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Background

* This presentation contains 802.3cu D1p0 considerations and proposed
relative changes for 100GBASE-FR1/LR1 and 400GBASE-FR4/LR4 PMDs.

* Comments and proposed changes about:

1. Delta between Average launch power (min), Outer Optical Modulation
Amplitude (OMAouter) (min)

2. Allocation for penalties (DGD penalties).
3. Compatibility between 100GBASE-FR1 and 100GBASE-LR1.

4. Average power of OFF transmitters.



. Delta between Average launch power (min), Outer Optical
Modulation Amplitude (OMAouter

Table 140-6—100GBASE-D B - transmit
characteristics
. Fatae ., . -

Description 100GBASE-DR 100GBASE-FR1 100GBASE T R1 Unit
Signaling rate (range) 53.125 = 100 ppm GBd
Modulation format PAMA —
Wavelength (range) 1304.5t0 1317.5 nm
Side-mode suppression ratio (SMSR). 30 dB
(min)
Average launch power (max) 4 4 4.8 dBm
Average launch power® (min) -2.9 =24 -1.1 dBm
Outer Optical Modulation Amplitude 4.2 4.2 5 dBm
(OMA jyter) (max)
Outer Optical Modulation Amplitude 038 0.2 1 dBm
(OMA ) (min)
Launch power i OMA ;. minus
TDECQ (min):
for extinction ratio = 5 dB = dBm

=

I
I
g

for extinetion ratio < 5 dB

Launch power in OMA .. minus

TDECQ (min):

for extinction ratio > 4.5 dB — -1.6 04 dBm
for extinction ratio < 4.5 dB — =15 0.3 dBm
Transmitter and dispersion eye clo- 34 34 34 dB
sure for PAM4 (TDECQ) (max)

TDECQ - 10log0(Ceq)® (max) 34 34 34 dB
Average launch power of OFF trans- —15 =15 -15 dBm
mitter (max)

Extinction ratio (min) 3.5 3.5 3.5 dB
Transmitter transition time (max) 17 17 17 ps
RN OMA-{mesx) —-136 —136 —136 dB/Hz
RIN,, ,OMA (max). where xx.x is

the optical return loss tolerance (max

Optical return loss tolerance (max) 15.5 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
launch power below this value cannot be compliant: however, a value above this does not ensure compliance.

PFor 100GBASE-DR. Eeven if the TDECQ < 1.4 dB for an extinction ratio of = 5 dB or TDECQ < 1.1 dB for an ex-
tinction ratio of < 5 dB. the OMA yr (min) must exceed this value. For 100GBASE-FR1. or 100GBASE-LR1. even

if the TDECQ < 1.4 dB for an extinction ratio of > 4.5 dB or TDECQ < 1.3 dB for an extinction ratio of <4.5 dB. the

OMA, 1o, (nin) must exceed this value.
“Ceq is a coefficient defined in 121.8.5.3, which accounts for the reference equalizer noise enhancement.
Transmitter reflectance is defined looking into the transmitter.

The difference between Average launch power (min)
and Outer Optical Modulation Amplitude
(OMAouter) (min) has been set to 3dB for
400GBASE-FR4 and 400GBASE-LR4 transmitters
(equal to the delta considering infinite ER of the
transmitter).

This is in line with other adopted PAM-4 PMD in
previous standards (e.g. 50G-based PMD (200GBASE-
FR4/LR4, 400GBASE-FR8/LR8).

But this is not applied to 100GBASE-FR1 and
100GBASE-LR1, so in this way we unfairly penalize
existing high ER (> 10dB) TXs.

