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Background

During the May 5th 802.3cu ad-hoc conference call, several PMD spec changes were proposed in
cole 3cu adhoc 050520 v4

A number of straw polls were taken and provided a consensus direction on the proposed changes
(minutes 3cu adhoc 050520)

The results of the straw polls can be summarized as follows.

Technical changes:

1. Change TDECQ(max), TECQ(max) and SECQ(max) for 400GBASE-LR4-6 from 3.5dB to 3.4dB

2. Change to asingle extinction ratio range for the specification of TXOMA and Power Budget (at max
TDECQ) for all PMDS, with values consistent with those defined for ER<4.5.

3. Use TECQ rather than SECQ when representing RS requirements.

Editorial changes:
4. Change how TxOMA requirements are represented in the “transmit characteristics” tables.
5. Change how RS requirements are represented in the “receive characteristics” tables.


http://www.ieee802.org/3/cu/public/cu_adhoc/cu_archive/cole_3cu_adhoc_050520_v4.pdf
http://www.ieee802.org/3/cu/public/cu_adhoc/cu_archive/minutes_3cu_adhoc_050520.pdf

Straw Poll Results (5" May Ad Hoc)

Straw Poll #1:

| would support changing the TDECQ(max), TECQ(max) and SECQ(max) values for 400GBASE-LR4-6from 3.5dB
to 3.4dB as proposed in slide 3 of cole_3cu_adhoc_050520 v4.

Yes: 19

No: 4

Straw Poll #2:

| would support changing to a single extinction ratio range for the specification of TXxOMA for 400GBASE-FR4
and 400GBASE-LR4-6, with values consistent with those defined for ER<4.5 in the D2.1 draft.

Yes: 17

No: 5

Straw Poll #3:

| would support changing to a single extinction ratio range for the specification of TXxOMA for 100GBASE-FR1
and 100GBASE-LR1, with values consistent with those defined for ER<4.5 in the D2.1 draft.

Yes: 16

No: 5



Straw Poll Results (5" May Ad Hoc)

Straw Poll #4:

For representing TXOMA requirements in the “transmit characteristics” tables, | would prefer:
A. Editorial Alternative 1 in slide 4 of cole_3cu_adhoc_050520 v4

B. Editorial Alternative 2 in slide 4 of cole_3cu_adhoc_050520 v4

C. No strongopinion

A:6B:14C: 8

Straw Poll #5:

For representing RS requirementsin the “receive characteristics” tables, | would prefer:
A. Editorial Alternative 1 in slide 5 of cole_3cu_adhoc_050520 v4

B. Editorial Alternative 2 in slide 5 of cole_3cu_adhoc_050520 v4

C. No strong opinion

A:5B:16C:7

Straw Poll #6:

For representing RS requirementsin the “receive characteristics tables, | would prefer to use
TECQ or SECQiin the tables:

A. TECQ

B.SECQ

A:18B: 8



Overview

During offline consensus discussions following the May 5th ad-hoc call, a few minor
issues were identified with some of the values in cole 3cu adhoc 050520 v4 (that
don’t change the intent or direction of the straw poll results).

This presentation captures a consolidated view of all the changes required to the
P802.3cu D2.1 draft and is in support of comment #8 (changes from D2.1 are
highlighted in blue text).


http://www.ieee802.org/3/cu/public/cu_adhoc/cu_archive/cole_3cu_adhoc_050520_v4.pdf
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Changes to Table 140-6

Table 140-6—100GBASE-DR, 100GBASE-FR1, and 100GBASE-LR1 transmit
characteristics

Description 100GBASE-DR 100GBASE-FR1 100GBASFE-TR1 Unit

Signaling rate (range) 53.125 £ 100 ppm GBd
Modulation format PAM4 —
Wavelength (range) 1304.5 to 1317.5 nm
Side-mode suppression ratio (SMSR), 30 dB
(min)
Average launch power (max) 4 4 48 dBm
Average launch power? (min) 29 —2.9 2-1.9 dBm
Outer Optical Modulation Amplitude 42 432 5 dBm
(OMA gytey) (max)
Outer Optical Modulation Amplitude —038 —02 1 dBm
(OMA ytep) (min)®>
for TDECQ <1.4dB —0.1 1.1 dBm
for 14dB <= TDECQ < 34dB =15+ TDECQ 03+ TDECQ dBm
Launch power in OMA 4. minus
TDECQ (nun):
for extinction ratio = 5 dB -22 — — dBm
for extinction ratio < 5 dB -19 — — dBm

o " " - . — ] _-:, { |,__2 dB‘Iﬂ
Transmitter and dispersion eye clo- 34 34 34 dB
sure for PAM4 (TDECQ) (max)
TDECQ - 10l0g;0(Ceq) (max) © 34 — — dB




