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100G▪EPONUpdate of harstead_3ca_1_0518

 Changes in the following slides from harstead_3ca_1_0518 
are shown in highlighted text

 To address errors identified by Hanhyub Lee

– Receiver sensitivity adjustment from 5e-5 to 1e-2 BER

– Account for insertion loss of PON diplexer and WBF 

 Also, Daiske Umeda pointed out the error on slide 10G 
EPON OLT transmit ER on slide 10.  It has been corrected, 
but has not effect on the proposed values for 25G EPON.

 In the end, the only change to the proposed specification is 
an adjustment of 0.5 dB to the downstream loss budget 

– 0.5 dB improved ONU receiver sensitivity

– OLT launch power decreased from 2.5 to 2 dBm– which aligns 
exactly with 10G EPON PR30 and XGS-PON N1.
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100G▪EPONDeriving PR20 from PR30

 PR30 loss budget: 29 dB

 PR20 loss budget: 24 dB

 PR20: 5 dBs to give back to OLT and/or ONU

– This will allow for significant cost reduction in the optics

Methodologies to consider

 ITU-T GPON and XGS-PON keep all power budget class 
ONUs the same and only vary the OLT.  To do the same 
with 25G EPON, we would give all those dBs to the OLT.  
But the 25G EPON ONU needs some relief.

 Give all 5 dB to ONUs.  Only one flavor of OLT—good!  
But this does not optimize cost.  There are diminishing 
returns on the ONU side (the ONU does not need 5 dBs).  

✓ Spread the 5 dBs across OLT and ONU to cost-
optimize.
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No change



100G▪EPONDownstream: ONU sensitivity

 Starting point: PR30 receiver sensitivity, average 
power(max)= -25.7 at BER = 1e-2, ER = 8 dB. 

 Proposal: relax ONU sensitivity to be in line with 25G APD-
based Ethernet specifications.  Then the PR20 ONU would 
require no performance improvements with respect to 
existing 25G APD-based receivers.

– 4WDM MSA 40km (formerly “ER4-lite”) 

• Receiver sensitivity (OMA), each lane (max) = -18.5 dBm at 5e-5 
BER

• Adjust for 1:4 demux loss.  Assume 2 dB.  

• Effective receiver sensitivity after demux (OMA) (max) = -20.5 dBm

– 25GBASE-ER 

• Receiver sensitivity (OMA) (max) = –19 dBm at 5e-5 BER

 These must be converted to average power at BER = 1e-2 
and ER = 8 dB.  

 Also, they are two-fiber interfaces, and must be adjusted to 
reflect BOSA insertion loss of PON one-fiber interface.
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100G▪EPON

10
-1

10
-2

10
-3

10
-4

10
-5

10
-6

10
-7

10
-8

10
-9

10
-10

10
-11

10
-12

B
it
 E

rr
o

r 
R

a
te

  
[-

]

-32 -30 -28 -26 -24 -22

Received Optical Power [dBm]

InP APD
k=0.35
R=0.85
Id=60 nA

M=12

M=7

Sensitivity: BER adjustment

 Need to adjust receiver sensitivities from 5e-5 to 1e-2 BER

 For InP-based APDs, sensitivity BER adjustment= 2.5 dB
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2.5 dB adjustment for M=7

5e-5

-26.35-28.83
Simulation by Vincent Houtsma



100G▪EPONAPD sensitivity dependence on OMA

 APD sensitivity is OMA dependent. Adjust for ER = 8 dB.
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Specification ER min (dB) Sensitivity improvement 
for ER=8 dB25G EPON downstream 8

4WDM-40 4.5 0.9 dB 

25GBASE-ER 4 1.1 dB

umeda_3ca_2_0518

0.9 dB 1.1 dB

(after demux) 

𝑃𝑂𝑀𝐴 = -20.5 dBm

(4WDM MSA 40km)

𝑃𝑂𝑀𝐴 = -19.0 dBm

(25GBASE-ER)

No change



100G▪EPONAdjust for PON BOSA insertion loss

 PON transceivers are single fiber interfaces with additional 
insertion losses from the BOSA diplexer and receiver 
wavelength blocking filter.

 These losses can be 0.5 – 1.0 dB.  Let’s say 0.7 dB typical.
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100G▪EPONAdjusted receiver sensitivities
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Parameter
4WDM 

MSA 40km
25GBASE-

ER

Spec: Sensitivity, OMA, max., at 5e-5 BER -18.5 dBm –19.0 dBm

Adjust for 1:4 demux loss.  Assume 2 dB.  -20.5 dBm NA

Convert to avg. power, max, ER = 8 dB -22.1 dBm -20.6 dBm

Adjust for 1e-2 BER -2.5 dB -2.5 dB

Average power, max, 1e-2 BER, ER = 8 dB -24.6 dBm -23.1 dBm

Adjust for APD sensitivity dependence on OMA -0.9 dB -1.1 dB

Adjust for PON BOSA insertion loss +0.7 dB +0.7 dB

Sensitivity, avg. power, max, 1e-2 BER, ER = 8 dB -24.8 dBm -23.5 dBm

➢ Proposal: The 25GBASE-ER specification is the most 
relaxed.  For the ONU, adopt the equivalent 25GBASE-ER 
specification, -23.5 dBm.



100G▪EPONDownstream: OLT launch power

 Starting point: PR30 OLT AVPmin = 4.8 dBm (ER = 8 dB)

 PR20 receiver sensitivity = -23.5 dBm (and TDP = 1.5 dB)

 Therefore PR20 OLT AVPmin = 2 dBm (ER = 8 dB).