Note: also 100GBASE-DR too is affected, but is
outside the scope of this project. 100GBASE-FR1
should not be reduced to a level below 100GBASE-
DR.
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Table 151-7—400GBASE-FR4 and 400GBASE-LR4 transmit characteristics

Description 400GBASE-FR4 | 400GBASE-LR4 Unit

Signaling rate, each lane (range) 53.125 = 100 ppm GBd
Modulation format PAMA4 —
Lane wavelengths (range) 12645101 nm

1284510129

1304.5 10 1317.5

1324510 1337.5
Side-mode suppression ratio (SMSR), (min) 30 dB
Total average launch power (max) 9.5 11.6 dBm
Average launch power. each lane (max) 35 5.6 dBm
Average launch power, each lane® (min) -3.3 -2.8 dBm
Outer Optical Modulation Amplitude (OMA ;. ). each lane 3.7 44 dBm
(max)
Outer Optical Modulation Amplitude (OMA ). cach lane -0.3 0.2 dBm
(min)
Difference in launch power between any two lanes 4 4 dB
(OMAyer) (ma)
Launch power in OMA ., minus TDECQ. each lane (min):
for extinetion ratio = 4.5 dB -17 -1.2 dBm
for extinetion ratio < 4.5 dB -1.6 -1.1 dBm
Transmitter and dispersion eye closure for PAM4 (TDECQ). 34 3.5 dB
each lane (max)
TDECQ - IOlog_vm(Ceq}C (max) 34 3.5 dB
TDECQ - SECQ — TBD dB
Average launch power of OFF transmitter. each lane (max) -20 -20 dBm
Extinction ratio, each lane (min) 3.5 3.5 dB
Transmitter transition time (max) 17 ps
RINy7 ;OMA (max) -136 — dB/Hz
RIN;5 sOMA (max) — -136 dB/Hz
Optical return loss tolerance (max) 17.1 15.6 dB
Transmitter reflectance? (max) -26 dB

a

Average launch power. each lane (min) is 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.
Even if the TDECQ < 1.4 dB for an extinction ratio of = 4.5 dB or TDECQ < 1.3 dB for an extinction ratio of
< 4.5 dB. the OMA, ., (min) must exceed this value.

C('Eq is a coefficient defined in 121.8.5.3, which accounts for reference equalizer noise enhancement.

Transmitter reflectance is defined looking into the transmitter.
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2. Allocation for penalties: DGD penalty considerations

e DGD has been included for link >= 6kms in 802.3cu.

e Based on theoretical work reported in anslow 3cu adhoc 051519 the corresponding DGD of 5ps corresponding
to 10kms link will make a penalty of 0.25dB, which was rounded-up to 0.3dB by the adopted baseline.

e Further work (see castro 3cu adhoc 070319) shown that the DGD penalty (max) to be considered is 0.2dB
when DGD is 5ps.

From castro 3cu adhoc 070319 To have the best fit with these simulations we should consider:
3  100GBASE-LR1 (10kms): DGD_max = 5ps, Penalty = 0.2dB
25 Ei};z@’fdt;?“d PAM-4 e 400GBASE-LR4 (6kms): DGD_max = 4ps, Penalty = 0.1dB
> 2
‘_Cu 1.5 .
:cti .| ~0.2dB~0.3dB Currently D1pO0 consider 0.3dB for 100GBASE-LR1 and 0.2dB for
z . 400GBASE-LRA4.
0 Note:
0 2 4 6 8 10 12 14
~0.1dB DGD (ps) * The probability that the worst case MPI and DGD is present at any one time is
very low (P802d3cn_D3p0_public_ comments_final Cl.pdf)
_ Lenght [km] 10 e * No experimental work has been presented (yet) considering the DGD
Tail prob =0.01| DGD_max [ps] 6.23 4.82 |with 5=3.75 (2.6s/year)
Tail prob=0.01] DGD_max [ps] | 548 | 424 |with5=33 (2.5m/year) impairment when chromatic dispersion is present (the expectance is that its
Tt ro =02l bcb el | ot |4t 37> e contribution will be < than above numbers).
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http://grouper.ieee.org/groups/802/3/cu/public/cu_adhoc/cu_archive/anslow_3cu_adhoc_051519.pdf
http://www.ieee802.org/3/cu/public/cu_adhoc/cu_archive/castro_3cu_adhoc_070319.pdf
http://www.ieee802.org/3/cu/public/cu_adhoc/cu_archive/castro_3cu_adhoc_070319.pdf