Changes to Table 140-6 (cntd

Description 100GBASE-DR 100GBASE-FR1 100GBASE-TR1 Unit
TECQ (max — 34 34 dB
| TDECQ - TECQ | (max) — 25 25 dB
Average launch power of OFF frans- -15 =15 -15 dBm
mitter (max)
Extinction ratio (min) 35 35 35 dB
Transmitter transition time (max) 17 17 17 Ps
Transmitter over/under-shoot (max) — 22 22 %
Transmutter peak-to-peak power — 5 58 dBm
{max)
BRI, . OMA(mest) —136 —136 -136 dB/Hz
RIN, OMA (max). where x is the opti-
cal return loss tolerance (max)
Optical return loss tolerance (max) 155 17.1 15.6 dB
Transmitter reflectance? (max) —26 =26 =26 dB

Average launch power (min) is informative and not the principal indicator of signal strength. A transmitter with
l'mnch power below this value cannot be compliant; however, a value above this does not ensure comphance
®For 100GBASE-DR_Eeven if the TDEC Q < 1.4 dB for an extinction ratio of = 5 dB or TDECQ < 1.1 dB for an ex-

tlncuon ratio of < 5 dB tlle i:)'D\.JI.ﬁ'sL,:,mer (nun) mu'-:t exceed thr; v alue FﬁH@QErB&SE—ECH—m—P@E}GBﬁ:SE—ERl—Mi

CCEq is a coefficient defined in 121 8.5 3, which accounts for the reference equalizer noise enhancement.
ransmitter reflectance 1s defined looking into the transmuitter.



Changes to Table 140-7

Table 140-7T—100GBASE-DR, 100GBASE-FR1. and 100GBASE-LR1 receive characteristics

. Malue . . -
Description 100GBASE-DR 100GBASE-FR1 100GBASE-LR1 Unit
Signaling rate (range) 53.125 + 100 ppm GBd
Modulation format PAM4 —
Wavelengths (range) 1304510 1317.5 nm
Damage threshold? 5 5 58 dBm
Average receive power (max) 4 4 48 dBm
Average receive power? (min) 5.9 —6.9 —83-82 dBm
Receive power (OMA gytep) (max) 472 42 5 dBm
Receiver reflectance (max) —26 =26 =26 dB
Receiver sensitivity (OMA yyer)° (max) | Equation (140-1)° — — dBm
for SECQTECQ <14 dB — —4.5 —6.1 dBm
for1.4dB = SECQTECQ =34 dB — —5.9+5EC- —7.5 +SEC- dBm
TEC QTECQ
Stressed recgiver sensitivity -19 —2.5 —4.1 dBm
(OMA o) (max)
Conditions of stressed receiver sensitivity test:®
Stressed eye closure for PAM4 34 34 34 dB
(SECQ)
SECQ - 1010g10(CE.q)f (max) 34 — — dB




Changes to Table 140-8

Table 140-8—100GBASE-DR

100GBASE-FR1. and 100GBASE-LR1 illustrative link power

budgets
Parametel 100GBASE.DR 100GBASE FR1 | 100GBASE TRI1 Unit

Power budget (for max TDECQ): 7.8 10.6

for extinction ratio = 5 dB 6.5 — — dB
for extinction ratio < 5 dB 68 — — dB
or extinetionfatio< — %8 106 48
Operating distance 500 2 000 10 000 m
Channel 1nsertion 1055.3=E See 1409 4 6.3 dB
Maxunum discrete reflectance -35 See 140.10.2.2 See 140.10.2.2 dB
Allocation for penaltiesc_(for max 38 43

TDECQ):

for extinction ratio = 5 dB 6.5 minus max — dB

channel insertion
loss per
Table 140-12
for extinction ratio < 5 dB 6.8 minus max — — dB
channel insertion
loss per
Table 14012
Additional insertion loss allowed 0 0 0 dB




Changes to 140.7.9

The receiver sensitivity (OMAouter) shall be within the limits given in Table 1407 for 100GBASE-FR1
and 100GBASE-LRI1. if measured using a test pattern for receiver sensitivity in Table 140-10.

