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Introduction

● This slide package was assembled by the 802.3dj editorial team to provide 
background and detailed resolutions to aid in comment resolution.

● Specifically, these slides are for the various common (not one specific track) 
comments.
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Precoding



4IEEE P802.3dj Task ForceJune 2024

Precoding
Comments  21, 547, 582, 146, 145, 147, 148, 540, 541

In addition to C2M links, all PAM4 optical PMDs require precoding as well. See 
next slide. Note that it is implicit that this PMA would not ever be connected to a 
PMD or AUI with lane signaling rates lower than 200 Gb/s, so no further 
clarification is required. [except 1.6TAUI-16]

Editor’s recommendation:

Change the first sentence in 176.9.1.2 to the following:
“The precoding specifications in this subclause apply to the input and output lanes of a 
PMA that are connected to the service interface of an xBASE-KRn, xBASE-CRn, 
xBASE-DRn, or xBASE-FRn-500 PMD, or are part of an xAUI-n C2C or C2M link.”
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Precoding
Comments  21, 547, 582, 146, 145, 147, 148, 540, 541

https://www.ieee802.org/3/dj/public/24_05/motions_3dj_2405.pdf

https://www.ieee802.org/3/dj/public/24_05/ghiasi_3dj_04a_2405.pdf

Per motion #2 at the May Interim meeting, transmitter precoding was adopted along with 
OLT for all of the PMDs in Clause 180 through Clause 183.
For PMDs defined in Clause 180 and 181, the transmit precoding function is specified in 
Clause 176 (200G/400G/800G/1.6TBASE-R SM-PMA).
For PMDs defined in Clause 182 and 183, the transmit precoding function is specified in 
Clause 177 (200G/400G/800G/1.6TBASE-R Inner FEC)
 

https://www.ieee802.org/3/dj/public/24_05/motions_3dj_2405.pdf
https://www.ieee802.org/3/dj/public/24_05/ghiasi_3dj_04a_2405.pdf
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Precoding
Comments  21, 547, 582, 146, 145, 147, 148, 540, 541
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Current specifications of precoding and gray mapping

Note that precoding and inverse precoding are not explicitly labelled. Rather they are defined 
as processes for input lanes and output lanes, respectively. Similar for Gray mapping and 
inverse Gray mapping.

When referencing these subclauses, we need to be careful with the language we choose.
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Precoding
Comments  21, 547, 582, 146, 145, 147, 148, 540, 541

Editor’s recommendation for 177.4.7

Replace 177.4.7 including the editor’s note in 177.4.7.2 with the following:

177.4.7 PAM4 encoding
The PAM4 encoding function includes Gray mapping as specified in 177.4.7.1 and precoding as specified in 177.4.7.2.

177.4.7.1 Gray mapping
The Gray mapping for PAM4 encoded lanes is implemented as specified for output lanes in 120.5.7.1.

177.4.7.2 Precoding
The Inner FEC shall provide 1/(1+D) mod 4 precoding capability on each transmit lane.
Precoding is implemented as specified for output lanes in 135.5.7.2.
Tx precoding is enabled and disabled using variables precoder_tx_out_enable_i (where i is in the range 0 to 7).
If training is enabled by the management variable mr_training_enable (see 176A.11), then precoder_tx_out_enable_i shall be set as determined by the 
inter-sublayer link training function in the LINK_READY state on lane i (see Figure 176A-6). The method by which the inter-sublayer link training function 
affects this variable is implementation dependent.
If training is disabled by the management variable mr_training_enable precoder_tx_out_enable_i is set as required by the implementation (see 177.5.1).
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Precoding
Comments  21, 547, 582, 146, 145, 147, 148, 540, 541

Editor’s recommendation for 177.5…

Create new subclause prior to current 177.5.1 as follows:

177.5.1 PAM4 decoding
The PAM4 decoding function include inverse 1/(1+D) mod 4 precoding as specified in 177.5.1.1 and inverse gray mapping as specified in 177.5.1.2. Although the 
PAM4 decoding function is depicted as a discrete, serial function in Figure 177-2, it may be implemented anywhere in the receive function providing the net 
behaviour is the same.

177.5.1.1 Inverse precoding
The Inner FEC may optionally provide inverse 1/(1+D) mod 4 precoding capability on each receive lane.
If inverse precoding is implemented, it is enabled or disabled as determined by the implementation.
If inverse precoding is enabled, the Inner FEC receive function processes the detected data equivalent to the process specified for input lanes in 135.5.7.2.
If inter-sublayer link training function is enabled by the management variable mr_training_enable (see 176A.11), the precoding state on the link partner 
transmitter is requested using the inter-sublayer link training function.
If inter-sublayer link training function is disabled by the management variable mr_training_enable, the precoding state on the link partner transmitter is set by 
management.