3. Compatibility between 100GBASE-FR1 and 100GBASE-LR1

DOp2

D1p0

Table 140-7—100GBASE-DR, 100GBASE-FR and 100GBASE-LR receive characteristics

Value

Description 100GBASE-DR 100GBASE-FR 100GBASE-LR Unit
Signaling rate (range) 53.125 £ 100 ppm GBd
Modulation format PAM4 —
Wavelengths (range) 1304.5t0 1317.5 nm
Damage threshold? 5 55 55 dBm
Average receive power (max) 4 4.5 4.5 dBm
Average receive powerb (min) -59 -6.4 7.7 dBm
Recerve power (OMA 1¢;) (max) 42 4.7 4.7 dBm
Receiver reflectance (max) -26 26 26 dB

Description 1006};;2;_])11 100GBASE-FR1 | 100GBASE-LR1 Unit
Signaling rate (range) 53.125 £ 100 ppm GBd
Modulation format PAM4 —
Wavelengths (range) 1304.5t0 1317.5 nm
Damage threshold® 5 5.5 5.8 dBm
Average receive power (max) 4 4.5 4.8 dBm
Average receive powerb (min) -5.9 6.4 74 dBm
Receive power (OMA yer) (max) 42 4.7 5 dBm
Recerver reflectance (max) -26 =26 -26 dB

100GBASE-FR1 and 100GBASE-LR1 damage
threshold and maximum average received power
were kept aligned until draft DOp2, so to ensure
compatibility between these two PMDs.

The option to use a 0.3dB attenuator as per Table
140-16 seems impractical because its too small
value — minimum attenuator losses should be
considered 0.5dB, with an added connection —
some costs has to be considered too.

Since 100GBASE-LR1 maximum TX power has
been increased into Table 140-6, we now need to

align them back again into table 140-7, as well to
update 140.10b and related Table 140-16.



4. Average power of OFF transmitters

Table 140-6—100GBASE-D | c transmit
characteristics
_— Falee ., . .

Description 100GBASE.DR 100GBASE-FR1 100GBASE-IR1 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 4.8 dBm
Average launch power® (min) -2.9 =24 =1.1 dBm
Outer Optical Modulation Amplitude 4.2 4.2 5 dBm
(OMA yyer) (max)
Outer Optical Modulation Amplitude 0.8 0.2 1 dBm
(OMA jytey) (min)
Launch power in OMA ;. minus
TDECQ (min):
for extinction ratio > 5 dB -2.2 — — dBm
for extinction ratio < 5 dB -1.9 — — dBm
Launch power in OMA_ .. minus
TDECQ (min):
for extinction ratio = 4.5 dB o =16 0.4 dBm
for extinction ratio < 4.5 dB — -1.5 -0.3 dBm
Transmitter and dispersion eye clo- 34 3.4 34 dB
sure for PAM4 (TDECQ) (max)
TDECQ - IOIOglo(Cm)C (max) 34 34 34 dB
Average launch power of OFF trans- -15 =15 =15 dBm
mitter (max)
Extinction ratio (min) 3.5 35 3.5 dB
Transmitter transition time (max) 17 17 17 ps
RNy (OMA{max) -136 =136 =136 dB/Hz
RIN,, ;OMA (max). where xx.xis
the optical return loss tolerance (max
Optical return loss tolerance (max) 155 17.1 15.6 dB
Transmitter reflectanced (max) —26 =26 =26 dB

*Average launch power (min) is 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.
®For 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-

tinction ratio o
if the TDEC
OMA | 1or (min) must exceed this value.

< 1.3 dB for an extinction ratio of

Ceq is a coefficient defined in 121.8.5.3, which accounts for the reference equalizer noise enhancement.
Transmitter reflectance is defined looking into the transmitter.

4.5 dB. the

dB. the OMA e (min) must exceed this value. For 100GBASE-FR1. or 100GBASE-LR1. even
< 1.4 dB for an extinction ratio of > 4.5 dB or TDECQ

The average power of OFF transmitter
can be implemented by laser shout
down or by a SiP switch for this
technology.

