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Transmitter characteristics (each lane) at TP2: 
follow 100GBASE-SR4, Clause 95, Table 95-6 (D3.2 illustrated below) 

9 



Receiver characteristics (each lane) at TP3: follow 100GBASE-
SR4, Clause 95, Table 95-7 (D3.2 illustrated below) 

10 



Illustrative link power budget: 
follow 100GBASE-SR4, Clause 95, Table 8 (D3.2 illustrated below) 
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Medium Dependent Interface (MDI) for 400GBASE-SR16  
and lane assignments 

Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx                                              

Tx  Tx Tx  Tx Tx Tx  Tx Tx  Tx Tx  Tx Tx Tx  Tx Tx  Tx 

 

– The following 4 slides show draft text and figures which describe the MDI and 
lane assignments, using clause 86 and 95 content as basis, with modifications 
for 400GBASE-SR16 and MPO-16 

• Similar to the MDI defined for 100GBASE-SR10 (Clause 86.10.3.3, 
Recommended Option A), but using MPO-16, a 16-wide version of the 
100G-SR10 MDI. 

• Transmitters occupy the top row and receivers occupy the bottom row for 
better heat dissipation 

400GBASE-SR16 optical lane assignments for the MDI receptacle when 
viewed looking into the receptacle with keyway feature on top.  
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MDI (1 of 4) 
xx.m.n Medium Dependent Interface (MDI) 
 
The 400GBASE-SR16 PMD is coupled to the fiber optic cabling at the MDI.  The MDI 
is the interface between the PMD and the “fiber optic cabling” (as shown in Figure 
xx-a).  The 400GBASE-SR16 PMD is coupled to the fiber optic cabling through one 
connector plug into the MDI optical receptacle as shown in Figure xx-b.  Example 
constructions of the MDI include the following: 
 
a) PMD with a connectorized fiber pigtail plugged into an adapter; 
b) PMD with receptacle. 
 

PMD 
16 16 16 

Patch  
cord 

Patch  
cord Link 

MDI MDI 
Fiber optic cabling (channel) 

PMD Connection Connection 

Figure xx-a – Fiber optic cabling model 

Editor’s note: Figure xx-a may be placed in a preceding subclause 
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MDI (2 of 4) 

xx.m.n.1 Optical lane assignments 
 
The sixteen transmit and sixteen receive optical lanes of 400GBASE-SR16 shall 
occupy the positions depicted in Figure xx-b viewed looking into the MDI 
receptacle with the connector keyway feature on top.  The interface contains 32 
active lanes within 32 total positions.  The transmit optical lanes occupy the top 
row.  The receive optical lanes occupy the bottom row.  See clause xx.m.n.2 for 
MDI optical connector requirements. 

Figure xx-b -- 400GBASE-SR16 optical lane assignments  
viewed looking into the MDI receptacle with keyway feature on top. 

Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx                                              

Tx  Tx Tx  Tx Tx Tx  Tx Tx  Tx Tx  Tx Tx Tx  Tx Tx  Tx 
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MDI (3 of 4) 
xx.m.n.2 Medium Dependent Interface (MDI) requirements 
 
The MDI adapter or receptacle shall meet the dimensional specifications of 
ANSI/TIA-604-18 adapter designation FOCIS 18A-k-0.   The plug terminating the 
optical fiber cabling shall meet the dimensional specifications of ANSI/TIA-604-18 
female plug connector flat interface designation FOCIS 18P-2x16-1-0-2-2.  The 
MDI shall optically mate with the plug on the optical fiber cabling. Figure xx-c 
shows an MPO-16 female plug connector with flat interface, and an MDI.   
 
The MDI connection shall meet the interface performance specifications of IEC 
61753-1 and IEC 61753-022-2.  
 
NOTE— Transmitter compliance testing is performed at TP2 as defined in xx.k.j, 
not at the MDI. 

Editor’s note: ANSI/TIA-604-18 presently entering third ballot.   
IEC has not yet initiated ballot on the equivalent connector. 
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MDI (4 of 4) 

Figure xx-c – MPO-16 female plug connector flat interface and MDI 

KEY 

MPO-16 female plug connector flat interface MDI 

Editor’s note: Figure is in public domain so may be used “as is”. It is also 
acceptable redrawn in a form like Figure 86-8 with keying adjustment. 



