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Outline

1. Review of current ETCC methodology

2. Simulation showing inconsistent results with different Rx/Tx DUTs

3. ETCC with receiver compensation

4. Simulation of new approach

5. Experimental demonstration of new approach

6. Proposal summary and suggested editorial changes
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Current ETCC Methodology
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Ref. Rx DSP
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Validating ETCC methodology in simulation

1. DUT Tx (𝐸𝐶𝑇𝑥, 𝑁𝑆𝑅𝑇𝑥) → Ideal Rx = Δ𝑅𝑆𝑁𝑅𝑇𝑥

2. Ideal Tx → DUT Rx (𝐸𝐶𝑅𝑥, 𝑁𝑆𝑅𝑅𝑥) = Δ𝑅𝑆𝑁𝑅𝑅𝑥

3. DUT Tx (𝐸𝐶𝑇𝑥, 𝑁𝑆𝑅𝑇𝑥) → DUT Rx (𝐸𝐶𝑅𝑥, 𝑁𝑆𝑅𝑅𝑥) = Δ𝑅𝑆𝑁𝑅𝑇𝑅𝑥

4. Deembed DUT Rx from (𝐸𝐶𝑇𝑅𝑥, 𝑁𝑆𝑅𝑇𝑅𝑥) to find Δ𝑅𝑆𝑁𝑅𝑇𝑥 (𝑅𝑥 𝑑𝑒𝑒𝑚𝑏𝑒𝑑)

Analytically Δ𝑅𝑆𝑁𝑅𝑇𝑥 (𝑅𝑥 𝑑𝑒𝑒𝑚𝑏𝑒𝑑) = Δ𝑅𝑆𝑁𝑅𝑇𝑥, but what happens

in practice?
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ETCC Simulation
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ETCC Simulation
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ETCC Simulation
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ETCC Simulation
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EC [dB] SNR [dB] ΔRSNRTRx [dB] EC [dB] SNR [dB] ΔRSNRTx [dB]
0.5 23.03 0.98

0.31 24.48 0.63
1.04 20.84 1.98 0.73 23.3 1.2

TRx Tx after deembed
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DUT Tx2 → Ideal Rx

Ideal Tx → DUT Rx2

DUT Tx2 → DUT Rx2
Tx2/ Rx2

EC [dB] SNR [dB] ΔRSNRTRx [dB] EC [dB] SNR [dB] ΔRSNRTx [dB]
0.5 23.03 0.98

0.31 24.48 0.63
1.04 20.84 1.98 0.73 23.3 1.2

EC [dB] SNR [dB] ΔRSNRTRx [dB] EC [dB] SNR [dB] ΔRSNRTx [dB]
0.5 23.03 0.98

0.51 23.79 0.9
1.48 20.84 2.54 0.98 23.9 1.41

EC [dB] SNR [dB] ΔRSNRTRx [dB] EC [dB] SNR [dB] ΔRSNRTx [dB]
0.86 22.96 1.39
0.31 24.48 0.63
1.24 20.88 2.61 1.24 23.37 1.77

EC [dB] SNR [dB] ΔRSNRTRx [dB] EC [dB] SNR [dB] ΔRSNRTx [dB]
0.86 22.96 1.39
0.51 23.79 0.9
2.08 20.92 3.29 1.57 24.06 2.05

TRx Tx after deembed

TRx Tx after deembed

TRx Tx after deembed

TRx Tx after deembed

ETCC Simulation (Different Tx/Rx)

DUT Tx1 → Ideal Rx

Ideal Tx → DUT Rx1

DUT Tx1 → DUT Rx1

Tx1/Rx1

DUT Tx1 → Ideal Rx

Ideal Tx → DUT Rx2

DUT Tx1 → DUT Rx2

Tx1/Rx2

DUT Tx2 → Ideal Rx

Ideal Tx → DUT Rx1

DUT Tx2 → DUT Rx1
Tx2/Rx1
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Issues with current approach

• Issue #1: 𝑁𝑆𝑅𝑅𝑥  & 𝐸𝐶𝑅𝑥 parameters aren’t directly measurable

• In practice there is no “Ideal Tx”