The conformance test signal at TP3 meets the requirements for a 100GBASE-FR1 or 100GBASE-LR1
transmitter followed by an attenuator.

The SECO-TECQ of the conformance test signal is measured according to 140.7.5. except that the test fiber
is not used. The measured value of SECOTECQ is then used to calculate the limit for receiver sensitivitv
(OMAouter) as specified in Table 140—7 and illustrated in Fieure 140—5.

12
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Changes to Table 151-7

Table 151-7T—400GBASE-FR4 and 400GBASE-LR4-6 transmit characteristics

Description 400GBASE-FR4 400GBASE-LR4-6 Unit
Signaling rate, each lane (range) 53.125 + 100 ppm GBd
Modulation format PAM4 —
Lane wavelengths (range) 1264.5t0 12775 nm
1284.5t0 1297.5
1304 5to 1317.5
1324.5t0 13375
Side-mode suppression ratio (SMSR), (min) 30 dB
Total average launch power (max) 9.5 102 dBm
Average launch power, each lane (max) 35 42 dBm
Average launch power, each lane® (min) 33132 2827 dBm
Outer Optical Modulation Amplitude (OMA ;). each 3.7 4.4 dBm
lane (max)
Outer Optical Modulation Amplitude (OMA ;). each —43 42
lane (min):
for TDECQ <1.4 dB —0.2 03 dBm
for14dB < TDECQ = 3 4dB -1.6 + TDECQ -1.1+TDECQ dBm
Difference in launch power between any two lanes 4 4 dB
(OMA gyter) (max)
—+£ —13 4Bm

14



Changes to Table 151-8

Table 151-8—400GBASE-FR4 and 400GBASE-LR4-6 receive characteristics

Description 400GBASE-FR4 400GBASE-LR4-6 | Unit
Signaling rate, each lane (range) 53.125 = 100 ppm GBd
Modulation format PAMA4 —
Lane wavelengths (range) 12645 to 1277.5 nm
1284 5t0 1297.5
1304 5to0 13175
1324 5t0 13375
Damage threshold® each lane 4.5 5.2 dBm
Average recerve power, each lane (max) 35 42 dBm
| Average receive power, each lane? (min) —F3-772 919 dBm
Receive power (OMA j4er). each lane (max) 37 44 dBm
Difference in receive power between any two lanes 4.1 43 dB
(OMA j4er) (max)
Receiver reflectance (max) -26 dB
Recetver sensitivity (OMA jy4er). each lane (max)
for SEEQTECQ <14 dB 4.6 —6.8 dBm
for 1.4 dB < SECOTECQ < 34 dB —6+SECOTECQ | —8.2+SECOTECQ | dBm
=1 = SECQ=25 — —S2+5FCQ 4Bm
| Stressed receiver sensitivity (OMA gyier). each lane® (max) -2.6 —47138 dBm
Conditions of stressed recerver sensitivity test:4
| Stressed eye closure for PAM4 (SECQ), lane under test 34 3534 dB
OMA juter of each aggressor lane 1.5 —0.4 dBm




Changes to Table 151-9

Table 151-9—400GBASE-FR4 and 400GBASE-LR4-6 illustrative link power budgets

Parameter 400GBASE-FR4 400GBASE-LR4-6 Unit
| Power budget (for maximum TDECQ): 7.8 105
Operating distance 2 6 km
Channel insertion loss 43 50 dB
Maximum discrete reflectance See 1511122 See 15111272 dB
| Allocation for penalties® (for maximum TDECQ): 38 42 dB
= ptinetion ratio—< D 43 4B
Additional mmsertion loss allowed 0 13 dB

? The channel insertion loss is calculated using the maximum distance specified in Table 151-6 for 400GBASE-FR4
and fiber attenuation of 0.5 dB/km plus an allocation for connection and splice loss givenin 151.11.2.1.
® The channel insertion loss is calculated using the maximum distance specified in Table 1516 for 400GBASE-LR4-6
and fiber attenuation of 0.5 dB/km plus an allocation for connection and splice loss givenin 151.11.2.1.