As already specified for 100GBASE
PMDs, it would be good to relax this

value to -15dBm too in consistency with
802.3bs and 802.3cd.
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Table 151-7—400GBASE-FR4 and 400GBASE-LR4 transmit characteristics

Description 400GBASE-FR4 | 400GBASE-LR4 Unit

Signaling rate. each lane (range) 53.125 = 100 ppm GBd
Modulation format PAM4 —
Lane wavelengths (range) 1264.5 to 1277.5 nm

12845 t0 129

1304.5 to 1317.5

1324510 13375
Side-mode suppression ratio (SMSR), (min) 30 dB
Total average launch power (max) 9.5 11.6 dBm
Average launch power. each lane (max) 35 5.6 dBm
Average launch power. each lane® (min) -3.3 -2.8 dBm
Outer Optical Modulation Amplitude (OMA ... cach lane 3.7 4.4 dBm
(max)
Outer Optical Modulation Amplitude (OMA . ). each lane 0.3 0.2 dBm
l:miu}b
Difference in launch power between any two lanes 4 4 dB
(OMA gyter) (max)
Launch power in OMA .. minus TDECQ, each lane (min):
for extinetion ratio = 4.5 dB -1.7 -1.2 dBm
for extinction ratio < 4.5 dB -1.6 -1.1 dBm
Transmitter and dispersion eye closure for PAM4 (TDECQ). 34 3.5 dB
each lane (max)
TDECQ - 10log o Ceg)® (max) 3.4 35 dB
TDECQ - SECQ — TBD dB
Average launch power of OFF transmitter, each lane (max) —20 -20 dBm
Extinction ratio, each lane (min) 3.5 35 dB
Transmitter transition time (max) 17 ps
RIN;7 jOMA (max) -136 — dB/Hz
RIN;5 gOMA (max) — -136 dB/Hz
Optical return loss tolerance (max) 17.1 15.6 dB
Transmitter reflectance® (max) -26 dB

2 Average launch power, each lane (min) is 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.
Even if the TDECQ < 1.4 dB for an exfinction ratio of 2 4.5 dB or TDECQ < 1.3 dB for an extinction ratio of

< 4.5 dB. the OMA, ... (min) must exceed this value.
C(‘eqis a coefficient defined in 121.8.5.3

.3, which accounts for reference equalizer noise enhancement.
Transmitter reflectance is defined looking into the transmitter.




Proposed changes to D1p0 draft

* All the changes from previous 4 points are summarized into proposed
changes to table 140-6, 140-7, 140-8 and 140-16 for 100GBASE-FR1/LR1.

* All the changes from previous 4 points are summarized into proposed
changes to table 151-7, 151-8, 151-9 for 400GBASE-FR4/LR4.

* Details are given in next slides.



characteristics

- transmit

802.3cu: transmit characteristics proposed changes.

Table 140-6—100GBASE-D

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

. Fatee . . -
Description L00GBASE-DR 100GBASE-FR1 100GBASE-LR1 Unit
Signaling rate (range) 53.125 = 100 ppm GBd
Modulation format PAM4 —
Wavelength (range) 1304.5to 1317.5 nm
Side-mode suppression ratio (SMSR). 30 dB
(min)
Average launch power (max) 4 4 48 4.7 dBm
Average launch power® (min) -2.9 24 -2.9 -1.1 -2.1| dBm
Outer Optical Modulation Amplitude 42 4.2 5 49 dBm
(OMA gytep) (max)
Quter Optical Modulation Amplitude 0.8 0.2 1 0.9 dBm
b .
(OMA gytep) (min)
Launch power in OMA ;. minus
TDECQ (min):
for extinction ratio = 5 dB -22 — — dBm
for extinction ratio < 5 dB -1.9 — — dBm
Launch power in OMA ... minus
TDECQ (min): -0.5
for extinction ratio > 4.5 dB — -1.6 0.4 dBm
for extinction ratio < 4.5 dB — -1.5 -0.3 -0.4 dBm
Transmitter and dispersion eye clo- 34 34 3.4 dB
sure for PAM4 (TDECQ) (max)
TDECQ — IOIOglo(C'Pq)C (max) 34 34 34 dB
Average launch power of OFF trans- 15 =15 —15 dBm
mitter (max)
Extinction ratio (min) 3.5 35 3.5 dB
Transmitter transition time (max) 17 17 17 ps
REN,. (OMA (mex ~136 ~136 136 dB/Hz
Nyx xOMA (max). where xx.x is
the optical return loss tolerance (max)
Optical return loss tolerance (max) 155 17.1 15.6 dB
Transmitter reflectance? (max) -26 =26 =26 dB

