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P802.3dj Physical layer jitter (Clause 176/179)  proposal to advance/close 
current comments against present JRMS and J4u03 methodologies
Presented to IEEE P802.3dj Electrical Task Force January 2025. 
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Author: John Calvin (Keysight Technologies)

Contributors: David Gines, Ryan Chodora, Mike Beyers, Kalev Sepp.
Based on draft release of IEEE P802.3djTM/D1.3 Comments

Abstract: Comments recorded against P802.3dj D1.3 (306, 219, 220, 221) are calling out for improved 
handling of jitter.   Based on the straw-polling of gines_3dj_optx_01a_250109.pdf conducted on 
01/09/2025 this contribution drives to addressing these comments
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Supporters/Collaborators (Version 1.2)
Yasuo Hidaka (Credo Semi)

Mike Dudek (Marvell)

Bill Simms (NVIDIA)

Adee Ran (Cisco)

Richard “Boltzmann equation” Mellitz (Samtec): “This POJ concept tracks the                      Ideal Gas law “ 

Rick Rabinovich (Keysight)

Rohan Phadke (Arista)

Reference material:
Gines 01/09/2025: JHRMS technical overview and proposal for channel independent Jitter measurements
IEEE 09/24 Contribution:  Jitter operations (179.9.4.7) at TP1a (33dB) : Calvin et al. , Keysight Technologies
IEEE 09/24 Contribution: VEC associated with high channel loss : Calvin et al. , Keysight Technologies
IEEE 07/24 Contribution:  1.6Tbps output jitter decomposition associated with high loss AUI-C2M channel conditions
IEC-TC85-WG22:  IEC-TC85-WG22-Instrument Noise/Jitter compensation in higher order PAM modulated signals 16Dec2022
RAN 07/24 Contribution: Host channel model and loss parameters
DiMinico 11/23 Contribution: Considerations for CR Insertion Loss Budget Baseline: Cable Assemblies and Test Fixtures
Rabinovich 11/23 Contribution: 212 Gb/s PAM4 per Lane C2M Channels Via Length Performance Study
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https://www.ieee802.org/3/dj/public/adhoc/optics/0125_OPTX/gines_3dj_optx_01a_250109.pdf
https://www.ieee802.org/3/dj/public/24_09/calvin_3dj_01_2409.pdf
https://www.ieee802.org/3/dj/public/24_09/calvin_3dj_04_2409.pdf
https://www.ieee802.org/3/dj/public/24_07/calvin_3dj_01b_2407.pdf
https://urldefense.com/v3/__https:/gcc02.safelinks.protection.outlook.com/?url=https*3A*2F*2Fcollaborate.iec.ch*2F*23*2Fpages*2Fworkspaces*2F109358*2Fdocuments*2F174803*2Fdetails*2F714463&data=05*7C01*7Cpaulter*40nist.gov*7C816f1ce3b4d846a7bf0c08dad94be774*7C2ab5d82fd8fa4797a93e054655c61dec*7C1*7C0*7C638061217284037245*7CUnknown*7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0*3D*7C3000*7C*7C*7C&sdata=W*2Bci1mHskW2yTE3sRcvSbv39G2Hcm4gNhxaCodDabB0*3D&reserved=0__;JSUlJSUlJSUlJSUlJSUlJSUlJSUlJSUlJSUlJSU!!I5pVk4LIGAfnvw!jPpe0tNFijNfqsaWgykWfyuLhnFAa8MWzny9nTpeFc-xtWVnIpAXWf2ZmT_jUUNrR7pgB6vJBppzbtwwko9mT_HelsNs4pI$
https://www.ieee802.org/3/dj/public/24_07/ran_3dj_01b_2407.pdf
https://www.ieee802.org/3/dj/public/23_11/diminico_3dj_01_2311.pdf
https://www.ieee802.org/3/dj/public/23_01/23_0116/rabinovich_3dj_01_230116.pdf
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Draft 1.3 comments related to Jitter. 

