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Background and goal

• OMAouter is part of PAM4 optical transmitter specifications starting 
from clause 121 (802.3bs)

• It has matched the previous definition of OMA in NRZ transmitters
• In 802.3dj we have effectively changed the definition to OMAouter 

and created a new definition OMATDECQ

•  This presentation suggest a simpler and more natural way to 
define OMAouter which will be

• consistent with previous definitions
• compatible with existing measurements
• Physically meaningful
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The comments
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The suggested remedies were initial thoughts
Consider them overridden by this presentation



Original OMA definition – clause 52 
(10GBASE-S, 10 GBd NRZ)
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Defined with a square wave pattern – easy to measure
If the measurement region is flat (as in the figure), P0 and P1 represent DC levels

8-22 UI

Note that some NRZ clauses (58-
60, 75) use a different definition



Original OMAouter definition – clause 121 
(200GBASE-DR4, 50 GBd PAM4)
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Defined with a choice of two “rich” 
PAM4 patterns – not square wave

The measurement point (before/after equalizer) is not specified 
here - but the signal in Figure 121-3 is clearly equalized…

The TDECQ definition provides the answer



OMAouter and TDECQ in clause 121
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In the TDECQ definition , OMAouter is used both as a term in the 
calculation and for calculating the decision thresholds.

This OMAouter is explicitly the same as the one in 121.8.4.

<…>

<… … …>

Thus, OMAouter is defined to be measured at the output of an equalizer with unity gain at DC.



OMA and OMAouter

• OMAouter is (intended to be) consistent with the original OMA definition
• Measurement after the reference equalizer (with unity DC gain) preserves the DC level
• Assuming the measurement is done on a flat region (as in the figure) the signal should 

reach the DC level
• So P0 and P3 are the outer DC levels

• Both specifications were referenced without change for specifications in 
several subsequent optical PMD clauses

• OMA with NRZ modulation up to ~26 GBd: clauses 53, 68, 86-88, 95, 112
• OMAouter with PAM4 modulation up to ~53 GBd: clauses 122-124, 138-140, 150-151, 160, 

167 
• Apparently there was no issue with the definitions

• These metrics are also used in the definitions of RINxxOMA and receiver 
sensitivity

• Fundamental to specifications (more than TDECQ)
• People know what they mean
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Modifications in 802.3dj
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During the review of D1.3 I submitted comment #333 requesting clarification of transition time measurement:

The text in the slide says “There is a definition of how OMAouter is measured for TDECQ calculation in 
121.8.5.3, but there is no indication if the same is to be used in 121.8.4 for OMAouter in general.”
But Equation 121-12 does indicate that it is the same (See previous slide)
This change went beyond what the comment asked for (transition time)… and no reasoning was recorded

The response adopted the suggested change in 
Slide 8 of issenhuth_3dj_01a_2501:

https://www.ieee802.org/3/dj/comments/D1p3/8023dj_D1p3_comments_final_clause.pdf#page=98
https://www.ieee802.org/3/dj/public/25_01/issenhuth_3dj_01a_2501.pdf#page=8


Modifications in 802.3dj
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Measuring before the reference equalizer (new specification) means the measurement region is not flat 
anymore…

The measured P0 and P3 before equalization depend on the bandwidth, peaking, etc. of the Tx DUT, and may be 
higher or lower than the DC levels

This deviates from the original meaning of OMAouter and results in ambiguity (any possibly noisiness) of the result
Indirectly, it changes the meaning of RINxxOMA and receiver sensitivity
Many people are likely unaware of this

This is what you expect to see after the reference equalizer – not before it (it can only be the same if the equalizer does nothing)



Modifications in 802.3dj
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Subsequent to the change of OMAouter, in D2.2 the TDECQ definition was written explicitly in 180.9.6 instead of referring to clause 121.
The definition now includes a new parameter OMATDECQ – which appears in 180.9.6.4 initially without a definition… other than a “reference 
point”:

But eventually it is defined as the equalizer output

This is what you expect to see after the reference equalizer – not before it

This matches the open eye diagram 
illustrating the TDECQ measurement

This may be worth correcting; OMATDECQ is 
measured at the equalizer output 



What if…
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Should we redefine OMAouter to be at the output of the reference equalizer (merge with OMATDECQ)?

• Problem: the current definition of the reference equalizer 
has an FFE with unity gain at DC – but there is also a DFE

• The DC level after the DFE is multiplied by a factor of 1 −
𝑏𝑏 1 , which can make a big difference

• a typical DFE with 𝑏𝑏 1 > 1 “expands” high frequency 
patterns and “compresses” low frequency patterns

• The resulting “DC gain” is likely <1 leading to reduction 
of OMATDECQ (and artificial improvement of TDECQ)

• In order to maintain the original meaning of OMAouter, we 
should also either

A. Redefine the equalizer to have “unity DC gain” such 
that  ∑𝑤𝑤(𝑖𝑖) − 𝑏𝑏 1 = 1

B. Divide the measured value by the DC gain (currently 
1 − 𝑏𝑏 1 )

• This should be considered for OMATDECQ as well



What about unequalized ISI 

• It was noted in alloin_3dj_01b_2509 that the signal can be 
affected by reflections that the reference equalizer will not correct

• When the measurement of each level is done once per pattern (e.g. 
PRBS13Q) the reflections can either increase or decrease the measured 
value

• If that happens the measurement region will likely not be flat even after 
the equalizer

• Possible solutions
• Measure on multiple points in the pattern (possible in SSPRQ, not clear if 

PRBS13Q too)
• Measure on a slow square wave pattern, as in OMA (back to basics)
• Perhaps others, see alloin_3dj_01_2601
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https://www.ieee802.org/3/dj/public/25_09/alloin_3dj_01b_2509.pdf


What should we do

• Ignoring the temporary procedural considerations – what’s 
technically correct?

• To keep the original meaning of OMAouter (and OMA) we can
A. Keep the current measurement method (specific points on a pattern, 

e.g. SSPRQ) but measure at the equalizer output, and correct for the 
“DC gain” of the equalizer (including DFE)

B. Change the definition to measurement on the flat regions of a square 
wave pattern (preferably slow). This can be done at the equalizer input 
(unambiguous) or output (common with TDECQ)

• If we don’t make any of these changes, we should use a new name 
for the new parameter
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Summary

• OMAouter definition in 802.3dj deviates from all preceding 
definitions due to measurement before the equalizer

• The change was done in D1.4, reasoning was not recorded and might 
have been an error

• The name was kept the same, so people might assume the old meaning

• Options to realign OMAouter with the preceding definitions were 
presented
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That’s all!
Questions?
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