Description 400GBASE-FR4 | 400GBASE-LR4 Unit

Signaling rate. each lane (range) 53.125 = 100 ppm GBd
Modulation format PAM4 —
Lane wavelengths (range) 1264.5t0 1277.5 om

1284.5t0 129

13045 t0 1317.5

132451013375
Side-mode suppression ratio (SMSR). (min) 30 dB
Total average launch power (max) 9.5 11.6 11.5 dBm
Average launch power, each lane (max) 3.5 56 5. 5| dBm
Average launch power, each lane® (min) -3.3 28 -2.9| dBm
Outer Optical Modulation Amplitude (OMA ;). each lane 3.7 44 4 3 dBm
(max) :
Outer Optical Modulation Amplitude (OMA ). each lane 0.3 02 0,1 | dBm
{(min)
Difference in launch power between any two lanes 4 4 dB
(OMA yper) (max)
Launch power in OMA 1., minus TDECQ, each lane (min): -1.3
for extinction ratio = 4.5 dB -1.7 -1.2 dBm
for extinction ratio < 4.5 dB -1.6 -11-1.2| dBm
Transmitter and dispersion eye closure for PAM4 (TDECQ), 34 35 dB
each lane (max)
TDECQ - lOlogm(Ceq)C (max) 34 35 dB
TDECQ — SECQ — TBD dB
Average launch power of OFF transmitter. each lane (max) =20 -15 -20 15 dBm
Extinction ratio, each lane (min) 35 35 dB
Transmitter transition time (max) 17 Ps
RIN;7 {OMA (max) -136 — dB/Hz
RIN;5 §OMA (max) — -136 dB/Hz
Optical return loss tolerance (max) 17.1 15.6 dB
Transmitter reflectance? (max) -26 dB
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802.3cu: 100GBASE-LR4 proposed changes.

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

Table 140-7—100GBASE-DR - - receive characteristics
Descripti Indue 00GBASE.FR 00GBASEIR Uni Description 400GBASE-FR4 | 400GBASE-LR4 Unit
escription 100GBASE-DR 1 ASE-FR1 1 ASE-TR1 nit - -
Signaling rate. each lane (range) 53.125 = 100 ppm GBd
Signaling rate (range) 53.125 = 100 ppm GBd A
Modulation format PAM4 —
Modulation format PAM4 —
Lane wavelengths (range) 1264.5 t0 1277.5 nm
Wavelengths (range) 1304.5t0 1317.5 nm 1284.5 to 12975
Damage threshold® 5 35 5.7 58 5.7 dBm }:gi; :2 }:é,;
Average receive power (max 4 45 4.7 4.8 . dBm
e =k (max) — 18 4.7 : Damage threshold?, each lane 4.5 66 6.5 dBm
Average receive pou‘erb () 5.9 -6.4 -6.9 =74 -8.4| dBm . _
Average receive power, each lane (max) 35 56 5.5 dBm
Receive power (OMA ) (max) 4.2 47 4.9 5 49 dBm - -
o Average receive power. each lane® (min) —7.3 9.1 dBm
Receiver reflectance (max) -26 -26 -26 dB
Receive power (OMA jep). €ach lane (max) 3.7 44 dBm
. e c .
Receiver sensitivity (OMA gyer) - (max) Equation (140-1) 1ation (140-2 1 40-3 dBm
_ , . Difference in receive power between any two lanes 4.1 43 dB
Stressed receiver sensitivity -1.9 2.5 -4.1 dBm (OMA, ) (max)
(OBL'-\Omer]d (max) outer
o ] 4
Conditions of stressed receiver sensitivity test:® Receiver reflectance (max) 26 dB
Stressed eye closure for PAM4 34 3.4 34 dB Receiver sensitivity (OMA .. each lane® (max) Equation (151-1) | Equation (151-2) dBm
(SECQ) Stressed receiver sensitivity (OMA,.,). each lane? (max) 2.6 —4.7 dBm
. f N )
SECQ - 10log3(Cep)” (max 4 e 34 dB .. . o
Q 210(Cog) (max) J -~ — Conditions of stressed receiver sensitivity test:®
*The receiver shall be able to tolerate. without damage. continuous exposure to an optical input signal having this N
average power level. The receiver does not have to operate correctly at this input power. Stressed eye closure for PAM4 (SECQ). lane under test 34 3.5 dB
Average receive power (min) is informative and not the principal indicator of signal strength. A received power be- N i ] <
low this value cannot be compliant;: however. a value above this does not ensure compliance. SECQ - 10log;¢(C eq) - lane under test (max) 3.4 3.3 dB
c?zcgg'er sensitivity (OMA e,) (max) is informative and is defined for a transmitter with a value of SECQ up to OMA,., of cach aggressor lane 15 04 -0.5 dBm