177.5.1.2 Inverse Gray mapping
The inverse Gray mapping for PAM4 encoded lanes is identical to the process specified for input lanes in 120.5.7.1.
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Precoding
Comments  21, 547, 582, 146, 145, 147, 148

These comments are resolved using the response provided on the previous page.
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Training (Annex 176A)
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Comment #575

The comment is 
pointing out that the 
initial condition of the 
ic_req variable is not 
explicitly defined and 
there could be startup 
issue if PRESET1 is 
chosen over ind_sel 
as the default state. 
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Comment #575, Clause 176A
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Comment #575, Clause 176A
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Training patterns

(comments #61, #200, #358, #496, #497, #498, and #548)
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Option 1: add more training pattern options

• Implement the suggested remedy in #358

○ The proposed changes would address #61, #200, #496, #497, #498 and #548

• Many changes to the draft

Option 2: keep the adopted training patterns, improve their definition

• Reject #61, #358, #497, and #498
• Implement the suggested remedies in #200 (which would address #496) 

and #548
• Fewer changes to the draft

Comments #61, #200, #358, #496, #497, #498, and #548 are about the 
training patterns and are closely related.
We suggest choosing one of the options below.
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Table 176A-2 - Control field structure
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As of D1.0, these pad symbols are not 
present in the training frame if the test 
pattern is free-running PRBS13 or PRBS31.
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Option 1: add more training pattern options

• Implement the suggested remedy in #358

○ The proposed changes would address #61, #200, #496, #497, #498, and #548

• This requires many changes to the draft, as shown in the next 8 slides.
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7 Reserved Transmit as 0, ignore on receipt

6:5
Test pattern 
request

6 5
0      0  PRBS13
0      1  free-running PRBS13
1 0  Reserved
1      1  free-running PRBS31

Notes:
• Clause 162 compatibility: Set bits 6:5 = 00
• New training pattern options: 

• PAM2 free-running PRBS13
• PAM4 free-running PRBS13 with precoding

• 4 reserved bits remaining in the control field
• 1 Modulation and precoding request reserved
• 1 Test pattern request reserved

Modified Table 176A-2 - Control field structure
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14 One Transmit as 1

13:12 Test pattern status

13    12
 0      0  PRBS13
 0      1  free-running PRBS13
 1      0  Reserved
 1      1  free-running PRBS31

Notes:
• No reserved bits remaining in the status 

field
• 1 Modulation and precoding status reserved
• 1 Test pattern status reserved

Modified Table 176A-3 - Status field structure

6
Extend 
training

1 = No data is available, continue training
0 = Switch to data when training is 
completed
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176A.2.3 Training pattern

The training pattern is the result of a training pattern generator equivalent to the 
structure shown in Figure 176A–2.

There are three test pattern generator functions: PRBS13, PRBS13 free-running, and 
PRBS31 free-running.

The test pattern can be PAM2 or PAM4 modulated. For PAM4 modulation, precoding can 
be enabled or disabled.

The test pattern selector is set to PRBS13 and the modulation to PAM2 upon entry to the 
QUIET state of the interface control state diagram (see Figure 176A–6).

NOTE—Exiting TRAINING mode requires both sides to use PAM4 modulation, thus the 
modulation and precoding request and status are both required to have values other 
than PAM2.

Test 
pattern 

generator
1:2

Gray 
coder

x3

Precoder

Selector
00 = PAM2
10 = PAM4
11 = PAM4 with precoding 

00

10

11

Training 
pattern 
output
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176A.x.x Modulation and precoding request

The modulation and precoding bits are used to 
request that the link partner transmitter 
modulates and codes the transmitted training 
pattern using one of the options defined in 
176A.x.y (Test pattern modulation and coding).

176A.x.x Test pattern request

The test pattern bits are used to request that the 
link partner transmitter transmits one of the test  
patterns defined in 176A.2.3.1, 176A.2.3.2, and 
176A.2.3.3.

176A.x.x Test pattern status

The test pattern status bits encode the value of 
local_tp_mode.

176A.x.x Modulation and precoding status

The modulation and precoding bits encode the 
value of local_md_mode.
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Move to new sub-clause: Test pattern modulation and coding
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Move to new sub-clause: Test pattern modulation and coding

Move to new sub-clause: Test pattern modulation and coding

The initial state of the PRBS31 generator shall not be all zeros. It may be any other 
value. The PRBS31 generators in a multi-lane device shall be configured such that 
their relative offsets are large enough to make adjacent lanes uncorrelated within 
the length of the training frame. This can be achieved, for example, by initialization 
with different seeds or with the same seed at different times.

Move to new sub-clause: Test pattern modulation and coding

comment #548
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New sub-clause:

176A.x.x Test pattern modulation and coding

The training pattern generator can generate three different training patterns. The construction of each training pattern begins by demultiplexing 
the test pattern generator output into pairs of bits {A, B} where A corresponds to the 1st, 3rd, 5th, etc. bits output by the test pattern generator 
and B corresponds to the 2nd, 4th, 6th, etc. bits output by the test pattern generator. There is a new pair of bits each unit interval which implies 
that the test pattern generator is required to generate bits at twice the signaling rate. Given these pairs of bits, the three different training 
patterns correspond to three values of the training pattern selector in Figure 176A–2: PAM2, PAM4, and PAM4 with precoding.

