB RL
Triple Link
Case 5: 26dB 4.5
RL LZ, 55dB RL
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-AH Statistical/Montecarlo results > 1dB penalty, 2dB > Upper >1dB&
One between Statistical/Montecarlo results » 1dB penalty, 2dB = Upper =1dB
All statistical/Montecarlo results < 1dB penalty, 2dB > Upper »1dB
All results < 1dB penalty



Triple link FR8/LR8 (0 to 6dB mid-loss): comparison.

* Triple-link

6 LCs + 4 MPOs
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. Fiple Link (3) . / Results with Montecarlo at 2.4E-12 BER are similar (slightly better)
| —Lju_Upper_Bound Q. nQ
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= T .
£ T
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. . . ; : . . . ; e  3dB mid-loss for MPO 55dB, LC 35dB RL.
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Montecarlo’s odd plots (triple-link).
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Case2 (0dB), 2.4E-4, 5000 rows
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Comments

A detailed comparison of the three methods to estimate MPI
penalty is given.

Upper bound : Good agreement between Liu and King across cases.

Statistical upper bound : Good match between Liu and Bhatt (D=0.8) across

cases.

Montecarlo cases run (King, target BER 2.4E-4, 5000 rows) provide more
optimistics results than statistic upper bound ones.

With Montecarlo the penalty estimation becomes sometimes harder, so
trends are bit more scattered; in some of the run cases the model appears to

be broken.
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From kolesar 01 0413 smf...

Proposed content for Clause 96, underlined texts contain references

96.11.3.2 Medium Dependent Interface (MDI) requirements

The MDI shall meet the dimensional specifications of y
receptacle, angled interface. The plug terminating the optical fiber cabling shall meet the dimensional
specifications of IEC 61754-7-1 interface 7-1-1: MPO female plug connector. down-angled interface for 2 to

12 fibres The MDI shall optically mate with the plug on the optical fiber cabling. Figure 96-7 shows an
MPO female plug connector with down-angled interface, and an MDI as an active device receptacle with
angled interface.
Flber cable Keyway
— -:.‘_‘_ —
= “'.%t..-..ﬂy ;
Ef{ = =D
3\
Allgnment hole Alignment pin
MPO female plug connector with MDI as an active device receptacle
down-angled interface with angled interface

Figure 96-7—MPO female plug with down-angled interface and
MDI active device receptacle with angled interface

The MDI shall meet the interface performance specifications of IEC 61793-021-2 for performance level D/1.

IEC SM Connection Performance Grades

96.11.2.2 Maximum discrete reflectance

Attenuation grade | Attenuation in random mate i At v it 55
A Not yet defined
B <0.12 dB mean
< 0.25 dB max for > 97% of samples
c <0.25dB mean - Appropriate for
< 0.50 dB max for > 97% of samples “un-tuned” LC
D <0.50 dB mean
< 1.0 dB max for > 97% of samples <j Appropriate for MPO

Return loss grade | Return loss in random mate

1 2 60 dB mated, 2 55 dB unmated <,‘i| Appropriate for APC

2 >45dB

2 = Aligned with t
igned with presen

2 22640 <7 leeE 8023 specs
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