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Background –Common Mode
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▪ Try to analyze the performance impact due to the 
following two effects
• P/N skew mismatch and other sources of common mode to 

differential conversion (SDC21) from channel 

• AC common-mode (CM) noise

▪ Explore the suitable parameters to constraint SDC21
• SDC21 peak value, IDCR (insertion loss to DC mode conversion ratio), 

INCM (integrated noise due to common mode)

▪ Two approaches of mitigating performance 
degradation due to SDC21
• Add SDC21/IDCR/INCM spec limit

• Modify AC CM spec



Performance Impact – SNR_TX Analysis
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▪ Leverage the matlab code from Rich for further analysis 
[mellitz_3ck_adhoc_01_062420.pdf]
• Sweeping AC CM values on more IEEE channels
• Observing SNR_TX loss vs. SDC21 peak had been observed in 

wu_3ck_01_0720.pdf
• We explored other indicators, IDCR & INCM, in this contribution

http://www.ieee802.org/3/ck/public/adhoc/jun24_20/mellitz_3ck_adhoc_01_062420.pdf
https://www.ieee802.org/3/ck/public/20_07/wu_3ck_01a_0720.pdf


Channels & SDC21 Indicators
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▪ Channels for analysis
• 151 IEEE KR channels + 19 IEEE C2C channels

• Channel list in appendix

▪ SDC21 indicators
• SDC21 peak

▪ The peak value of SDC21 within Nyquist frequency

• IDCR (dB) – insertion loss to crosstalk ratio
▪ IDCR (dB) = SDD21 (dB) – SDC21 (dB) at Nyquist 

frequency 

• INCM – integrated crosstalk noise
▪ Calculate integrated crosstalk noise due to SDC21



Analysis of SDC21 of Channels –Peak SDC21
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Analysis of SDC21 and TX SNR 
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▪ Evaluation of SNR_TX loss vs. SDC21 peak value with 
varying CM noise

 If taking 1 dB SNR_TX loss as threshold,
 It will require SDC21 peak <= -39.1 dB with 

CM noise = 30 mV
 SDC21 peak <= -33.7 dB with CM noise = 

17.5 mV

CM (mV) 30 25 20 17.5 10 1

SDC21 
peak (dB)

-39.1 -37.6 -35.4 -33.7 -20 NA



Analysis of SDC21 and TX SNR 
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▪ Evaluation of SNR_TX loss over SDC21 peak 
value with varying CM noise



Analysis of IDCR and TX SNR (1/2)
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▪ Evaluation of SNR_TX loss vs. IDCR at Nyquist frequency with varying CM noise
• IDCR (in dB) is computed as SDD21 – SDC21

 If taking 1 dB SNR_TX loss as threshold,
 It will require IDCR >= 26.2 dB with CM 

noise = 30 mV
 IDCR >= 17.5 dB with CM noise = 17.5 mV

CM (mV) 30 25 20 17.5 10 1

IDCR (dB) 26.2 23.8 20.2 17.5 NA NA



Analysis of IDCR and TX SNR (1/2)
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▪ Evaluation of SNR_TX loss over IDCR at Nyquist frequency 
with varying CM noise
• IDCR (in dB) is computed as SDD21 – SDC21

 Q: How many channels can pass this spec?
 By outage

20 dB IDCR 

1 dB TX SNR loss 



Analysis of IDCR and TX SNR (2/2)
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▪ Performance criterion: SNR_Tx loss < 1dB and IDCR at Nyquist 
frequency > 20 dB

CM (mV) 30 25 20 17.5 10 1

IDCR 
Outage

45.9 %

SNR_TX 
Outage

61.8 % 35.3 % 24.7 % 20.6 % 4.1 % 0 %

▪ Outage (%)
• # of channels with 

IDCR/SNR_TX loss didn’t 
meet the above criterion 
out of 170 channels



INCM Model – for Xtalk Noise due to SDC21
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▪ INCM: integrated noise due to common mode 
[similar to 92.11.3.6.3]

𝜎𝐶𝑀 = 2 ∙ 

𝑛

𝑊 𝑓𝑛 ∙ 𝑉𝑇𝐹𝑑𝑐

1/2

• 𝑉𝑇𝐹𝑑𝑐: AC CM TF (voltage transfer function)
• Ref: [slide 6 in mellitz_3ck_adhoc_01_061720.pdf]

• Power weight function

𝑊 𝑓𝑛 = 𝐴𝑐𝑚
2 sinc2 𝑓𝑛/𝑓𝑏
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 𝐴𝐶𝑀: CM noise amplitude
 𝐴𝐶𝑀 is 2 times higher than AC CM RMS voltage