When the training pattern selector is set to PAM2, the training pattern is the sequence of PAM4 symbols derived by mapping only the A bits such 
that logical 0 is transmitted as 0 and logical 1 is transmitted as 3.

When the training pattern selector is set to PAM4, the training pattern is the sequence of PAM4 symbols derived by Gray coding the {A, B} pairs as 
specified in 120.5.7.1.

When the training pattern selector is set to PAM4 with precoding, the training pattern is the sequence of PAM4 symbols derived by Gray coding 
the {A, B} pairs as specified in 120.5.7.1 and precoding the result as specified in 135.5.7.2. 

For PRBS13, at the beginning of each training pattern the test pattern generator state is set to seed_i (see 176A.2.3.1) and the precoder state is 
set to 0 such that P(j–1) = 0 in Equation (135–1) for the first PAM4 symbol of the training pattern. For free-running PRBS13 and PRBS31, these 
operations are not performed.

Two “0” symbols are transmitted immediately after the training pattern. This zero pad delineates the start of the frame marker for the next 
training frame.

comment #489
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176A.7 Training pattern setting

When a change to the modulation and precoding request bits or the test pattern request 
bits is detected, the transmitted training pattern (see 176A.2.3) is chosen accordingly. The 
local_mc_mode variable is then set to the value of the modulation and precoding request 
bits and the local_tp_mode variable to the value of the test pattern request bits, to confirm 
that the change to the format of the training pattern was completed. local_md_mode and 
local_tp_mode are encoded in the status field (see 176A.4.2).

local_mc_mode
Enumerated variable that controls the training pattern modulation and coding (see 
176A.x.x), and may be assigned one of the following values: PAM2, PAM4, PAM4 with 
precoding.

local_tp_mode
Enumerated variable that controls the choice of the transmitted test pattern (see 
176A.2.3), and may be assigned one of the following values: PRBS13, free-running 
PRBS13, free-running PRBS31.
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Test pattern definitions - fixed in new text of sub-clauses
Response: 
ACCEPT IN PRINCIPLE. Resolve using the response to comment #358

Test pattern definitions - fixed in new text of sub-clauses
Response: 
ACCEPT IN PRINCIPLE. Resolve using the response to comment #358
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Pattern status encoding - included in updated status field table
Response: 
ACCEPT IN PRINCIPLE. Resolve using the response to comment #358

Zero pad - included in new test pattern modulation and coding
Response: 
ACCEPT IN PRINCIPLE. Resolve using the response to comment #358

Additional pattern - included in new training pattern selection
Response: 
ACCEPT IN PRINCIPLE. Resolve using the response to comment #358

PRBS31 de-correlation - included in new text of sub-clause
Response: 
ACCEPT IN PRINCIPLE. Resolve using the response to comment #358
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Option 2: keep the adopted training patterns (without changing or 
adding new ones), improve their definition

• Reject #61, #358, #497, and #498
• Implement the suggested remedies in #200 (which would address 

#496) and #548
• Fewer changes to the draft - shown in the next 3 slides
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Only PAM4 
is defined
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ACCEPT IN PRINCIPLE.
Change: "These three variations are produced as described for the 
PRBS13 free-running function in 176A.2.3.2."

to: "The initial state of the PRBS31 generator shall not be all zeros. It may 
be any other value. The PRBS31 generators in a multi-lane device shall be 
configured such that their relative offsets are large enough to make 
adjacent lanes uncorrelated within the length of the training frame. This 
can be achieved, for example, by initialization with different seeds or 
with the same seed at different times.
When the training pattern selector is set to PAM4 PRBS31, the training 
pattern is generated in a similar manner to the definition in 176A.2.3.2, 
except that PRBS31 generator output is used instead of PRBS13 
generator output.
When the training pattern selector is set to PAM2 PRBS31, the training 
pattern is generated in a similar manner to the definition in 176A.2.3.2, 
except that PRBS31 generator output is used instead of PRBS13 
generator output, and the pair of bits {A, A} is used instead of {A, B}.
When the training pattern selector is set to PAM4 PRBS31 with 
precoding, the training pattern is generated from the PAM4 PRBS31 
pattern by precoding the Gray-mapped PAM4 symbols as specified in 
135.5.7.2. The precoder initial state is not specified. The state is not 
reinitialized or reset during generation of the training pattern.”
Implement with editorial license.
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Training
State diagrams

Comment #550
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recovery_event_count <= 0

recovery_event_count++

recovery_timer done + 
(max_recovery_events != 0) * (recovery_event_count >= 
max_recovery_events)