Further work 

• The PMD target BER is likely to deviate from 5x10-5, 
so some fine tuning of parameters may be required. 
– The project’s choice of FEC will determine the pre-FEC BER 

target, and may also affect the exact signaling rate. 

• Confirm skew budget 
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400G-PSM4 
• Proposal:  A 4x100 Gb/s parallel SMF 

interconnect to satisfy the 500m objective. 
 

• Lane Speed: 100 Gb/s per lane using 50 
GBaud-PAM4 optical signaling 
 

• Single wavelength solution 
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Updates Since Last Meeting 

• Went to a “flat” specification 
– Single value OMA and Sensitivity across 13nm optical window 
– “Contoured” specification moved to Appendix 

 
• Reduced TDP max from 3.5 dB to 2.5 dB 

– OMA max reduced to 4.2dB (consistent with TDP max 
reduction) 

 
• BER revised from 2.3e-4 to 2.0e-4 

 
• Relabeled illustrative link budget slide 

 
• Revisions from welch_3bs_01_0715 in Purple. 
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Motivations for Changes 
• Several requests for “Flat” specification: 

– Makes spec easier to understand 
– Simplifies testing 
– Still provides ample wavelength tolerance for 

uncooled operation 
• Same width as a “CWDM laser” 

 

• TDP value had been a holdover from 100G 
specification 
– Requests received to reduce for 400G 
– Relaxes receiver design (eye shape and max power) 
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400G-PSM4 : Link Parameters 
400G-PSM4 

Reach, min (m) 500 

Signaling rate, each lane (Range) 53.125 ± 100 ppm GBd 

Encoding type PAM4 

Wavelength(s) 1304.5 to 1317.5 nm 

Operating BER₣  2.0e-4 

Channel insertion loss, max (dB)† 3.0 

Allocation for penalties, at max TDP (dB)‡ 3.0 

Power margin, at min TDP (dB)₮ 9.25 

Maximum discrete reflectance (dB) -35 

IEEE 802.3bs Interim Meetings July 2015 7 

₣ The exact operating BER will be determined by the final FEC and PMA definition 
† From http://www.ieee802.org/3/bs/public/14_05/kolesar_3bs_01_0514.pdf 
‡ Sum of Max TDP (2.5 dB) and MPI penalty (0.5 dB) 
₮ Power Margin, at min TDP = Modulation Penalty + Channel Loss + MPI + TDP Min + Unallocated Margin 
 All Parameters Subject to Change in Task Force Review 









400G-PSM4 Link Budget (at TDP = 0.8 dB) 
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† Received sensitivity reported in ‘NRZ mode’ and uncorrected BER, equivalent to sensitivity for any sub-eye low/mid/upp 
All Parameters Subject to Change in Task Force Review 
 

0 TX OMA - 
Outer 

-4.8 TX OMA - 
low/mid/upp 

-7.8 Channel Loss 
-8.3 MPI 

-9.25 Receiver 
Sensitivity 

(OMA) 

PAM4 Penalty ~ 4.8 dB 

Channel Loss ~ 3.0 dB 

MPI ~ 0.5 dB 

TDP + Unallocated Margin ~ 1.0 dB 



400G-PSM4 
• Proposal:  A 4x100 Gb/s parallel SMF 

interconnect to satisfy the 500m objective. 
 