© Link penalties are used for link budget calculations. They are not requirements and are not meant to be tested.



Changesto 151.8.12

151.8.12 Receiver sensitivity

The receiver sensitivity (OMA_ ) of each lane shall be within the limits given in Table 151-8 for
400GBASE-FR4 and 400GBASE-LR4-6. if measured using a test pattern specified for receiver sensifivity in
Table 151-11.

The conformance test signal applied at TP3 meets the requirements for a 400GBASE-FR4 or 400GBASE-
LR4-6 transmitter followed by an attenuator. An optical demultiplexer may be used to separate the lane hav-
ing the wavelength for the lane under test as specified in Table 151-8 for calibrating the SECQTECQ.

The SECQTECQ of the conformance test signal is measured according to Fable 15185 151.8.5. except that
the test fiber is not used. The measured value of SECQTECQ is then used to calculate the limit for receiver
sensitivity (OMA ..} as specified in Table 151-8 and illustrated in Figure 151-6 .

17



Changes to Table 151-16

Table 151-16—Channel insertion loss requirements for interoperation between
400GBASE-LR4-6 and 400GBASE-FR4

Direction AMin loss AMax loss Unit

400GBASE-LR4-6 transmitter to 400GBASE-FR4 recerver 0.7 4.5 dB

| A00GBASE-FR4 transmitter to 400GBASE-LE4-6 receiver 0 61672 dB




Backup
(clean version of changes)
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Changes to Table 140-6 (clean

Table 140-6—100GBASE-DR. 100GBASE-FR1. and 100GBASE-LR1 transmit Table 140-6—100GBASE-DR_100GBASE-FR1. and 100GBASE-LR1 transmit characteristics

characteristics (continued)

Description 100GBASE DR 100GBASE FR1 100GBASE-ILR1 Unit Description 100GBASE.DR 100GBASE-FR1 100GBASE-LR1 Unit
Signaling rate (range) 53.125 £ 100 ppm GBd TECQ (max 34 34 dB
Modulation format PAMA4 — | TDECQ - TECQ | (max) — 25 2.5 dB
Wavelength (range) 1304.5to 1317.5 nm Average launch power of OFF trans- -15 =15 =15 dBm

- ] - mitter (max)
Side-mode suppression ratio (SMSR), 30 dB
(min) Extinction ratio (min) 35 35 3.5 dB
Average launch power (max) 4 4 48 dBm Transmitter transition time (max) 17 17 17 ps
Average launch power® (min) -29 =29 =19 dBm Transmitter over/under-shoot (max) 22 22 %
Outer Optical Modulation Amplitude 4.2 42 5 dBm Transmitter peak-to-peak power — 5 5.8 dBm
(OMA jypep) (max) (max}
Outer Optical Modulation Amplitude —0.8 dBm RENy 5 cOMA (mas) —-136 =136 —136 dB/Hz
(‘OMAomer) (min)®: RIN;OMA (max). where x 15 the opti-
for TDECQ <1.4 dB =0.1 1.1 dBm cal return loss tolerance (max)
for1.4dB <= TDECQ =34 dB -1.5+ TDECQ =0.3 + TDECQ dBm
Optical return loss tolerance (max) 155 17.1 156 dB
Launch power in OMA .. minus
TDECQ (min): Transmitter reflectance? (max) =26 =26 =26 dB
for extinetion ratio = 5 dB 22 — — dBm
for extinction ratio < 5 dB 19 - - dBm Average launch power (min) 1s informative and not the principal indicator of signal strength. A transmitter with
— — launch power below this value cannot be compliant; however, a value above this does not ensure compliance
Transmitter and dispersion eye clo- 34 34 34 dB PEor 100GBASE-DR. Eeven if the TDECQ < 1.4 dB for an extinction ratio of 2 5 dB or TDECQ < 1.1 dB for an ex-
sure for PAM4 (TDECQ) (max) tinction ratio of < 5 dB. the OMA e, (min) must exceed this value.
€Cq 15 a coefficient defined in 121.8.5.3, which accounts for the reference equalizer noise enhancement

TDECQ ~ 10log((Ceq) (max) © 34 = = dB Transmitter reflectance is defined looking into the transmitter.