 𝑓𝑇𝑟/𝑓𝑟: cut-off frequency for the transmitting/receiving filter

https://www.ieee802.org/3/ck/public/adhoc/jun17_20/mellitz_3ck_adhoc_01_061720.pdf


Analysis of INCM and TX SNR 
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▪ Performance criterion: SNR_Tx loss < 1dB and INCM < 1.5 mV
• INCM: aggregated common mode noise  

CM (mV) 30 25 20 17.5 10 1

INCM 
Outage

1.8 % 0 % 0 % 0 % 0 % 0 %

SNR_TX 
Outage

61.8 % 35.3 % 24.7 % 20.6 % 4.1 % 0 %

▪ Outage (%)
• # of channels with 

INCM/SNR_TX loss didn’t 
meet the above criterion out 
of 170 channels



CM Noise at TP0 vs. TP0v
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▪ CM noise value at TP0 is adopted for analysis of performance 
impact here

▪ Need to derive the relationship of CM noise (RMS) at TP0v to CM 
noise (RMS) at TP0
• Strongly depends on IL (insertion loss) of TP0 to TP0v test fixture
• Suggest the following relationship

▪ 𝐶𝑀 𝑅𝑀𝑆 𝑎𝑡 𝑇𝑃0𝑣 = 𝐶𝑀 𝑅𝑀𝑆 𝑎𝑡 𝑇𝑃0 ∗ 10 −0.5∗𝐼𝐿𝑇𝑃0_𝑇𝑃0𝑣/20 (1)

▪ Where 𝐼𝐿𝑇𝑃0_𝑇𝑃0𝑣 is the insertion loss (dB) of TP0 to TP0v test fixture

TP0 to TP0v IL (dB)
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(m
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) 30 28.1 26.4 24.8 23.4 22.1 20.9

25 23.4 22.0 20.7 19.5 18.4 17.4

20 18.7 17.6 16.5 15.6 14.7 13.9

17.5 16.4 15.4 14.5 13.6 12.9 12.2

10 9.4 8.8 8.3 7.8 7.4 7.0

TP0 to TP0v IL (dB)
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) 30 0.57 1.11 1.65 2.16 2.65 3.14

25 0.57 1.11 1.64 2.16 2.66 3.15

20 0.58 1.11 1.67 2.16 2.67 3.16

17.5 0.56 1.11 1.63 2.19 2.65 3.13

10 0.54 1.11 1.62 2.16 2.62 3.10

Corresponded CM noise value at TP0v (in mV) Ratio (dB) of CM noise at TP0 to CM noise at TP0v



Summary & Discussion
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▪ In order to achieve limited SNR_TX loss, there is 
trade-off between
• AC CM noise

• SDC21/IDCR/INCM

▪ Proposals to mitigate SDC21 impacts by
• Adopt SDC21/IDCR/INCM spec limits

▪ One or all of them

• Modify AC CM noise RMS spec @ TP0v (KR & C2C, 
C163 & A120F)
▪ Define spec @ TP0: 30 mV  17.5 or 20 mV

▪ Derive spec @ TP0v by formula (1) in slide 14 in this 
contribution





Channel Lists (1/3)
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Channel index 1-151: KR
Channel index 152-170: C2C



Channel Lists (2/3)
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Channel index 1-151: KR
Channel index 152-170: C2C



Channel Lists (3/3)
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SNR_TX analysis: leverage the Matlab code from Rich 
[mellitz_3ck_adhoc_01_062420.pdf]

Channel index 1-151: KR
Channel index 152-170: C2C

http://www.ieee802.org/3/ck/public/adhoc/jun24_20/mellitz_3ck_adhoc_01_062420.pdf


TP0-TP0v CM Noise Conversion
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TP0 to TP0v IL (dB)
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17.5 16.5 15.7 14.9 14.1 13.5 12.9

10 9.5 9.0 8.5 8.1 7.7 7.4

TP0 to TP0v IL (dB)
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25 0.50 0.95 1.43 1.85 2.25 2.66

20 0.49 0.96 1.41 1.83 2.27 2.67

17.5 0.51 0.94 1.40 1.88 2.25 2.65

10 0.45 0.92 1.41 1.83 2.27 2.62

TP0 to TP0v IL (dB)
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Corresponded CM noise value at TP0v (in mV) Ratio (dB) of CM noise at TP0 to CM noise at TP0v
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▪ Conversion of AC RMS from TP0 to TP0v done with integration

TP0-TP0v IL 


