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« We introduced the Channel Capacity

Calculator (CCC) tool in
jonsson_3cy 01 10 28 20 and

updated it in
jonsson 3cy 0Ola 12 01 20

 This contribution updates the CCC
with new enhancements and a bug
fix
- Examples are given of results for the =
updates



https://www.ieee802.org/3/cy/public/adhoc/jonsson_3cy_01a_12_01_20.pdf

Updates In New Version

The following enhancements
have been made to the CCC:

= Minor bug fix for required
Slicer SNR calculation

= Separate modeling of PCB
insertion loss

= New transmit PSD shapes,
including Zero-Order-Hold
added

» Enhanced user interface with

pull-down selection, etc.

m___ |Downstream
Data Rate [ 25] 25|
Target RS-FEC output! 1.00E-12 1.00E-12|
Cable Length 11 000 11.000f
Wire u-reflections limit:|jonsson=12._{ 1+12_0d
Number of Connectors | 2 4
PAM Levels 4] 4
FEC Black Size (n) 360 360)
FEC Data Size (k] 326 326
RS-FEC Correction Efficiency: 100% 100%|
Bits per FEC Symbol 10 10)
TDD Time Duty-Cycle 100% 100%
Framing Overhead 1.875% 1.875%|
Transmit Signal
PSD-mask:|PSD_ZOH [PsD_zoH
Transmit Power [dBm] \ 0 0)
Design Tradeaff
Impulse Error Rate 1.00E-04| 1.00E-04)
AFE-neise [dBm/H -140| -149]
EC cancelation [ B 8|
EC Connector cancelationiey 100%, 100%|
1tation LY 5| 5
Cable I-|mueller_3cy_01_12_01_20_sdp ~
PCB model:|  pcb_kadry o
PCB trace length [m]: 0.0] I:;n”naa”lm of
Connector Echo Model Hs
5 model to use
Temperature [*C] 3
Max Simulation Frequency
Wire u-reflectio
Nyguist Frequency
Channel Insertion Loss @ MNyguist [dB]:
Cable Insertion Loss @ Myquist [dE]:\

SNR
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Signal and Noise

Moise_us = Rx_PSDLuUS

Echo_res_us == loise_ds
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Bug Fix

= Bug reported by Charles Razzell

= The bug was in the calculation of coding gain
from the RS-FEC

= The bug caused around -0.5dB error in SNR
margin

= Nature of the bug:

- Inconsistency in using bits vs symbols in error
calculations

— Used number of bits per FEC symbol to calculate the
required BER at the slicer

- Used number of PAM symbols (not bits) when
calculating the required SNR

= Bug Fix:
- Add factor log2(M) in cells “AE6” and “AF6” in the
“Calculate” tab

- The factor log2(M) gives the number of bits per PAM
symbol for an PAM-M encoding

=1-POWER(1-AE5, 1/Config!B14)

©

=1-POWER(1-AE5,LOG(Config!B10,2)/Config!B14)

PAM Levels: /4
Bits per FEC Symbol: / 10 1
f :l-POWERtl-AES.LOGtConfig!gﬂ.z]ﬁ®4]
AD AE AF

Upstream  Downstrearn
Corectable Errors per FEC Block: 17| 17|
Average Errors per FEC Block:.  1.79E+00]  1.79E+00

Required Slicer BER: 9.95E-04| 9.95E-04
Required Gaussian Slicer BER: 8.95E-04]  B.95E-04|

Required SNR [linear]: 52.50) 52.50
Required SNR [dB]: _ 17.20] 17.20
Freguncy Step [Hz}./ 45,000,000

Sampling Rate [I/z]: 1.4063E+10| 1.4063E+10|
Nyquist Fregquncy I‘-Iz]: 7031250000( 7031250000
RS-OverhlEad: 1.10429448| 1.10429448

Required Slicer SNR[dB]:[ — ® 17.20] 17.20)