P802.3dj Clause 176/179  comment’s 
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Comment 306:  
Jitter measurements refer to 120D.3.1.8.1 for the probability distribution calculation method… The method of combining 

the distributions should be improved to mitigate additive noise and slope dependence.
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The composite histogram can have a higher JNU value than the sum of individual JNU values when histograms are not 
symmetric. This example shows a long tail to the left for rising, and a long tail to the right for falling edges.  An 
additional influence on the symmetry of these distributions is biased by the pre-transition and post-transition run-
length. 

JNU JNU
+ =

JNU

Rising Edge (0->3) Falling Edge (3->0) Composite
The JNU values for rising (red) 
and falling (blue) are shown for 
reference.
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Jitter measurements refer to 120D.3.1.8.1 for the probability distribution calculation method… The method of 

combining the distributions should be improved to mitigate additive noise and slope dependence.

• As illustrated in calvin_3dj_01b_2407 Pg 7, the process of “combining the sets” results a 
composite result that is substantially greater than the sum of its parts. 

•  Rising edge Jnu histograms have a “left” bias, and corresponding falling edge histograms 
have a “right” bias.   “Combining” or adding these two histograms into a composite value 
has always been problematic.  

• It is recommended that within a given transition level class (e.g. 3 level transitions) that the 
J4u/J3u value be associated with the RMS (root mean squared) of the individual measured 
values

Comment 306: 
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https://www.ieee802.org/3/dj/public/24_07/calvin_3dj_01b_2407.pdf
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Comments 219, 220 and 221:  
J3u and JRMS measurements at TP2 are highly affected by the effects of slew rate and noise and do not reflect actual 

uncorrelated jitter.. A different methodology that will better quantify phase-only uncorrelated jitter has to be explored
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The Jnu and JRMS operations need to be separated for this comment.   A methodology that is highly resilient to 
channel loss has been described in gines_3dj_optx_01a_250109 and introduces the concept of JHRMS which is 
largely what the original spec writers intended rather than what was described in 120D.3.1.8.1.   
The Jnu operations need to be modeled with one proposal described 
in gines_3dj_optx_01a_250109 (Pg 12)  the only thing needing 
extraction here is DJHdd which should correspond to Add. 

https://www.ieee802.org/3/dj/public/adhoc/optics/0125_OPTX/gines_3dj_optx_01a_250109.pdf
https://www.ieee802.org/3/dj/public/adhoc/optics/0125_OPTX/gines_3dj_optx_01a_250109.pdf
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Reference: IEC-TC85-WG22-Noise_Jitter_Compensation_Dec_16_2022: Noise compensation in higher order PAM modulated signals 
Credits: Kalev Sepp

• The Q-Scale transform offers a method of transforming a probability distribution into Q-Space
• It’s an effective means to both determine how Gaussian a distribution is, and to predict lower 

probability behavior.  

Comments 219, 220 and 221: 

IEEE P8023dj: V1.2: Clause 176/179 Comments Jan 2025

Q-Scale and Jitter components (Rj only)

Jitter PDF (above) -> CDF ->erf   
-> Q-Scale representation of 
edge timing distribution

Instrument acquired histogram (PDF) and it’s integral (CDF)
106Gbd 5mV 0mUI djdirac0mUI

Q-Scale transformed CDF  projected onto a “Q” scale from 0 to 6 sigma.  
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Reference: IEC-TC85-WG22-Noise_Jitter_Compensation_Dec_16_2022: Noise compensation in higher order PAM modulated signals:
Credits: Kalev Sepp

• The JHRMS relies on a “y-intercept” method of determining the random jitter.
• This DJHdd similarly operates on a “x-intercept” of the Q-Scale transformed edge distributions. 

Comments 219, 220 and 221: 
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Q-Scale and Jitter components (Rj + DJ)

Jitter PDF (above) -> CDF ->erf   
-> Q-Scale representation of 
edge timing distribution

Instrument acquired histogram (PDF) and it’s integral (CDF)
106Gbd 5mV 10mUI djdirac50mUI

Q-Scale transformed CDF  projected onto a “Q” scale from 0 to 6 sigma.  