21



Changes to Table 140-7 (clean

Table 140-7—100GBASE-DR, 100GBASE-FR1. and 100GBASE-LR1 receive characteristics

atue

Description 100GBASE-DR 100GBASE-FR1 100GBASE-LR1 Unit

Signaling rate (range) 53.125 + 100 ppm GBd
Modulation format PAMA4 —
Wavelengths (range) 1304510 1317.5 nim
Damage threshold? 5 5 58 dBm
Average recerve power (max) 4 4 48 dBm
Average recerve power"" (min) -59 —6.9 —82 dBm
Receive power (OMA gyter) (max) 42 42 5 dBm
Receiver reflectance (max) —26 26 —26 dB
Recerver sensitivity (OMA gyie)° (max) | Equation (140-1)° — — dBm
for TECQ < 1.4dB f— 45 —6.1 dBm
for 14dB=TECQ=34dB f— =59+ TECQ —7.5+ TECQ dBm
Stressed recerver sensifivity -19 =25 =41 dBm
(DEv[!-‘kmnﬁjlC1 (max) -
Conditions of stressed receiver sensitivity test:®

Stressed eye closure for PAM4 34 34 34 dB

(SECQ)

SECQ — 10log 9(C,)f (max) 34 — dB




Changes to Table 140-8 (clean

Table 140-8—100GBASE-DR, 100GBASE-FR1. and 100GBASE-LR1 illustrative link power

budgets
Parameter 100GBASE.DR 100GBASE-FR1 | 100GBASE-LR1 Unit
Power budget (for max TDECQ): 78 10.6
for extinction ratio = 5 dB 6.5 — — dB
for extinction ratio < 5 dB 6.8 — — dB
Operating distance 500 2 000 10 000 m
Channel insertion 10553=E See 1409 4 63 dB
Maximum discrete reflectance -35 See 140.10.2.2 See 140.10.2.2 dB
Allocation for penaltiesc_(fcn' max 38 43
TDECQ):
for extinction ratio = 5 dB 6.5 minus max — — dB
channel insertion
loss per
Table 140-12
for extinction ratio < 5 dB 6.8 minus max — — dB
channel insertion
loss per
Table 140-12
Additional insertion loss allowed 0 0 0 dB

*The channel insertion loss is calculated using the maximum distance specified in Table 140—5 for 100GBASE-DR
and 100GBASE-FR1 and eabled eptical-fiber attenuation of 0.5 dB/km plus an allocation for connection and splice

loss given in 140.10.2.1.

l—3'1"]Je Channel msertlon loss is calculated using the maximum distance 5.13&01ﬁed n Table 140-5 for 1(}OGBASE LRl

140 10.2.1.
“Link penalties are used for link budget calculations. They are not requirements and are not meant to be tested.
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Changes to 140.7.9 (clean)

The receiver sensitivity (OMA outer) shall be within the limits given in Table 140-7 for 100GBASE-FR1
and 100GBASE-LE.. if measured using a test pattern for receiver sensitivity in Table 140-10.

The conformance test sienal at TP3 meets the requirements for a 100GBASE-FR1 or 100GBASE-LR1
transmitter followed by an attenuator.

The TECQ of the conformance test signal is measured according to 140.7.5. except that the test fiber is not

used. The measured value of TECQ is then used to calculate the limit for receiver sensitivity (OMAouter) as

specified in Table 140-7 and illustrated in Figure 140-5.

24
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Changes to Table 151-7 (clean

Table 151-7T—400GBASE-FR4 and 400GBASE-LR4-6 transmit characteristics

Description 400GBASE-FR4 400GBASE-LR4-6 Unit
Signaling rate, each lane (range) 53.125 + 100 ppm GBd
Modulation format PAM4 —
Lane wavelengths (range) 1264.5t0 1277.5 nm

1284.5 to 12975
1304.5t0 1317.5
13245 to 13375

Side-mode suppression ratio (SMSR), (min) 30 dB

Total average launch power (max) 9.5 102 dBm
| Average launch power, each lane (max) 35 42 dBm
| Average launch power, each lane? (min) -372 27 dBm

Outer Optical Modulation Amplitude (OMA ;ter), each 37 4.4 dBm

lane (max)