PCB Insertion LosS

Simulation Parameters

= Separate modeling of PCB Cable Mode!:] mueller_3cy_01 12 01 20_sdp
insertion loss has been added to -i?f?_ s model)_pebkadn 3002 092
the CCC Connector Echo ModeI; I'-|ard
Temperature [°C]: 20
] Ear“er SUQgEStIOﬂ to add to the Max Simulation Frequency: 9.00E+09

length of the channel was
Insufficient and lead to confusion

= PCB model is taken from
u Length Of the PCB trace Can be From https://www.ieee802.org/3/cy/public/aug20/Kadry 3cy 02 0820.pdf
changed



https://www.ieee802.org/3/cy/public/aug20/Kadry_3cy_02_0820.pdf
https://www.ieee802.org/3/cy/public/aug20/Kadry_3cy_02_0820.pdf

Other Enhancements

= Enhancements to the user
Interface, with pull-down
selections and input message

= New transmit PSD shapes,
Including Zero-Order-Hold and
Butterworth added

= New micro-reflection limit rules
added, but still possible to put a
specific value as well

= New cable models added

17 Transmit Signal

18 PSD-mask:|PSD_ZOH | v D ZOH

19 | Transmit Power [dBm]: ’:’SE' b'i.Ck £4

of the
20 | Design Tradeoff Butterworth P
21 | Impulse Error Rate: poS0-Cystom Susi
T - yrves the transmit Power
22| E-noise [dBm/Hz]: Spectral Density

23 | EC cancelation [dB]:

24 | EC Connector cancelation [%]: .

25 | Implementation Loss [dB]: 5] 5
7 I Wire u-reflections limit:|jonsson*12 08 ~ 1sson*12 |
E Number Of cUnnec‘tDrs: jonsson*10 14 20

= rule for the
9 Meodulation custom rule e
10 PAM Levels:feustom ule2 ____|* ¥ ==
- - function of the micro

11 FEC Block Size (n): PO
12 FEC Data Size (k):

13 RS-FEC Correction Efficiency:

54 =MNH Margin |as): w31 u.sl
40 Wire u-reflections [dEB]: -41.64 -41.64
A4 Blivmict Fromiames T H=T- il T 02
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Example Calculations



Upstream Downstream
Req
Data Rate [Gbps]: 25 25
Target RS-FEC output BER: 1.00E-12 1.00E-12]
Cable Length [m]: 11.000 |11
Wire u-reflections limit: -40 -40)
Number of Connectors: 4 4
PAM Levels: 4 4
FEC Block Size (n): 360 360
FEC Data Size (k): 326 326
RS-FEC Correction Efficiency: 100% 100%
Bits per FEC Symbol: 10 10]
TDD Time Duty-Cycle: 100% 100%
Framing Overhead: 1.875% 1.875%)
Transmit Signal
PSD-mask:|PSD_brick |PSD_brick
Transmit Power [dBm]:l 0| 0)
Design Tradeoff
Impulse Error Rate: 1.00E-04| 1.00E-04
AFE-noise [dBm/Hz]: -140 -140
EC cancelation [dB]: 5 5)
EC Connector cancelation [%]: 100% 100%
Implementation Loss [dB]: | ol 0|
lati v S
Cable Model:| | zimmerman 3cy Ola 112g
PCB model: none
PCB trace length [m]: 0.0762
Connector Echo Model: Hard
Temperature [°C]: 20
Max Simulation Frequency: 9.00E+09
Calculated Values
Upstream Downstream
Theoretical Slicer SNR [dB]: 20.28| 20.28|
Estimated Slicer SNR [dB]: 20.28| 20.28|
Required Slicer SNR [dB]: 17.20 17.20
SNR Margin [dB]: 3.07 3.07
Wire u-reflections [dB]: -40.00| -40.00}
Nyquist Frequency [GHz]: 7.03 7.03
Channel Insertion Loss @ Nyquist [dB]: 29.84 29.84]
Cable Insertion Loss @ Nyquist [dB]: 29.84 29.84]