• Lane Speed: 100 Gb/s per lane using 50 
GBaud-PAM4 optical signaling 
 

• Single wavelength solution 
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Appendix 

PSM4 with “contoured” TX/RX 
specifications 
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400G-PSM4: Transmitter Specifications (TP2) 

400G-PSM4 

Signaling rate, each lane (Range)  53.125 ± 100 ppm GBd 

Encoding type PAM4 

Wavelength(s) 1297 to 1323 nm 

OMAouter, each lane, max (dBm) MAX(3.8+(λ-1310)2/70,4.3) 

OMAouter, each lane, min (dBm) MAX(-1.3+(λ-1310)2/70,-0.8)+MAX(TDP,0.8) 

OMAlow/mid/upp, each lane, min (dBm) MAX(-6.07+(λ-1310)2/70,-5.57)+MAX(TDP,0.8) 

ERouter, each lane, min (dB) 5.0 

Average launch power, each lane max (dBm) 4.0 

Average launch power, each lane min (dBm) MAX(-3.4+(λ-1310)2/70,-2.9)+0.8 

TDP, each lane, max (dB) 2.5 

Transmitter RINave, max (dB/Hz) -142 

Transmitter reflectance, max (dB) -20 

Transmitter Eye Mask TBD 

IEEE 802.3bs Interim Meetings July 2015 14 

 
 All Parameters Subject to Change in Task Force Review 



400G-PSM4: Receiver Specifications (TP3) 
400G-PSM4 

Signaling rate, each lane (Range)  53.125 ± 100 ppm GBd 

Encoding type PAM4 

Wavelength(s) 1297 to 1323 nm 

Receiver sensitivity (OMA), each lane max (dBm)† MAX(-9.75+(λ-1310)2/70,-9.25) 

Average receive power, each lane max (dBm) 4.0 

Average receive power, each lane min (dBm) -5.1 

Damage threshold (dBm) 6.5 

Receiver reflectance, max (dB) -26 

Stressed receiver sensitivity (OMA), each lane max (dBm) TBD 

Conditions of stressed receiver sensitivity test: 

Vertical eye closure  penalty, each lane (dB) TBD 

Stressed eye J2 Jitter, each lane (UI) TBD 

Stressed eye J4 Jitter, each lane (UI) TBD 

Stressed eye mask definition TBD 

† Received sensitivity reported in ‘NRZ mode’ and uncorrected BER, equivalent to sensitivity for any sub-eye low/mid/upp 
All Parameters Subject to Change in Task Force Review 
 IEEE 802.3bs Interim Meetings July 2015 15 
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Wavelength 

400G-PSM4 Specifications 

TX OMAouter, each lane, min 

TX OMAlow/mid/upp, each lane, min 

RX Sensitivity (OMA), each lane, max† 
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4.8 dB 

† Received sensitivity reported in ‘NRZ mode’ and uncorrected BER, equivalent to sensitivity for any sub-eye low/mid/upp 
All Parameters Subject to Change in Task Force Review 
 



400G-PSM4 Link Budget (at TDP = 0.8 dB) 

IEEE 802.3bs Interim Meetings July 2015 17 

-10

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

1

2

1295 1300 1305 1310 1315 1320 1325

dB
m

 

Wavelength 

PAM4 Penalty ~ 4.8 dB 

MPI = 0.5 dB 

Channel Insertion Loss= 3 dB 

TDP+ Unallocated Margin = 1 dB 

TX OMAouter 

RX Sensitivity (OMA) 

† Received sensitivity reported in ‘NRZ mode’ and uncorrected BER, equivalent to sensitivity for any sub-eye low/mid/upp 
All Parameters Subject to Change in Task Force Review 
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Introduction  

■ 8x50G PAM4 WDM 10km specs in cole_3bs_01a_0515 
were adopted for the 10km reach SMF PDM objective 
http://www.ieee802.org/3/bs/public/15_05/motions_3bs_01_0515.pdf#page=10 

■ Adopting 8x50G PAM4 WDM 2km PMD based on existing 
technology will provide a cost effective solution for majority 
of core routing applications and result in a solid standard 

■ 400Gb/s Ethernet early 
adopters want standards 
based, interoperable 2km 
& 10km interfaces, 
supporting predictable 
development and build-out 
of 400Gb/s networks 

* http://www.ieee802.org/3/400GSG/public/13_11/song_x_400_01a_1113.pdf#page=6  

China Unicom data 

Core Router to Transport Applications*  

http://www.ieee802.org/3/bs/public/15_05/motions_3bs_01_0515.pdf#page=10
http://www.ieee802.org/3/400GSG/public/13_11/song_x_400_01a_1113.pdf#page=6
http://www.ieee802.org/3/400GSG/public/13_11/song_x_400_01a_1113.pdf#page=6
http://www.ieee802.org/3/400GSG/public/13_11/song_x_400_01a_1113.pdf#page=6
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Transmit Characteristics 

