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Introduction

• Need to set a BER target or set of BER targets for 200 Gb/s per lane 
C2M and C2C AUIs.

• A higher AUI BER target provides tolerance for higher insertion loss, 
crosstalk, and reflections.

• Choice of AUI BER target has implication on definition of PMDs and 
physical layer implementations.
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High-BER and Low-BER AUIs in MAC-to-MAC link

The following presentation illustrated the impact of 

AUI BER choice on  a MAC-to-MAC link:

https://www.ieee802.org/3/dj/public/23_03/gustlin_3dj_01_2303.pdf

The slide to the right shows “high-BER” (~1E-4) and 

“medium-BER” (~1E-5) AUI types in a system.

The assumption in that presentation are:

#1 If there is one or more “high-BER” AUI in a 

Physical Layer implementation, then they must be 

within an extender, thus FEC segmentation.

#2 If there is one or two “medium-BER” AUIs in a 

Physical Layer implementation, then an extender is 

not required; thus no FEC segmentation.

However, an intermediate BER value, e.g., 5E-5, 

was not considered.

“High-BER” AUIs within an 

MII Extender (bookended by 

XS at each end)

“Medium-BER” AUIs with no 

extender, thus no XS 

bookending.

https://www.ieee802.org/3/dj/public/23_03/motions_3dfdj_2303.pdf
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Straw poll

Straw polls #9 and #10 taken at the March 2023 Plenary 

meeting are shown to the right.

https://www.ieee802.org/3/dj/public/23_03/motions_3dfdj_2303.pdf

Straw poll #9 demonstrates strong desire for a AUI BER 

limit of 1E-5 and less so 5E-5.

Straw poll #10 demonstrates a split opinion on what to 

allow for the “high-BER” BER case:

- BER target to be 1E-5

- BER target to be 5E-5

- BER target to be 1E-4

https://www.ieee802.org/3/dj/public/23_03/motions_3dfdj_2303.pdf
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PHY/FEC “types”

For review, the following presentation introduced 3 PHY 

types relating to the way the FEC is used with the AUIs.

https://www.ieee802.org/3/dj/public/23_03/brown_3dj_01a_2303.pdf

A Type 1 PHY (top right) allows up to 2 AUI segments 

within the PHY (at each end) with BER less than 1E-5. 

The AUI BER target influences the choice of the PMD 

BER target.

A Type 2 PHY (bottom right), which includes 

concatenated inner FEC, allows up to 2 AUIs within the 

PHY (at each end) with BER less than ~5E-5 (see later 

slide) each. The AUI BER target influences the choice of 

the PMD BER target.

A Type 3 PHY allows no AUIs within the PHY. An 

extender is always required if an AUI is required. The 

AUI BER does not affect the PMD link.

https://www.ieee802.org/3/dj/public/23_03/motions_3dfdj_2303.pdf
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Type 1 PMD BER Specification Example

For review, the following presentation gave an example 

of how the AUI BER affects the allowable PMD FLR and 

BER.

https://www.ieee802.org/3/dj/public/23_03/brown_3dj_01a_2303.pdf

In this example...

- the PMD/FLR allows for two AUI segments in a PHY 

(at each end) with 1E-5 BER per AUI segment

- the FLR for the whole physical layer implementation is 

6.2E-11

- the PMD FLR target is reduced to 1.7E-12 FLR for 

the PMD link to allow for the AUI BER

https://www.ieee802.org/3/dj/public/23_03/motions_3dfdj_2303.pdf
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C2M AUI channel analysis

The following presentation explored the tradeoff 

between C2M channel insertion loss, DER target, 

and reference receiver characteristics.

https://www.ieee802.org/3/dj/public/23_03/li_3dj_01a_2303.pdf

Using a full CR-like reference receiver and DER of 

1E-5 a die-to-die insertion loss of only 31.75 dB is 

achievable.

To achieve longer reach, higher DER target and/or 

more complex reference receiver (e.g., MLSE) is 

required.

https://www.ieee802.org/3/dj/public/23_03/li_3dj_01a_2303.pdf
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Impact of AUI BER on PMD

The following presentation provided impact of AUI BER 

on the BER limit for the Type 2 PMD.

https://www.ieee802.org/3/dj/public/23_03/he_3dj_01_2303.pdf

Per the slide on the right, the allowable PMD BER is 

dependent upon the AUI BER and the amount of 

interleaving in the in the inner FEC (FEC_I).

If we allow either 2 AUIs with BER 5E-5 each or 1 AUI 

with BER 1E-4 the PMD BER limit is:

• 3.5E-3 if 12 CW interleaving

• 2.4E-3 if 4 CW interleaving

Alternately, C2C and C2M could have different limits 

with sum of 1e-4, e.g., 2E-5 for C2C and 8E-5 for C2M.

https://www.ieee802.org/3/dj/public/23_03/brown_3dj_01a_2303.pdf
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Next steps, thoughts

• Is it necessary to support 2 AUIs per PHY?
• If we limit to one AUI per PHY then:

• a single AUI with 2E-5 is compatible with Type 1 PHY

• a single AUI with 1E-4 is compatible with Type 2

• If we need two AUIs sometimes, can we specify different BER 
targets for C2M and C2C?
• C2M may be more difficult due to high reflections on front-panel 

connectors

• For example, could specify C2M BER 8E-5 and C2C  BER 2E-5
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AUI BER Target Options