Effect of The Bug Fix

SNR
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To evaluate the effect of
the bug fix, we can
compare new results with

result on Slide 7 of
jonsson 3cy Ola 12 01 20

With the same
configuration the SNR
margin is now 3.07dB,
compared to 2.49dB
before

Insertion Loss and Echo Transfer Function
[GHz)

—— IL_Cable IL_PcB

—IL

Echo_transfer_us Echo_transfer_ds zimmerman_mask


https://www.ieee802.org/3/cy/public/adhoc/jonsson_3cy_01a_12_01_20.pdf

Effect of the PCB Insertion Loss

Upstream Downstream
Data Rate [Gbps]: 25 25|
Target RS-FEC output BER: 1.00E-12 1.00E-12
Cable Length [m]: 11.000 |__11.000]
Wire u-reflections limit: -40) -40)
Number of Connectors: 4 4
PAM Levels: 4 4
FEC Block Size (n): 360 360}
FEC Data Size (k): 326 326
RS-FEC Correction Efficiency: 100% 100%
Bits per FEC Symbol: 10| 10
TDD Time Duty-Cycle: 100% 100%
Framing Overhead: 1.875% 1.875%)
Transmit Signal
PSD-mask:|PSD_brick |PSD_brick
Transmit Power [dBm]:| 0| 0
Design Tradeoff
Impulse Error Rate: 1.00E-04 1.00E-04
AFE-noise [dBm/Hz]: -140 -140
EC cancelation [dB]: 5 5)
EC Connector cancelation [%]: 100% 100%
Implementation Loss [dB]: | 0 0)
Simulation P:
Cable Model: zimmerman_3cy_01a_1120
PCB model:| |_pch kadry 3cy 02 0820 |

PCB trace length [m]: 0.0762
Connector Echo Model: Hard
Temperature [°C]: 20
Max Simulation Frequency: 9.00E+09
Calculated Values
Upstream Downstream

Theoretical Slicer SNR [dB]: 19.05 19.05
Estimated Slicer SNR [dB]: 19.05 19.05)
Required Slicer SNR [dB]: 17.20 17.20
SNR Margin [dB]: 1.85 1.85
Wire u-reflections [dB]: -40.00 -40.00
Nyquist Frequency [GHz]: 7.03 7.03
Channel Insertion Loss @ Nyquist [dB]: 32.19 32.19
Cable Insertion Loss @ Nyquist [dB]: 29.84 29.84]
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Adding the Insertion Loss
for 3in (0.0762m) PCB
trace reduces the SNR
margin from 3.07dB to
1.85dB

This is a drop of 1.22dB

Insertion Loss and Echo Transfer Function
[GHz)

