
November 13 to 16, 2023 IEEE 802.3dj Task Force 1

Thoughts on optical 
automatic link configuration

Matt Brown, Alphawave Semi
Ali Ghiasi, Ghiasi Quantum

Mike Dudek, Marvell
Kent Lusted, Intel



November 13 to 16, 2023 IEEE 802.3dj Task Force 2

Contributors

• Adam Healey, Broadcom



November 13 to 16, 2023 IEEE 802.3dj Task Force 3

Supporters

• Chris Cole, Quintessent

• Tony Chan Carusone, Alphawave Semi

• Roberto Rodes, Coherent



November 13 to 16, 2023 IEEE 802.3dj Task Force 4

Introduction

• There has been interest expressed in providing a mechanism to 
automate the selection of PHY type and/or PHY mode.

• Auto-negotiation methodology developed for Ethernet electrical 
backplane and copper cable would be a good candidate as basis.

• Although we adopted no optical PHY baselines, the proposal 
encompasses any of the proposals discussed so far.

• Complementary presentation ghiasi_3dj_01_2311 proposes a 
method for optical transmitter adaptation.
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Purpose

• Establish common configuration (or lack thereof) for link partners at 
each end of an optical fiber.

• Examples…
• Determine common PHY type

• both ends use PHY with inner FEC or both use PHY without inner FEC

• Common inner FEC mode
• both ends use inner FEC or both ends disable/bypass inner FEC

• For inner FEC case
• both ends select with convolution interleaver or both ends do not use
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Useful features

• Means to exchange information between link partners
• e.g., signaling and data structure

• Means to initiate automatic configuration

• Means to select which technologies to permit

• Means to select a common mode of operation

• Means to transition from automatic configuration to data mode

• State machines to coordinate the above features
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High level state diagram
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Summary of auto-negotiation defined for 
backplane and copper cable PHYs in Clause 73 of 
IEEE 802.3-2022 and IEEE Std 802.3ck-2022.
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Clause 73 – AN general
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Clause 73 – AN signaling

Given 3.2 ns width (T3) 

this is equivalent to NRZ 

signaling rate 312.5 MBd
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Clause 73 – link codeword— encoding
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Clause 73 – link codeword –  technology abilities 
field

From 802.3ck-2022 (additions)…

From 802.3-2022…

From 802.3-2022…
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Clause 73 AN – Resolution of FEC type

From 802.3ck-2022…

From 802.3-2022…
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Clause 73 AN – Resolution of PHY type
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Clause 73 AN – State diagrams – transmitter and 
receiver
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Clause 73 AN
 – arbitration
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Optical link auto-configuration using Clause 73 
auto-negotiation as basis
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Reuse of Clause 73 auto-negotiation

• Include new auto-configuration sublayer below the PMD.

• Use signaling as defined in Clause 73, except…

• edge spacing at 75.3 ps (53.125 GBd / 4 = 13.28125 GBd) rather than 3.2 ns (312.5 MBd)
• Same as  training frame control channel proposed in ghiasi_3dj_01_2311; 1/8 PAM4 symbol rate

• Specify OMA requirements rather than electrical peak to peak swing as well as other optical parameters as necessary, inclusive of any 
anticipated PMD specifications

• Signaling over a specific lane TBD for multi-lane PHYs, other lanes disabled.

• Use page structure (base and next pages) and delineation as defined in Clause 73.

• Use state machines defined in Clause 73.

• Specify new allocation of PHY types and capabilities to base page.

• Specify new PHY prioritization table.

• Specify selection criteria for other capabilities, e.g., FEC, interleaving.

• Should it be mandatory to implement and optional to use as it is for Clause 73?

