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Background

• Reference equalizer of TECQ/TDECQ was changed to 15tap FFE +1 tap 
DFE to get closer to what modern receiver are capable of, reducing 
the deviation of TECQ as a metric to distinguish good and bad 
transmitter. 

• Tap limit was agreed to be <0.3

• However, many details of implementing DFE-based reference 
equalizer was not captured in the current draft

• This contribution aims to fill in the some of the required details, 
knowing that some other details may be captured by other 
contribution or in the electrical clauses.   
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A flow view of getting TECQ/TDECQ 

Capture waveform

Find equalizer setting
Equalizer normalization(tap weight)

Equalized waveform

Pick histogram(two) @ 0.45 & 0.55UI

Calculate error probability SERL/R

Compare SERL/R vs SER target

Add noise
AWGN of 𝜎𝐺

Calculate TECQ

Decision @ sampling point of 0.5UI
FFE optimization based on 0.5UI histogram

Find FFE and DFE tap
Not in the scope of this contribution
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Normalizing Equalizer tap weights

Input pulse

Output pulse

Pi (k) = Pave + OMA/2*D[k]

෍

𝒊=−𝟑

𝟏𝟏

𝒘 𝒊 − 𝒃 𝟏 = 𝟏

𝑃𝑘 = σ𝑖=−3
11 𝑤(𝑖) × 𝑃𝑘+𝑖 − 𝑏 1 × 𝑃(𝑘 − 1)。

D[k]∈[-1，-1/3, 1/3，1]

𝑃𝑘 = σ𝑖=−3
11 𝑤 𝑖 − 𝑏 1 × 𝑃𝑎𝑣𝑒 + Τ𝑂𝑀𝐴 2 × (σ𝑖=−3

11 𝑤 𝑖 × 𝐷[𝑘 + 𝑖] − 𝑏 1 × 𝐷[𝑘 − 1])

• Both w(i) and b(1) apply to OMA/2
• FFE limit are applied to the normalized weight, i.e., w(i)/w(0),
• However, DFE limit is not a normalized value. 
• No need to call out normalization to OMA/2, in fact it is not a 

normalization, it is the definition of coefficient. 

For simplicity, pretend we already have four levels /suppose we have long-run 3 and -3

To maintain DC gain =1

Proposed change
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Calculating SER with DFE
• We could still follow the same procedure to estimate the SER of the equalized waveform.
• However, the addition of DFE brings error propagation, and uncertainty of the DFE error distribution, that need to be 

considered. Unlike the electrical PMDs and x-AUIn interfaces, SER target for optical clauses has not been adjusted for 
the effect of error propagation of DFE equalizer. 

• One way adapting to the DFE equalizer, is to use a correction factor to get SEREP= SER0 x f, then require SEREP

approximating SER target.

𝑓 =
1

1 − (𝑃𝐸 − 𝑆𝐸𝑅0 )
, 𝑃𝐸 = 3/4𝑃

𝑆𝐸𝑅0 is the calculated SER without error propagation, to achieve SER0, one way is to apply correct symbol 
sequence instead of the estimated sequence in the feed-back equalizer   

Detector

1UI
delay

Output of FFE equalizer

-

b(1) X

Synchronized Test Pattern

IEEE802.3dj September Interim 2025, Minneapolis 6



Summary of the proposed changes

Some major updates to Secion 180.9.5 Transmitter and dispersion eye closure for PAM4 (TDECQ)  is required to reflect the 

changes. 

1. Add Figure 180-8 TDECQ conformance test block diagram, In which it is beneficial to clearly point out 
1. the scope of reference receiver and reference equalizer,
2. Point of measurement of OMA
3. Point of noise addition 

2. Add Figure 180-9 Illustration of the TDECQ measurement, based on Figure 121-5, but with the sampling point pointed 
out.

3. Add Figure 180-10 TDECQ reference equalizer functional model.
4. Change the normalization requirement in Table 180-18.
5. Add text to Calculation of error probability （pick the histogram after equalization?）
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Reference Receiver

Reference Equalizer

Propose to Add Figure 180-8 TDECQ conformance test block diagram

OMAouter

Figure 180-8 – TDECQ conformance test block diagram
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L R

0.5
DFE sampling point

Propose to Add Figure 180-9 Illustration of the TDECQ measurement

Figure 180-8 – Illustration of the TDECQ measurement
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Propose to Add Figure 180-10 TDECQ reference equalizer functional model （1）

1UI
delay

1UI
delay

1UI
delay

1UI
delay

……

……

Detector

1UI
delay

15tap FFE 1tap DFE

input

w(11)

AWGN

-

w(10)w(-3) w(-2) w(-1) b(1)
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Propose to update calculated SER to reflect error propagation, with changes to 
the equalizer reference model(2)

SEREP= SER0 x f  → SER target

𝑓 =
1

1 − (𝑃𝐸 − 𝑆𝐸𝑅0 )
,

𝑃𝐸 = 3/4𝑃

1UI
delay

1UI
delay

1UI
delay

1UI
delay

……

……

Detector

1UI
delay

15tap FFE 1tap DFE

input

w(11)

AWGN

-

w(10)w(-3) w(-2) w(-1) b(1)
Synchronized 
test pattern

Descpritive text with editorial license.
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Propose to Add Figure 180-10 TDECQ reference equalizer functional model （1）

change footnote a to
“ The sum of 15 FFE equalizer coefficients, w(i), 
minus DFE equalizer coefficient, b(1)”

෍

𝒊

𝒘 𝒊 − 𝒃 𝟏

Or to
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Thanks!
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