—— IL_Cable IL_PCB

—IL

Echo_transfer_us Echo_transfer_ds zimmerman_mask



Performance of the Zimmerman mask with realistic implementation values

Upstream Downstream - - - .
Reaul SNR » Realistic implementation
Data Rate [Gbps]: 25 25) a5 H H H
Togat o Fet cutput oon [IEETOT TR values including micro-
Cable Length [m]: 11.000 |__11.000] 1 H 1
Wire u-reflections limit:|j g jonsson*12_08_| 35 reﬂeCtIon Ilm ItS’ ZO H
Number of Connectors: 4 4 20 PSD_maSk, 6dB eChO
PAM Levels: 7 7 I o cancelation, and 5dB
FEC Block Size (n): 360 360} 20 o o
FEC Data size (K] 326 326 implementation loss
RS-FEC Correction Efficiency: 100% 100% 15
Bits per FEC Symbol: 10| 10 A A a
700 Time buty Gyde [ ] = This gives negative
Framing Overhead: 1.875% 1.875% 5 - 1
e 2.18dB SNR-margin
PSD-mask:[PSD_ZOH [psp_zon °! ! 1 [ I 1
Transmit Power [dBm]:| 0| 0| 5
Besigniliadenti ——SNRdB_us  —— SNRdB_ds
Impulse Error Rate: 1.00E-04 1.00E-04 - -
AFE-noise [dBm/Hz]: -140 -140
EC cancelation [dB]: | [3 6| X . . .
EC Connector cancelation [%): 100% 100% Signal and Noise Insertion Loss and Echo Transfer Function
Implementation Loss [dB]: | 5 5) -60 16H] 0 (Gl
Simulation P 0 2 4 6 8 10 Q 2 7 6 8 10
Cable Model:| |zi I 1a 112 70 5
PCB model: pcb_kadry_3cy_02_0820 -80
PCB trace length [m]: 0.0762 0 -10 \ /
Connector Echo Model: Hard
Temperature [°C]: 20 -100 15
Max Simulation Frequency: 9.00E+09
-110 -20
Calculated Values -120 5
Upstream Downstream 130
Theoretical Slicer SNR [dB]: 20.03 20.03| 30
Estimated Slicer SNR [dB]: 15.03 15.03) -140
Required Slicer SNR [dB]: 17.20 17.20 35
SNR Margin [dB]: - 24 150
Wire u-reflections [dB]: - -44.84) -160 -40
Nyquist Frequency [GHz]: A0S A0S Noise_us RX_PSD_us Rx_PSD_ds —— IL_Cable IL_PCB —_IL
Channel Insertion Loss @ Nyquist [dB]: 32.19 32.19 10
Cable Insertion Loss @ Nyquist [dB]: 29.84 29.84) Echo_res_us Noise_ds Echo_transfer_us Echo_transfer_ds zimmerman_mask




Upstream Downstream
Data Rate [Gbps]: 25 25|
Target RS-FEC output BER: 1.00E-12 1.00E-12
Cable Length [m]: 11.000 |__11.000]
Wire u-reflections limit:|j * jonsson*12_08 |
Number of Connectors: 4 4
PAM Levels: 4 4
FEC Block Size (n): 360 360}
FEC Data Size (k): 326 326
RS-FEC Correction Efficiency: 100% 100%
Bits per FEC Symbol: 10| 10)
TDD Time Duty-Cycle: 100% 100%
Framing Overhead: 1.875% 1.875%)
Transmit Signal
PSD-mask:|PSD_ZOH |Psp_zoH
Transmit Power [dBm]:| 0| o)
Design Tradeoff
Impulse Error Rate: 1.00E-04 1.00E-04
AFE-noise [dBm/Hz]: -140 -140
EC cancelation [dB]: | [3 6|
EC Connector cancelation [%]: 100% 100%
Implementation Loss [dB]: | 5 5)
Simulation P:
Cable Model: 1 12 01 2
PCB model: pcb_kadry 3cy 02_0820
PCB trace length [m]: 0.0762
Connector Echo Model: Hard
Temperature [°C]: 20
Max Simulation Frequency: 9.00E+09
Calculated Values
Upstream Downstream
Theoretical Slicer SNR [dB]: 22.51 22.51
Estimated Slicer SNR [dB]: 17.51 17.51
Required Slicer SNR [dB]: 17.20 17.20
SNR Margin [dB]: 0.31 0.31
Wire u-reflections [dB]: -4 -41.64
Nyquist Frequency [GHz]: 7.03 7.03
Channel Insertion Loss @ Nyquist [dB]: 28.99 28.99
Cable Insertion Loss @ Nyquist [dB]: 26.64 26.64]
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——SNRAB_us —— SNRdB_ds
Signal and Noise
[GHz]
2 4 6 8 10
Noise_us Rx_PSD_us Rx_PSD_ds
Echo_res_us Noise_ds

= Same realistic
implementation values as
before

= Using model for SDP
cable from
mueller 3cy 01 12 01 20

» This gives positive 0.31dB
SNR-margin

Insertion Loss and Echo Transfer Function
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https://www.ieee802.org/3/cy/public/adhoc/mueller_3cy_01_12_01_20.pdf