 This minimum launch power is aligned exactly 10G EPON 
PR30 and XGS-PON N1, both established as low cost.
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Standard
Loss 

budget
Min Tx 
power

ER

10G EPON PR30 2 dBm 9 dB

XGS-PON N1 2 dBm 8.2 dB

(Differences in ER can be absorbed when this is converted 
into the normative OMA specification)



100G▪EPONDownstream: PR20 proposal

 PR20 ONU receiver sensitivity (average power, 
max) = -23.5 dBm (BER = 1e-2, ER = 8 dB).

– Equivalent to the most relaxed 25G APD-based receiver 
sensitivity specification, 25GBASE-ER

 PR20 OLT AVPmin= 2 dBm (retain ER = 8 dB)

– Aligned with low cost 10G EPON and XGS-PON OLT EML 
modules
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100G▪EPONDownstream: PR20 proposal 
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PR30 OLT 

4.8 dBm

ER=8 dB 

PR30 ONU 

-25.7 dBm 

PR20 ONU

-23.5 dBm 

PR20 OLT 

2 dBm

ER=8 dB 

25GBASE-ER

-23.5 dBm [1]

4WDM MSA 40km

-24.8 dBm [1], [2]

TDP 1.5 dB

TDP 1.5 dB

XGS-PON N1

2 dBm 

ER=8.2 dB

ODN

29 dB

ODN

24 dB

[1] adjusted for 
BER=1e-2 and  
ER=8 dB; PON BOSA 
IL

[2] demux loss of 2 
dB removed

For reference



100G▪EPONUpstream: 25G ONU launch power

 Starting point: PR30 (AVP minus TDP)min = 4.0 dBm. For TDP = 
2 dB, then AVPmin = 6 dBm. 

 The target for PR20 is the use of an uncooled DML in the ONU.

 10G EPON PR30 and XGS-PON modules are already low cost and 
use uncooled DMLs with 4 dBm min. launch power.

 From the vendor questionnaire harstead_3ca_3_0917

The minimum vendor response for the 25G uncooled DML was 4 
dBm

 Proposal: relax ONU launch power to 4 dBm.  
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AVPmin (dBm) number mean σ

EML 7 4.6 0.6

EML+SOA 3 8.7 2.0

cooled DML 6 6.5 0.5

uncooled DML 5 4.7 1.0

No change



100G▪EPONUpstream: 25G ONU ER

 Starting point: PR30 ONU ER = 5 dB. 

 Proposal: relax ER to 3.5 dB to be aligned with the largest 
volume DML specifications
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Specification ER min (dB)

100GBASE–ER4 8

4WDM-40 4.5

100GBASE–LR4 4

25GBASE-ER 4

100G CWDM4 3.5

100G CLR4 3.5

100G PSM4 3.5

25GBASE-LR 3

Largest volumes

No change



100G▪EPONUpstream: OLT sensitivity

 Starting point: PR30 receiver sensitivity, average power(max)= -25 
dBm at BER = 1e-2, ER = 5 dB. 

 PR20 ONU AVPmin = 4 dBm

 Therefore PR20 OLT sensitivity = -22 dBm (at ER = 3.5 dB.)

 This is 3 dB higher than PR30.  But it is not a 3 dB relaxation.

– 1.3 dB is required to absorb the reduction of ER from 5 to 3.5 dB

– 0.5 dB is required to absorb the APD penalty for lower ER (below)
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umeda_3ca_2_0518

0.5 dB

No change



100G▪EPONUpstream: PR20 proposal

 PR20 ONU AVPmin = 4.0 dBm

– Requires 2.0 dB of the 5 dB relaxation.

 PR20 ONU ER = 3.5 dB

– Requires 1.8 dB of the 5 dB relaxation.

 PR20 OLT sensitivity = -22 dBm

– Leaves 1.2 dB of actual relaxation for the OLT receiver.
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No change



100G▪EPONFor comparison: Adjusted receiver sensitivities
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Parameter
4WDM 
MSA 

40km

25GBASE-
ER

Spec: Sensitivity, OMA, max., at 5e-5 BER -18.5 dBm –19.0 dBm

Adjust for 1:4 demux loss.  Assume 2 dB.  -20.5 dBm NA

Convert to avg. power, max, ER = 3.5 dB -19.3 dBm -17.8 dBm

Adjust for 1e-2 BER -2.5 dB -2.5 dB

Average power, max, 1e-2 BER, ER = 3.5 dB -21.8 dBm -20.3 dBm

Adjust for APD sensitivity dependence on OMA +0.4 dB +0.3 dB

Adjust for burst mode penalty (minimum) +0.5 dB +0.5 dB

Adjust for PON BOSA insertion loss +0.7 dB +0.7 dB

Sensitivity, avg. power, max, 1e-2 BER, ER = 3.5 dB -20.2 dBm -18.8 dBm

The proposed -22 dBm PR20 OLT receiver sensitivity is still 1.8 dB stricter 
than the best existing Ethernet specification.



100G▪EPONUpstream: PR20 proposal 
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PR30 ONU 

6 dBm

ER=5 dB 

PR30 OLT 

-25 dBm 

PR20 OLT

-22 dBm 

PR20 ONU 

4 dBm

ER=3.5 dB 

25GBASE-ER

-18.8 dBm [1]

4WDM MSA 40km

-20.2 dBm [1], [2]

TDP 2 dB

TDP 2 dB

10G EPON PR30

4 dBm

ER=6 dB

ODN

29 dB

ODN

24 dB

For reference

[1] adjusted for 
BER=1e-2, ER= 
3.5 dB and burst 
mode penalty; 

PON BOSA IL

[2] demux loss 
of 2 dB removed
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Backup



100G▪EPON4WDM MSA receiver specs
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100G▪EPON25GBASE-ER receiver specs
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100G▪EPON10G EPON ONU Tx
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100G▪EPONXGS-PON ITU-T G.9807.1 ONU Tx
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