Outer Optical Modulation Amplitude (OMA o), each

lane (min):

for TDECQ <14 dB —0.2 03 dBm
for 1.4 dB = TDECQ = 3.4 dB -1.6 + TDECQ -1.1 + TDECQ dBm
Difference in launch power between any two lanes 4 4 dB

(OMA yyyper) (max)

| Transmitter and dispersion eye closure for PAM4 34 34 dB
(TDECQ), each lane (max)

| Transmitter eye closure for PAM4 (TECQ), each lane 34 34 dB
(max)

TDECQ — TECQ | (max) 2.5 2.5 dB




Changes to Table 151-8 (clean

Table 151-8—400GBASE-FR4 and 400GBASE-LR4-6 receive characteristics

Description 400GBASE-FR4 400GBASE-LR4-6 Unit
Signaling rate, each lane (range) 53.125+ 100 ppm GBd
Modulation format PAM4 —
Lane wavelengths (range) 1264.5t0 1277.5 nm
1284.5 to 1297.5
1304 5 to 13175
1324 5 to 13375
Damage threshold?® each lane 45 52 dBm
Average recetve power, each lane (max) 35 4.2 dBm
| Average receive power, each lane” (min) 7.2 -9 dBm
Receive power (OMA j;ter), each lane (max) 37 44 dBm
Difference in receive power between any two lanes 4.1 4.3 dB
(OMA gyter) (max)
Receiver reflectance (max) -26 dB
Receiver sensitivity (OMA o), each lane (max)
for TECQ<14dB —.6 —6.8 dBm
for 14dB < TECQ < 3.4 dB —6+ TECQ ~8.2+ TECQ dBm
| Stressed receiver sensitivity (OMA ...), each lane® (max) 2.6 —48 dBm
Conditions of stressed receiver sensitivity test:d
| Stressed eye closure for PAM4 (SECQ), lane under test 34 34 dB
OMA ter of each aggressor lane 1.5 —04 dBm




Changes to Table 151-9 (clean)

Table 151-9—400GBASE-FR4 and 400GBASE-LR4-6 illustrative link power budgets

Parameter 400GBASE-FR4 400GBASE-LR4-6 Unit
| Power budget (for maximum TDECQ): 7.8 10.5
Operating distance 2 6 km
Channel insertion loss 42 5P dB
Maximum discrete reflectance See 1511122 See 151.11.2.2 dB
i Allocation for penalties® (for maximum TDECQ): 38 42 dB
Additional msertion loss allowed 0 1.3 dB

# The channel insertion loss 15 calculated using the maximum distance specified in Table 151-6 for 400GBASE-FR4
and fiber attenuation of 0.5 dB/km plus an allocation for connection and splice loss given in 151.11.2.1.
P The channel insertion loss is calculated using the maximum distance specified in Table 151-6 for 400GBASE-LR4-6
and fiber attenuation of 0.5 dB/km plus an allocation for connection and splice loss given 1n 151112 1.

€ Link penalties are used for link budget calculations. They are not requirements and are not meant to be tested.
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Changes to 151.8.12 (clean)

151.8.12 Receiver sensitivity

The receiver sensitivity (OMA.,) of each lane shall be within the limits given in Table 151-8 for
400GBASE-FR4 and 400GBASE-LR4-6. if measured using a test pattern specified for receiver sensitivity in
Table 151-11.

The conformance test signal applied at TP3 meets the requirements for a 400GBASE-FR4 or 400GBASE-
LR4-6 transmitter followed by an attenuator. An optical demultiplexer may be used to separate the lane hav-
ing the wavelength for the lane under test as specified in Table 1518 for calibrating the TECQ.

The TECQ of the conformance test signal is measured according to 151.8.5. except that the test fiber is not
used. The measured value of TECQ 1s then used to calculate the limit for recetver sensitivity (OMA jyep) a5
specified in Table 151-8 and illustrated in Figure 151-6 .
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Changes to Table 151-16 (clean)

Table 151-16—Channel insertion loss requirements for interoperation between
400GBASE-LR4-6 and 400GBASE-FR4

Direction Alin loss Max loss Unit

400GBASE-LE4-6 transmitter to 400GBASE-FR4 recerver 0.7 45 dB

| 400GBASE-FE4 transmitter to 400GBASE-LE4-6 recerver 0 6.2 dB
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