Performance of a good cable at T=95°C

Upstream Downstream
Data Rate [Gbps]: 25 25|
Target RS-FEC output BER: 1.00E-12 1.00E-12
Cable Length [m]: 11.000 |__11.000]
Wire u-reflections limit:|j * jonsson*12_08 |
Number of Connectors: 4 4
PAM Levels: 4 4
FEC Block Size (n): 360 360}
FEC Data Size (k): 326 326
RS-FEC Correction Efficiency: 100% 100%
Bits per FEC Symbol: 10| 10
TDD Time Duty-Cycle: 100% 100%
Framing Overhead: 1.875% 1.875%)
Transmit Signal
PSD-mask:|PSD_ZOH |Psp_zoH
Transmit Power [dBm]:| 0| 0)
Design Tradeoff
Impulse Error Rate: 1.00E-04 1.00E-04
AFE-noise [dBm/Hz]: -140 -140
EC cancelation [dB]: | [3 6|
EC Connector cancelation [%]: 100% 100%
Implementation Loss [dB]: | 5 5)
Simulation P:
Cable Model: 1 12 01 2
PCB model: pcb_kadry 3cy 02_0820
PCB trace length [m]: 0.0762
Connector Echo Model: Hard
Temperature [°C]: lTl
Max Simulation Frequency: 9.00E+09
Calculated Values
Upstream Downstream
Theoretical Slicer SNR [dB]: 21.09 21.09
Estimated Slicer SNR [dB]: 16.09 16.09
Required Slicer SNR [dB]: 17.20 17.20
SNR Margin [dB]: -1.11 -1.11
Wire u-reflections [dB]: - -44.38
Nyquist Frequency [GHz]: 7.03 7.03
Channel Insertion Loss @ Nyquist [dB]: 31.73 31.73]
Cable Insertion Loss @ Nyquist [dB]: 29.38 29.38]
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= The maximum average
temperature is probably in
the range 90-95°C, based

on information in
wienckowski 3cy 01 01 12 21

= This gives negative
1.11dB SNR-margin

Insertion Loss and Echo Transfer Function
[GHz)
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https://www.ieee802.org/3/cy/public/adhoc/wienckowski_3cy_01_01_12_21.pdf

Upstream Downstream
Data Rate [Gbps]: 25 25|
Target RS-FEC output BER: 1.00E-12 1.00E-12
Cable Length [m]: 11.000 |__11.000]
Wire u-reflections limit:|j * jonsson*12_08 |
Number of Connectors: 4 4
PAM Levels: 4 4
FEC Block Size (n): 360 360}
FEC Data Size (k): 326 326
RS-FEC Correction Efficiency: 100% 100%
Bits per FEC Symbol: 10| 10
TDD Time Duty-Cycle: 100% 100%
Framing Overhead: 1.875% 1.875%)
Transmit Signal
PSD-mask:|PSD_ZOH |Psp_zoH
Transmit Power [dBm]:| 1.50 1.5]
Design Tradeoff
Impulse Error Rate: 1.00E-04 1.00E-04
AFE-noise [dBm/Hz]: -140 -140
EC cancelation [dB]: | [3 6|
EC Connector cancelation [%]: 100% 100%
Implementation Loss [dB]: | 5 5)
Simulation P:
Cable Model: 1 12 01 2
PCB model: pcb_kadry 3cy 02_0820
PCB trace length [m]: 0.0762
Connector Echo Model: Hard
Temperature [°C]: lTl
Max Simulation Frequency: 9.00E+09
Calculated Values
Upstream Downstream
Theoretical Slicer SNR [dB]: 22.39 22.39
Estimated Slicer SNR [dB]: 17.39 17.39
Required Slicer SNR [dB]: 17.20 17.20
SNR Margin [dB]: 0.1 0.1
Wire u-reflections [dB]: - -44.38
Nyquist Frequency [GHz]: 7.03 7.03
Channel Insertion Loss @ Nyquist [dB]: 31.73 31.73]
Cable Insertion Loss @ Nyquist [dB]: 29.38 29.38]
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= Same case as previous
slide, but with transmit
power raised to 1.5dBm