Description (Outer Eye) 
Proposed 

400GBASE-FR8 

Adopted 

400GBASE-LR8 
Unit 

Reach 2 10 km 

Signaling Rate, each lane 26.6 26.6 GBd 

Operating BER* 2.0E-04 2.0E-04 

Total average launch power (max) 13.2 13.2 dBm 

OMA, each lane (max)  5.5 5.7 dBm 

OMA, each lane (min) 0.0 0.5 dBm 

Launch Power in OMA – TDP, 

each lane (min) 
-1.0 -0.5 dBm 

Transmitter and dispersion 

 penalty, (TDP) each lane (max) 
2.0 2.2 dB 

Extinction ratio (ER) (min) 4.5 4.5 dB 

RIN OMA (max) TBD TBD dB/Hz 

Optical return loss tolerance (max) TBD TBD dB 

* The exact operating BER will be determined by the final FEC and PMA definition 



13 – 15 July 2015 7 IEEE 802.3bs Task Force 

Receive Characteristics  

Description (Inner Eye) 
Proposed 

400GBASE-FR8 

Adopted 

400GBASE-LR8 
Unit 

Signaling Rate, each lane 26.6 26.6 GBd 

Operating BER* 2.0E-04 2.0E-04 

Receiver reflectance (max) TBD TBD dB 

Receiver Sensitivity (OMA), 

each lane (max) 
-10.0 -11.8 dBm 

Receiver 3 dB electrical upper 

cutoff frequency, each lane (max) 
21.0 21.0 GHz 

Stressed receiver sensitivity 

(OMA), each lane (max) 
TBD TBD dBm 

Conditions of stressed receiver 

sensitivity test 
TBD TBD 

* The exact operating BER will be determined by the final FEC and PMA definition 
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Illustrative Link Power Budgets  

Parameter 
Proposed 

400GBASE-FR8 

Adopted 

400GBASE-LR8 
Unit 

Reach 2 10 km 

Power Budget  

(for maximum TDP) 
11.0 13.5 dB 

Operating Distance 2.0 10.0 km 

Channel Insertion Loss 4.0 6.3 dB 

Maximum Discrete Reflectance TBD TBD dB 

Allocation for Penalties* 

(for maximum TDP) 
2.0 2.2 dB 

Allocation for Modulation Penalties 5.0 5.0 dB 

* Includes MPI penalty. As with all other parameters, it is subject to change in Task 
Force review.  



13 – 15 July 2015 9 IEEE 802.3bs Task Force 

WDM Lane Assignments 

Lane 
Center Frequency 

THz 

Center Wavelength 

nm 

Wavelength Range 

nm 

L0 235.4 1273.55 1272.55 to 1274.54 

L1 234.6 1277.89 1276.89 to 1278.89 

L2 233.8 1282.26 1281.25 to 1283.28 

L3 233.0 1286.66 1285.65 to 1287.69 

L4 231.4 1295.56 1294.53 to 1296.59 

L5 230.6 1300.05 1299.02 to 1301.09 

L6 229.8 1304.58 1303.54 to 1305.63 

L7 229.0 1309.14 1308.09 to 1310.19 
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Optical Margin 

Description (Inner Eye) 
Proposed 

400GBASE-FR8 

Adopted 

400GBASE-LR8 
Unit 

Receiver Sensitivity (OMA), 

each lane, pre-DeMux (max) 
-10.0 -11.8 dBm 

DeMux Loss 3.0 3.0 dB 

Cross-talk penalty 0.3 0.3 dB 

Receiver Sensitivity (OMA), 

each lane, post-DeMux (max) 
-13.3 -15.1 dBm 

Receiver Sensitivity (OMA) 

single lane (typical measured) 
-17 -17 dBm 

Optical Margin 3.7 1.9 dB 
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Recommendations 

