
Considerations for the choice of h0

Adam Healey

Broadcom Inc.

IEEE P802.3dj Task Force

September 2023 (r0)



Introduction

• The Channel Operating Margin (COM) calculation includes two terms that 
allocate margin for practical receiver implementations

1. Input-referred noise spectral density h0

2. Minimum COM value required for channel compliance

• There has been a lack of clarity about what h0 is intended to represent and 
this has led to challenges in choosing an appropriate value

• There has been no assessment of the minimum COM value to determine if 
it is sufficient to account for receiver impairments not addressed by h0

• This presentation is intended to start a conversation about these terms
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What should be considered in the value of h0?

• Known sources of noise at the receiver input e.g., ...

• Thermal noise

• Receiver package near-end crosstalk (NEXT)

• Receiver package far-end crosstalk (FEXT)

• It could also include input-referred equivalents to likely sources of noise 
internal to the receiver

• More about this later...
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Receiver package near-end crosstalk
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−50 dB at 53.1 GHz
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Channel Receiver

package

NEXT NEXT

Channel NEXT is included in the channel measurements

input to COM.

Receiver package NEXT should be accounted for in the

COM reference package model.

PSNEXT = 30 log10(f / 53.1 GHz) − 50
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What is the spectral density of the near-end aggressor at this point?



A side note about transmitter and aggressor rise times
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The device model has an s21 characteristic and hence an intrinsic rise time. 

The rise time at the “bump” is the combination of this intrinsic rise time and the impact of the transition

time filter.

Tr , ps Rise time at “bump”, ps

0 4.3

2 4.6

4 5.4

6 6.7

Tr , ps IL at  53.1 GHz at “bump”, dB

0 0.2

2 0.9

4 2.9

6 6.3



Interim summary of the components of input-referred noise 
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Thermal (b)

Package PSNEXT

Component Spectral density, V2/GHz

Thermal 2e−9

Package NEXT 3.6e−9

Package FEXT f.f.s.

Other, margin f.f.s.

Total > 5.6e−9

PSNEXT equivalent (a)

(a) “PSNEXT equivalent” is the flat input spectral density that produces the same PSNEXT RMS voltage at the receiver noise filter output. 

An h0 value of 4e−9 or 5e−9 V2/GHz is not sufficient 

to represent all of the input-referred noise sources

that practical receivers will need to tolerate. 

(b) The thermal noise spectral density is 4kBTR where kB is the Boltzmann constant, T is (125C + 273.15) K, and R is 2Rd = 90 W (matching the COM 

configuration spreadsheet).



What impairments can the minimum COM allocation cover?

• Likely sources of noise internal to the receiver e.g., ...

• Amplifier (gain, continuous-time equalization) output-referred noise

• Amplifier distortion

• Analog-to-digital converter (ADC) effective number of bits (ENOB)

• Sampling time jitter

• Certain noise sources may be better modeled by an additional receiver 
noise term, or referred to the receiver input, due to scaling with loss
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Some test cases for a receiver impairment study
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COM-optimized FFE transfer functions

(1)

(2)

(3)

# Die-die IL, dB Source

1 23.5 mellitz_3dj_03_elec_230504, C2C_withXtalk_Mezz_1_PCB-25mm_25mm_*

2 32.7 mellitz_3dj_02_elec_230504, KRCA_wXTALK_MX_4_PCB-25-25_mm_FO-200-200_mm_CA-200_mm_*

3 40.5 shanbhag_3dj_01_2305, CR_1mOSFPDAC_TP0TP5_25p9dB_PCBHost_4p9dB_*

# Rx Added noise for COM = 3 dB, mV RMS

1 DFE 2.7

2 DFE 1

3 MLSE 0.4

Normalize all of the test cases to COM = 3 dB by adding 

noise at the receiver FFE output.

https://www.ieee802.org/3/dj/public/tools/c2c/mellitz_3dj_03_elec_230504.zip
https://www.ieee802.org/3/dj/public/tools/KR/mellitz_3dj_02_elec_230504.zip
https://www.ieee802.org/3/dj/public/tools/CR/shanbhag_3dj_01_2305.zip


COM implementation penalty due to ADC ENOB
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(1)

(2)

(3)

Solid – DFE

Dashed – MLSE (white, non-Gaussian noise)

# Rx Minimum ENOB for COM > 0 dB

1 DFE 5.2

2 DFE 5.8

3 MLSE 5.6

# Rx COM penalty for ENOB = 6, dB

1 DFE 1.3

2 DFE 2.5

3 MLSE 1.9

NOTE – ENOB is modeled as a flat spectral density at the input to the receiver FFE. It can be equated to low-frequency ENOB since it does not 

include degradation at higher frequency due to jitter. This also means that the jitter impairment is not included in this estimate of the COM penalty.

COM penalty calculation assumes 90% loading of the ADC input.

This one receiver impairment consumes the

bulk of the 3 dB implementation allowance. 

What about the other impairments?



Other consideration for the minimum COM allocation

• Differences between reference equalizer and practical implementation 
e.g., limited number of taps, finite precision arithmetic

• Imprecise performance predictions due to use of approximations

• Optimistic performance predictions due to idealized models
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Summary and next steps

• Commonly-used values for h0 do not appear to be large enough to account 
for the most likely sources for receiver input-referred noise

• Certain receiver impairments can be expected to scale with channel loss

• A fixed allocation for these impairments e.g., a minimum COM, may be too 
generous for low-loss channels and insufficient for high-loss channels

• More explicit accounting of these impairments using new or existing noise 
terms is needed

• This presentation is intended to start a conversation

• The desired outcome of that conversation is consensus on what the noise 
terms represent and values for those noise terms that enable reasonable 
implementations to comply with the standard

• The minimum COM allocation may then need to be revisited based on the 
consensus noise definitions
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Back-up materials
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COM configuration spreadsheet, 1 of 2
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NOTE – This configuration was used exclusively for the purpose of producing the examples shown in this presentation. It is not a proposal for 

COM parameter values.



COM configuration spreadsheet, 2 of 2
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NOTE – This configuration was used exclusively for the purpose of producing the examples shown in this presentation. It is not a proposal for 

COM parameter values.