= This gives positive 0.19dB
SNR-margin

= This is an example of an
11m cable with positive
SNR-margin

Insertion Loss and Echo Transfer Function
[GHz)
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Simple Reality Check — IEEE 802.3ch Pe

Upstream Downstream
Data Rate [Gbps]: 10| 10}
Target RS-FEC output BER: 1.00E-12 1.00E-12
Cable Length [m]: 15.000 |__15.000)
Wire u-reflections limit: - -40)
Number of Connectors: 6| 6|
PAM Levels: 4 4
FEC Block Size (n): 360 360}
FEC Data Size (k): 326 326
RS-FEC Correction Efficiency: 100% 100%
Bits per FEC Symbol: 10| 10
TDD Time Duty-Cycle: 100% 100%
Framing Overhead: 1.875% 1.875%)
Transmit Signal
PSD-mask:|PSD_ZOH |Psp_zoH
Transmit Power [dBm]:| 0| 0
Design Tradeoff
Impulse Error Rate: 1.00E-04 1.00E-04
AFE-noise [dBm/Hz]: -140 -140
EC cancelation [dB]: | [3 6|
EC Connector cancelation [%]: 100% 100%
Implementation Loss [dB]: | 5 5)
Simulation P:
Cable Model: €9149-18
PCB model: pcb_kadry 3cy 02_0820
PCB trace length [m]: 0.0762
Connector Echo Model: Hard
Temperature [°C]: 20
Max Simulation Frequency: 9.00E+09
Calculated Values
Upstream Downstream
Theoretical Slicer SNR [dB]: 22.22 22.22|
Estimated Slicer SNR [dB]: 17.22 17.22
Required Slicer SNR [dB]: 17.20 17.20
SNR Margin [dB]: 0.02 0.02|
Wire u-reflections [dB]: -40.00 -40.00
Nyquist Frequency [GHz]: 2.81 2.81
Channel Insertion Loss @ Nyquist [dB]: 30.74 30.74]
Cable Insertion Loss @ Nyquist [dB]: 29.74 29.74]
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Signal and Noise

4 6 8
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Echo_res_us Noise_ds

[GHz)

[GHz)
10

Using configuration for
802.3ch at 10Gbps

Same realistic
implementation values as
before

This gives positive 0.02dB
SNR-margin

The simulation passes the
simple reality check

Insertion Loss and Echo Transfer Function
[GHz)

= |L_Cable

IL_PCB —IL
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Scenario Manager

= The Excel Scenario Manager
can be useful for comparing

different cases and to save

scenarios of interest

Data

— ®

98 <8 & I

Group Ungroup Subtotal i

-orecast

= There are 10 predefined cases in
the Scenario Manager

Data Model
e agen.. | Outline

| b
| Goal Se¢ Scenario Manager l
Create different groups of values or ¢

t
& L X 7,,&‘,173] scenarios, and switch between 2—-1—

| them. !
Scenario Manager ? X

Delete

Summary... Use the “Summary” button to

create summary of defined cases

Created by Ragnar Jonsson on 1/7/2021

Modified by Ragnar Jonsson on 1/10/2021

WARNING: The “Show” button does not work correctly
because the spreadsheet has merged cells




Some Observations

P
The Zimmerman strawman IL limit probably has too

much insertion loss
L

>
It may be possible to operate with 25Gbps over real

11m cables, but this requires more in-depth evaluation
-

AN

>
The CCC passes the basic reality check of testing it
against the IEEE 802.3ch requirements

N\

AN




Summary

-

00
_;7

We described updates to
the channel capacity
calculator tool, including
one bug fix

O
o,

For typical model
parameters, the IL limit
introduced in
zimmerman_3cy 0la 1120
has too much insertion loss

o /

There exist simulation
cases where 25Gbps can
realistically operate over

11m
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