■ Adopt 8x50G PAM4 WDM 2km duplex SMF baseline 
specifications in this presentation for the P802.3bs 2km 
SMF PMD objective to enable cost effective solution for 
majority of applications that do not need 10km link budget 

■ Develop 2km and 10km SMF PMD specifications to 
interoperate at 2km reach to enable common deployment, 
and economies of scale through shared component 
volume 

■ Leverage strong synergy between 2km and 10km PMDs 
for common specification methodology and common 
compliance testing approach  

■ All baseline specification parameters will undergo further 
analysis and are subject to change by the Task Force 
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400Gb/s 8x50G PAM4 WDM 2km SMF Specs 

Thank you 
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■ Pavel Zivny, Tektronix 
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■ John Abbott, Corning 

■ Dan Dove, DNS 

■ Mark Gustlin, Xilinx 
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■ Robert Lingle, Jr., OFS 
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■ Vasudevan Parthasarathy, 
Broadcom 

■ Rick Pimpinella, Panduit 
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Select Preceding References 

■ Sept. 2014:  8x50G WDM Technology background 

http://www.ieee802.org/3/bs/public/14_09/stassar_3bs_01b_0914.pdf 

■ Nov. 2014:  Nominal Specifications 

http://www.ieee802.org/3/bs/public/14_11/cole_3bs_02a_1114.pdf 

■ Jan. 2015:  Updated Nominal Specifications  

http://www.ieee802.org/3/bs/public/15_01/cole_3bs_02_0115.pdf 

■ BTI 

http://www.ieee802.org/3/bs/public/15_01/big_ticket_items_3bs_01_011
5.pdf#page=13 

http://www.ieee802.org/3/bs/public/15_01/big_ticket_items_3bs_01_011
5.pdf#page=19 
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http://www.ieee802.org/3/bs/public/15_01/cole_3bs_02_0115.pdf
http://www.ieee802.org/3/bs/public/15_01/cole_3bs_02_0115.pdf
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Discussion 

■ During the March 2015 P802.3bs TF meeting 50G PAM-4 
RX Sens. (inner eye OMA) data was presented 

● Finisar RX Sens. = ~-13.5dBm (BER = 2e-4) 

http://www.ieee802.org/3/bs/public/15_03/cole_3bs_02_0315.pdf#page=24 

● Huawei RX Sens. = ~-18dBm (BER = 2e-4) 

http://www.ieee802.org/3/bs/public/15_03/stassar_3bs_01a_0315.pdf#page=5 

■ Since the meeting, below deltas were identified: 

 

 

 

 
 

■ With 0.8A/W PD responsivity, Finisar has since measured 
RX Sens. = ~-17dBm (BER = 2e-4) 

 

Parameter Finisar Huawei 

Noise Current 16.5pA/√HZ 15pA/√HZ 

PD responsivity 0.5A/W 0.85A/W 

Pattern SSPR PRBS15 

GBaud 28 25.8 

http://www.ieee802.org/3/bs/public/15_03/cole_3bs_02_0315.pdf#page=24
http://www.ieee802.org/3/bs/public/15_03/cole_3bs_02_0315.pdf#page=24
http://www.ieee802.org/3/bs/public/15_03/cole_3bs_02_0315.pdf#page=24
http://www.ieee802.org/3/bs/public/15_03/stassar_3bs_01a_0315.pdf#page=5
http://www.ieee802.org/3/bs/public/15_03/stassar_3bs_01a_0315.pdf#page=5
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Discussion, cont. 