• CW laser method (Keysight) does not capture Rx burden on equalizer 
(underestimates 𝐸𝐶𝑅𝑥 & 𝑁𝑆𝑅𝑅𝑥)

• Issue #2: Deembedding 𝑁𝑆𝑅𝑅𝑥  & 𝐸𝐶𝑅𝑥 from 𝑁𝑆𝑅𝑇𝑅𝑥  & 𝐸𝐶𝑇𝑅𝑥 does not yield 
consistent Δ𝑅𝑆𝑁𝑅𝑇𝑥 results

• Tx DUT and Rx DUT share equalizer resources

𝐸𝐶𝑇𝑅𝑥 > 𝐸𝐶𝑇𝑥 ∙ 𝐸𝐶𝑅𝑥

• Equalizer enhances noise differently depending on its state

𝑁𝑆𝑅𝑇𝑅𝑥 ≠ 𝑁𝑆𝑅𝑇𝑥 + 𝑁𝑆𝑅𝑅𝑥
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Proposed ETCC modification

Same

• Measurement procedure (single capture using reference receiver)

• Digital signal processing pipeline

• 𝐸𝐶 & 𝑁𝑆𝑅 estimation methodology (VASE Noise loading → BER vs. SNRVASE → ENSR 

vs NSRVASE → linear fit)

+

Rx Noise

Whitening

HRx
−1

Rx Comp.
Proposed change: “Receiver Compensation”

A) Receiver Response Equalization: Fixed equalizer to 
compensate receiver frequency response (𝐻𝑅𝑥

−1)

B) Receiver Noise Whitening: Addition of spectrally-shaped 
noise to whiten receiver noise
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+ +
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Rx Noise
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Rx
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Tx
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2
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2
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−1 2
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+ +

Rx

Noise
Rx Noise

Whitening

Rx

𝐻𝑅𝑥 HRx
−1

Rx Comp.

B) Receiver Noise Whitening

𝜂𝑅𝑥 ∗ 𝐻𝑅𝑥
−1 2

𝜂Rx

𝜂𝑅𝑥 ∗ 𝐻𝑅𝑥
−1 2 𝜂Wh𝑖𝑡𝑒𝑛𝑖𝑛𝑔

𝜂Rx−𝑊ℎ𝑖𝑡𝑒𝑛𝑒𝑑

Spectrally-shaped 

noise added to 

“whiten” equalized 

receiver noise
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B) Receiver Noise Whitening
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ETCC with Rx Compensation

+
DSP

BER

VASE

Noise

ETCC
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Rx Noise
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Tx Rx
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ETCCRx Comp.
𝐸𝐶𝑇𝑥
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𝑵𝑺𝑹𝑬𝑻𝑪𝑪,𝒊 =
𝑵𝑽𝑨𝑺𝑬,𝒊 + 𝑵𝑹𝒙−𝑾𝒉𝒊𝒕𝒆𝒏𝒆𝒅

𝑺

NSR calculation 

accounts for whitened 

receiver noise power

Receiver is inherently deembedded in 

ETCC calculation!
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EC [dB] SNR [dB] ΔRSNRTx [dB]
0.5 23.03 0.98

0.52 23.01 1

Tx 1

ETCC Simulation with Rx Compensation

DUT Tx → Ideal Rx

DUT Tx → DUT Rx
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DSP

BER
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ETCC
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Tx + + +

Rx

Noise
Rx Noise
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Tx Rx
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𝐸𝐶𝑇𝑥

𝑁𝑆𝑅𝑇𝑥

Rx Comp.
𝐸𝐶𝑇𝑥
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EC [dB] SNR [dB] ΔRSNRTx [dB]
0.5 23.03 0.98