(A) C2M and C2C AUI BER 1E-5

Up to 2 AUI per Type 1 or Type 2 PHY

Minimum channel reach/tolerance per AUI

(B) C2M and C2C AUI BER 2E-5

Up to 1 AUI per Type 1 or Type 2 PHY

Improved channel reach/tolerance per AUI

(C) C2M and C2C AUI BER 5E-5

Up to 2 AUI per Type 2 PHY

Extender always required for Type 1 PHY

More improved channel reach/tolerance per AUI

(D) C2M and C2C AUI BER 1E-4

Up to 1 AUI per Type 2 PHY

Extender always required for Type 1 PHY

Most improved channel reach/tolerance per AUI

(E) C2M AUI BER 8E-5 and C2C AUI BER 2E-5

Up to 1 C2C AUI per Type 1 PHY

Up to 1 C2C AUI + 1 C2M AUI per Type 2 PHY

Extender required for C2M AUI for Type 1 PHY

Best compromise channel reach/tolerance
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AUIs and Type 1 modular PHYs

C2M

PMD/MDI

PMA

C2M

PMD/MDI

PMA

C2C

PMA

PCS

PMA

PCS

PMA

RS

MAC

MII

RS

MAC

MII

Type 1 PHY (e.g., 800GBASE-DR8)

Total AUI BER per PHY must be less than 2E-5.

Higher BER AUIs force use of an extender with PHY XS and PCS on the module.

Applies to any 100 Gb/s per lane PMD specified thus far.

Applies to any 200 Gb/s per lane Type 1 PMD that might be specified.

PMD/MDI

PMA

PCS

RS

MAC

MII

C2M

PMA

DTE XS

PMA

PHY XS

PMD/MDI

PMA

PCS

RS

MAC

MII

C2M

PMA

DTE XS

PMA

PHY XS

C2C

PMA

MII MII

Type 1 PHY

Host with retimer and 

module.

Note: PMD 

requirements based 

on this configuration.

Type 1 PHY

Host with module.

Type 1 PHY

Host with module 

using extender on 

module.

Type 1 PHY

Host with retimer and 

module using extender 

on module.

Compatible with 

option: A

Compatible with 

option: A, B

Compatible with 

option: A, B, C, D, E

Compatible with 

option: A, B, C, D, E

Option C2M 

BER

C2C 

BER

A 1E-5 1E-5

B 2E-5 2E-5

C 5E-5 5E-5

D 1E-4 1E-4

E 8E-5 2E-5
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MAC
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C2M

PMA

DTE XS

PMA

PHY XS

C2C

PMA

MII

Type 1 PHY

Host with retimer and 

module using extender 

on host.

Compatible with 

option: A, B
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AUIs and Type 1 on-board PHYs

PCS
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PMD/MDI

MAC

MII
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PMA

C2C

PMA
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PCS

PMA

RS

MAC
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RS

MAC

MII

Type 1 PHY (e.g., 800GBASE-CR8)

Total AUI BER per PHY must be less than 2E-5.

Higher BER AUIs force use of an extender with PHY XS and PCS near the PMD.

Applies to any 100 Gb/s per lane PMD specified thus far.

Applies to any 200 Gb/s per lane Type 1 PMD that might be specified.
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PCS

RS

MAC
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MII MII

Type 1 PHY

Host with retimer and 

separate PMD device.

Note: PMD 

requirements based 

on this configuration.

Type 1 PHY

Host with separate 

PMD device
Type 1 PHY

Fully integrated 

physical layer, no 

AUIs, (e.g., CPO).

Type 1 PHY

Host with 1 AUI 

extender.

Type 1 PHY

Host with 2 AUI 

extender.

Compatible with 

option: A

Compatible with 

option: A, B, E

Compatible with 

option: A, B, C, D, E

Compatibility:

Option:  A, B, C, D, E

Compatibility:

Option: A, B, C, D, E

Option C2M 

BER

C2C 

BER

A 1E-5 1E-5

B 2E-5 2E-5

C 5E-5 5E-5

D 1E-4 1E-4

E 8E-5 2E-5
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AUIs and Type 2 modular PHYs
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Type 2 PHY (e.g., 800GBASE-FR4)

Total AUI BER per PHY must be less than 1E-4.

Higher BER AUIs force use of an extender with PHY XS and PCS on the module.

Applies to new PHYs with 200 Gb/s per lane PMD and concatenated inner FEC.
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Type 2 PHY

Host with retimer and 

module.

Note: PMD 

requirements based 

on this configuration.

Type 2 PHY

Host with module.

Type 2 PHY

Host with module 

using extender on 

module.

Type 2 PHY

Host with retimer and 

module using extender 

on module.

Compatible with 

option: A, B, C, E

Compatible with 

option: A, B, C, D, E

Compatible with 

option: A, B, C, D, E

Compatible with 
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Option C2M 

BER
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A 1E-5 1E-5

B 2E-5 2E-5
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AUIs and Type 3 PHYs
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Type 3 PHY (e.g., 400GBASE-ZR, maybe 800GBASE-ER1)

XS always required regardless of AUI BER.
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A 1E-5 1E-5
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E 8E-5 2E-5
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Summary

• Choice of AUI BER has serious implications on the FLR and BER targets 
for a PMD.

• C2M channel analysis has shown that a conventional BER target of 
1E-5 may not be practical for the reaches we want.

• BER higher than 1E-5 will not be compatible with Type 1 PHYs with 2 
AUIs and thus MII Extender would be required for such PMD/AUIs. 

• Type 2 PHYs can tolerate higher AUI BER: around 1E-4 total per PHY 
(e.g., 2 AUIs with 5E-5 or 1 AUI with 1E-4).

• Consider options B to E as alternatives to conventional AUI BER 
targets.
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Thanks
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