• AN is co-resident with the PMD on the module.
• Host may need to confirm PCS status to module or PCS monitor on module. Some coordination between host and module is required regardless.
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Example priority resolution table assuming two 
inner FEC modes (FECo/FECi) per PHY

Priority Technology Capability

1 1.6TBASE-DR8-2 1.6 Tb/s, 2 km, parallel

2 1.6TBASE-DR8 1.6 Tb/s, 500 m, parallel

3 800GBASE-LR4 800 Gb/s, 10 km

4 800GBASE-FR4 800 Gb/s, 2 km, duplex

5 800GBASE-DR4-2 800 Gb/s, 2 km, parallel

6 800GBASE-DR4 800 Gb/s, 500 m

7 400GBASE-DR2-2 400 Gb/s, 2 km, parallel

8 400GBASE-DR2 400 Gb/s, 500 m

9 200GBASE-FR1 200 Gb/s, 2 km, parallel

10 200GBASE-DR1 200 Gb/s, 500 m

Notes:

- Separate FEC mode advertisement and priority handling is required.
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Example priority resolution table assuming single 
inner FEC mode (FECi/FECo) per PHY

Priority Technology Capability

1 1.6TBASE-DR8-2 (FECi) 1.6 Tb/s, inner FEC, 2 km, parallel

3 1.6TBASE-DR8 (FECi) 1.6 Tb/s, inner FEC, 500 m, parallel

4 1.6TBASE-?R8 (FECo place holder) 1.6 Tb/s, reach TBD, parallel

5 800GBASE-LR4 (assume always inner FEC) 800 Gb/s, 10 km

6 800GBASE-FR4 (FECi) 800 Gb/s, inner FEC, 2 km, duplex

7 800GBASE-?R4 (FECo place holder) 800 Gb/s, reach TBD, duplex

8 800GBASE-DR4-2 (FECi) 800 Gb/s, inner FEC, 2 km, parallel

10 800GBASE-DR4 (FECi) 800 Gb/s, inner FEC, 500 m

11 800GBASE-?R4 (FECo place holder) 800 Gb/s, reach TBD

12 400GBASE-DR2-2 (FECi) 400 Gb/s, inner FEC, 2 km, parallel

13 400GBASE-DR2 (FECi) 400 Gb/s, inner FEC, 500 m

14 400GBASE-?R2 (FECo place holder) 400 Gb/s, reach TBD

15 200GBASE-FR1 (FECi) 200 Gb/s, inner FEC, 2 km, parallel

16 200GBASE-DR1 (FECi) 200 Gb/s, inner FEC, 500 m

17 200GBASE-?R1 (FECo place holder) 200 Gb/s, reach TBD

Notes:

- ?Rn is for PMDs associated with new objectives proposed in lusted_3dj_05_2311
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Things to think about

• For multilane PMDs, which lane should be used for signaling?

• Should AN be mandatory to implement and optional to use?

• Support for negotiation between lane rates, future proof.
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Summary

• Purpose of optical automatic configuration along with helpful 
features discussed.

• Clause 73 auto-negotiation, used for electrical links, reviewed.
• Optical automatic configuration using Clause 73 as a starting point 

outlined.
• This could be a candidate for optical link automatic configuration.
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Thanks


	Slide 1: Thoughts on optical automatic link configuration
	Slide 2: Contributors
	Slide 3: Supporters
	Slide 4: Introduction
	Slide 5: Purpose
	Slide 6: Useful features
	Slide 7: High level state diagram
	Slide 8: Summary of auto-negotiation defined for backplane and copper cable PHYs in Clause 73 of IEEE 802.3-2022 and IEEE Std 802.3ck-2022.
	Slide 9: Clause 73 – AN general
	Slide 10: Clause 73 –  AN signaling
	Slide 11: Clause 73 – link codeword— encoding
	Slide 12: Clause 73 – link codeword –  technology abilities field
	Slide 13: Clause 73 AN – Resolution of FEC type
	Slide 14: Clause 73 AN – Resolution of PHY type
	Slide 15: Clause 73 AN – State diagrams – transmitter and receiver
	Slide 16: Clause 73 AN  – arbitration
	Slide 17: Optical link auto-configuration using Clause 73 auto-negotiation as basis
	Slide 18: Reuse of Clause 73 auto-negotiation
	Slide 19: Example priority resolution table assuming two inner FEC modes (FECo/FECi) per PHY
	Slide 20: Example priority resolution table assuming single inner FEC mode (FECi/FECo) per PHY
	Slide 21: Things to think about
	Slide 22: Summary
	Slide 23