■ -17 to -18dBm OMA RX Sens. enables 2km and 10km 
8x50G PAM-4 PMDs using PIN PD RX 

■ Optical margin for 2km PMD results in sufficiently high 
manufacturing yield 

■ Optical margin for 10km PMD results in lower 
manufacturing yield 

■ Manufacturing a combination of 2km and 10km PMDs 
results in sufficiently high yield  

■ 25G linear APD technology when commercialized will have 
acceptable stand-alone 10km PMD manufacturing yield, 
although at a higher cost than PIN PD 
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Transmit Characteristics 

Description (Outer Eye) 400GBASE-FR8 400GBASE-LR8 Unit 

Reach 2 10 km 

Signaling Rate, each lane 26.6 26.6 GBd 

Operating BER* 2.0E-04 2.0E-04 

Total average launch power (max) 13.2 13.2 dBm 

OMA, each lane (max)  5.5 5.7 dBm 

OMA, each lane (min) 0.0 0.5 dBm 

Launch Power in OMA – TDP, 

each lane (min) 
-1.0 -0.5 dBm 

Transmitter and dispersion 

 penalty, (TDP) each lane (max) 
2.0 2.2 dB 

Extinction ratio (ER) (min) 4.5 4.5 dB 

RIN OMA (max) TBD TBD dB/Hz 

Optical return loss tolerance (max) TBD TBD dB 

* The exact operating BER will be determined by the final FEC and PMA definition 
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Receive Characteristics  

Description (Inner Eye) 400GBASE-FR8 400GBASE-LR8 Unit 

Signaling Rate, each lane 26.6 26.6 GBd 

Operating BER* 2.0E-04 2.0E-04 

Receiver reflectance (max) TBD TBD dB 

Receiver Sensitivity (OMA), 

each lane (max) 
-10.0 -11.8 dBm 

Receiver 3 dB electrical upper 

cutoff frequency, each lane (max) 
21.0 21.0 GHz 

Stressed receiver sensitivity 

(OMA), each lane (max) 
TBD TBD dBm 

Conditions of stressed receiver 

sensitivity test 
TBD TBD 

* The exact operating BER will be determined by the final FEC and PMA definition 
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Illustrative Link Power Budgets  

Parameter 400GBASE-FR8 400GBASE-LR8 Unit 

Reach 2 10 km 

Power Budget  

(for maximum TDP) 
11.0 13.5 dB 

Operating Distance 2.0 10.0 km 

Channel Insertion Loss 4.0 6.3 dB 

Maximum Discrete Reflectance TBD TBD dB 

Allocation for Penalties* 

(for maximum TDP) 
2.0 2.2 dB 

Allocation for Modulation Penalties 5.0 5.0 dB 

* Includes MPI penalty. As with all other parameters, it is subject to change in Task 
Force review.  
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WDM Lane Assignments 

Lane 
Center Frequency 

THz 

Center Wavelength 

nm 

Wavelength Range 

nm 

L0 235.4 1273.55 1272.55 to 1274.54 

L1 234.6 1277.89 1276.89 to 1278.89 

L2 233.8 1282.26 1281.25 to 1283.28 

L3 233.0 1286.66 1285.65 to 1287.69 

L4 231.4 1295.56 1294.53 to 1296.59 

L5 230.6 1300.05 1299.02 to 1301.09 

L6 229.8 1304.58 1303.54 to 1305.63 

L7 229.0 1309.14 1308.09 to 1310.19 
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Optical Margin 

Description (Inner Eye) 400GBASE-FR8 400GBASE-LR8 Unit 

Receiver Sensitivity (OMA), 

each lane, pre-DeMux (max) 
-10.0 -11.8 dBm 

DeMux Loss 3.0 3.0 dB 

Cross-talk penalty 0.3 0.3 dB 

Receiver Sensitivity (OMA), 

each lane, post-DeMux (max) 
-13.3 -15.1 dBm 

Receiver Sensitivity (OMA) 

single lane (typical measured) 
-17 -17 dBm 

Optical Margin 3.7 1.9 dB 
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Recommendations 

■ Adopt 8x50G PAM-4 WDM duplex SMF architecture for 
P802.3bs 2km and 10km SMF PMD objectives as per 
baseline specifications in this presentation 

■ Develop the 2km and 10km specifications so that 10km is a 
higher performance variant of the 2km specification and can 
be built from upper end of the performance distribution of 
2km PMD optical components 

■ Develop the 10km specification to be compatible with linear 
APD receivers 

■ All baseline specification parameters will undergo further 
analysis and are subject to change by the Task Force 
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2km & 10km PAM-4 PMD Baseline Specs  

Thank you 
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