0.52 23.01 1

EC [dB] SNR [dB] ΔRSNRTx [dB]
0.5 23.03 0.98

0.52 23.04 1

EC [dB] SNR [dB] ΔRSNRTx [dB]
0.86 22.96 1.39
0.88 22.96 1.41

EC [dB] SNR [dB] ΔRSNRTx [dB]
0.86 22.96 1.39
0.88 22.95 1.41

Tx 1

Tx 1

Tx 2

Tx 2

ETCC Simulation with Rx Compensation (Different Tx/Rx)

DUT Tx1 → Ideal Rx

DUT Tx1 → DUT Rx1

DUT Tx1 → Ideal Rx

DUT Tx1 → DUT Rx2

DUT Tx2 → Ideal Rx

DUT Tx2 → DUT Rx1

Tx1/Rx1

Tx1/Rx2

Tx2/Rx1

DUT Tx2 → Ideal Rx

DUT Tx2 → DUT Rx2
Tx2/Rx2
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Experimental Demonstration

Keysight Dataset October 2025

• Anonymous vendor → Keysight N4391C OMA

• 800 ZR sampled @ 256 GS/s

• Three oscilloscope voltage range settings: 80, 120 & 160 [mV]

• Signal power sweep: -10:2:0 (80 mV) | -10:2:2 (120/160 mV) [dBm]

• N4391C OMA includes equalizer

• Noise whitening applied per previous slides

+

Rx Noise

Whitening

HRx
−1

Rx Comp.
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Signal and Rx Noise PSD before whitening

Rx Noise

Rx Noise

Signal

Signal

80 mV range

0 dBm signal power

160 mV range

-6 dBm signal power
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Signal and Rx Noise PSD after whitening

80 mV range

0 dBm signal power

160 mV range

-6 dBm signal power

ETCC Noise

Signal

Signal
14 dB SNR

ETCC Noise
14 dB SNR
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New ETCC Methodology

BER vs. 

SNRETCC

ENSR vs. 
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NSRETCC curve

Ref. Rx

Blind DSP VASE 

Loading
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Experimental Results

All signal powers 

and ranges overlaid

80 mV

120 mV

160 mV

Note: SNR values shifted to 

maintain vendor confidentiality

X
+

X+

<0.09 dB ETCC 

Estimate variation
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ETCC change proposal summary

• Include “Receiver Compensation”
A) Receiver Response Equalization: Fixed equalizer to compensate receiver frequency response

−Requires Rx S21 (PD/TIA/ADC)

B) Receiver Noise Whitening: Addition of spectrally-shaped noise to whiten receiver noise 

−Requires Rx noise spectral shape

• Receiver is inherently deembedded (equalizers are burdened by Tx only, noise 

loading accounts for Rx noise)

• Estimated Δ𝑅𝑆𝑁𝑅 is attributed to the transmitter (ETCC)

• Ancillary changes:

• Remove ECRx, NSRRx, ECTRx, NSRTRx

• Add compensated Rx requirements (frequency response maximum variation, noise power spectral density 
maximum variation, minimum signal-to-receiver-noise)
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Editorial changes: Pg 943 - Calibrated front-end sampling

Current Proposed

Values defined 

in Clause 185, 

187
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Editorial changes: Pg 947 – Parameter definitions

Current Proposed
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Editorial changes: Pg 948 – ETCC derivation

Current Proposed
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Editorial changes: Pg 949 – ETCC calculation

Current Proposed
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Backup
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Scope Range Setting = 80 mV
Signal Power = 0 dBm

X-I/Q (Signal/Noise) Y-I/Q (Signal/Noise)
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Scope Range Setting = 120 mV
Signal Power = 0 dBm

X-I/Q (Signal/Noise) Y-I/Q (Signal/Noise)
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Scope Range Setting = 160 mV
Signal Power = 0 dBm

X-I/Q (Signal/Noise) Y-I/Q (Signal/Noise)
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Noise Whitening

𝜼𝑻𝒂𝒓𝒈𝒆𝒕

𝜼𝑹𝒙. 𝑯𝑹𝒙
−𝟏 𝟐

𝜼𝑾𝒉𝒊𝒕𝒆𝒏𝒊𝒏𝒈

𝑩(𝟏 + 𝜶)

𝜼𝑷𝒆𝒂𝒌
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