dMeasured with conformance test signal at TP3 (see 140.8) for the BER specified in 140.1.1.
;Thesc test conditions are for measuring stressed receiver sensitivity. They are not characteristics of the receiver.
Ceq is a coefficient defined in 121.8.5.3, which accounts for the reference equalizer noise enhancement.
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802.3cu: proposed changes in power budgets.

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

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

Parameter 400GBASE-FR4 400GBASE-LR4 Unit
Power budget (for maximum TDECQ):
for extinction ratio = 4.5 dB 7.7 10.5 10.4 dB
for extinction ratio < 4.5 dB 7.8 10.6 10.5 dB
Operating distance 2 6 km
Channel insertion loss 43 sb dB
Maximum discrete reflectance See 151.11.2.2 See 151.11.2.2 dB
Allocation for penalties® (for maximum TDECQ): a1
for extinction ratio = 4.5 dB 3.7 42 * dB
for extinction ratio < 4.5 dB 38 43 4.2 dB
Additional insertion loss allowed 0 1.3 dB

budgets
. . XMalue _ AQE -

Parameter 100GBASE-DR 100GBASE-FR1 100GBASE-LR1 Unit
Power budget (for max TDECQ):
for extinction ratio = 5 dB 6.5 — — dB
for extinction ratio < 5 dB 6.8 — — dB
Power budget (for max TDECQ):
for extinction ratio = 4.5 dB — 1.7 10.5 10.4 dB
for extinction ratio < 4.5 dB — 7.8 10.6 10.5 dB
Operating distance 500 2000 10 000 m
Channel insertion lossan See 140.10 4 6.3 dB
Maximum discrete reflectance -35 See 140.10.3 See 140.10.3 dB
Allocation for penalties’ (for max
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

Allocation for penalties® (for max
TDECQ):
for extinction ratio = 4.5 dB — 3.7 42 4.1 dB
for extinction ratio < 4.5 dB — 3.8 43 4.2 dB
Additional insertion loss allowed 0 0 0 dB

and fiber attenuation of 0.5 dB/km plus an allocation for connection and splice loss given in 151.11.2.1.

and fiber attenuation of 0.5 dB/km plus an allocation for connection and splice loss given in 151.11.2.1.
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¢ Link penalties are used for link budget calculations. They are not requirements and are not meant to be tested.
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3 The channel insertion loss is calculated nsing the maximum distance specified in Table 1516 for 400GBASE-FR4

D The channel insertion loss is calculated using the maximum distance specified in Table 151-6 for 400GBASE-LR4




Proposed editorial changes into 802.3cu D1p0

140.10b Requirements for interoperation between 100GBASE-LR1 and

100GBASE-FR1

The 100GBASE-LR1 and 100GBASE-FR1 PMDs can interoperate with each other provided that the fiber
optic cabling (channel) characteristics for I00GBASE-FR1 are met, with the exception of the maximum and
minimum channel insertion loss values, which are given in Table 140-16 for the two link directions sepa-

rately. Attentatorsmay-betused-toachreve-therequredtosses.

Table 140-16—Channel insertion loss requirements for interoperation between

100GBASE-LR1 and 100GBASE-FR1

Direction Min loss | Max loss | Unit
100GBASE-LRI1 transmitter to l00GBASE-FR1 receiver 030 4 dB
100GBASE-FRI1 transmitter to I00GBASE-LRI1 receiver 0 4 dB
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THANK YOU
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