Deterministic Jitter zero 
probability intercept 
(~4.4ps  in this case)

Dual-Dirac Dj(ᵟᵟ)
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RJ Compensation 12-edge Synthetic 5mv RN,40mUI DJ, 31dB Channel 0RJ

12  edge (2 three level transitions, 4 two level transitions 
and 6 single level transitions) provide a distribution of x-
intercepts.   More DJ is present in single level transitions 
than three level transitions. 
Whether we use the RMS of these DJ intercepts, or 
maximum  is something needing research.   One thing is 
very clear that using the composite edge needs to be 
eliminated (see backup). 
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Comments 540, 541:  
As already pointed out, the "jitter measurement" method here doesn't work for the relevant bandwidths, losses and amplitudes. This is particularly 

obvious for J3u03; J4u03 seems to be beyond the state of the art. EOJ should be part of an eye spec like EECQ, not a separate spec item.
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Regarding the “relevant Bandwidths and losses”  there is real concern that a Via has a filter cutoff well below the 
60GHz 4BT prescribed by the current post Via bandwidth in rabinovich_3dj_01_230116

calvin_3dj_01b_2407.pdf (Pg 16) illustrates the impact of lower BW filter selections on Jitter relative to the specified 
60GHz 4BT outlined in clause  178.9.2.  The empirical data supports that the 60GHz 4BT does provide the lowest jitter 
values.  

Clause 179.9.4.6 Output jitter states the following regarding EOJ03

calvin_3dj_01b_2407.pdf (Pg 7) Suggested that the reported EOJ03 should be the RMS (root mean squared)  of the 
two (0->3, 3->0) three level EOJ values.

https://www.ieee802.org/3/dj/public/23_01/23_0116/rabinovich_3dj_01_230116.pdf
https://www.ieee802.org/3/dj/public/24_07/calvin_3dj_01b_2407.pdf
https://www.ieee802.org/3/dj/public/24_07/calvin_3dj_01b_2407.pdf
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• JRMS, JNU and EOJ have all undergone significant “improvement” since our earlier  clause 
120D.3.1.8.1 experiences.  With margins being very restricted, higher accuracy methods 
have been developed through the “Clause 120D experience”.   This presentation proposes 
and provides reference contributions which support advancing the state-of-the-art in jitter 
decomposition as the principal interoperability indicator of transmitter properties. 

• JRMS should translate to  JHRMS which eliminates the impact of interference and 
emphasizes the “Phase Only Jitter” components as cited in gines_3dj_optx_01a_250109 

• EOJ03 is sound from a methodology standpoint, however the composite aspect should be 
eliminated and the RMS (root mean squared) of the rising EOJ03 or the falling EOJ03 
should be reported.   

• JNUH as cited in gines_3dj_optx_01a_250109 needs  experimentation to determine the 
most effective method of DJHdd determination.   One method here is cited and tracks some 
activity in IEC TC85: December 16, 2022 of Q-Scale x-intercept methods.   Other valid 
methods exist and our next meeting will narrow in on better spec’ing JNUH.  

Conclusions
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https://www.ieee802.org/3/dj/public/adhoc/optics/0125_OPTX/gines_3dj_optx_01a_250109.pdf
https://www.ieee802.org/3/dj/public/adhoc/optics/0125_OPTX/gines_3dj_optx_01a_250109.pdf
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Thank you
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• Analysis of the Clause 120D.3.1.8.1  12 edge composite waveform leads to a highly aberrant 
result.  At it’s core the sum of multiple Gaussian Distributions does not yield a Gaussian 
distribution.  The choice of pre-determined edges (12 Edges) results in an internal dependency 
which breaks the Central Limit theorem.  We have pattern dependent determinism.  We should fix 
this and go back to 120D.3.1.8.1 and make some retroactive improvements. 

Backup 
Credits: Kalev Sepp
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