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Eye Diagram Based on Scatter Plots
• R1-263: Don’t interpolate

• Based on phase steps of T/120
• Density can be increased by choosing denser 

phase grid

• R1-97: Histogram locations need not be 
optimal, but must be centered around the 
discontinuity + T/2.

• As Comment R1-96 notes, an eye diagram is 
not required to construct the histograms.

• R1-96 suggests removing the description  of 
how the eye diagram is created

• The description helps the reader understand 
what is meant by an eye diagram when the 
reference equalizer is T-spaced and should be 
kept as long as the eye diagram is normative.

• The text could be modified to say that this 
method is an example of how the eye diagram is 
created such that it does not prohibit other 
methods. (see next page).

• If the eye diagram is illustrative, the explanation 
can be dropped
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Symbol Error Rate Estimation

• Refer to  swenson_3dj_adhoc_01a_260624.pdf at 
https://www.ieee802.org/3/dj/public/adhoc/optics/0626_OPTX/swenso
n_3dj_adhoc_01a_260624.pdf

• Q-function-based method proposed in comments listed are 
straightforward, fast, easier to understand, and more accurate than the 
current histogram-based methodology

• R1-103 suggests a reorganization and rewrite that includes Q-function-
based estimation of the symbol error rate with knowledge of the 
transmitted sequence

• R1-229 and R1-230 suggest using Q-function and knowledge of 
transmitted sequence, respectively
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Methodology
• Appendix 1 gives details on an MMSE algorithm that achieves 

repeatable results and has been implemented by several parties
• There is no evidence that blind search gives substantially better or 

different results
• The qualifier that better results can be used should be eliminated

• Even if better results can be achieved, that should not be adopted unless a 
methodology is specified to enable repeatability

• If the committee desires, algorithms to improve results could be investigated
• For example, minimize mean squared error at multiple points:

• 𝜙𝜙0 - .05T and 𝜙𝜙0 + .05 T 𝑒𝑒2 = 𝑒𝑒𝐿𝐿2 + 𝑒𝑒𝑅𝑅2

• or 𝜙𝜙0, 𝜙𝜙0 - .05T, and 𝜙𝜙0 + .05 T 𝑒𝑒2 = 𝑒𝑒02 + 𝑒𝑒𝐿𝐿2 + 𝑒𝑒𝑅𝑅2

• Minor change from current algorithm
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Tests with Simulated Waveforms

• Following includes testing with unconstrained equalizer tap 
optimization

• Constrained optimization to be added

• Optical transmitter modeled
• Square pulses into 3-pole Butterworth filter with specified 3-dB 

bandwidth
• Electrical input into Mach-Zehnder push-pull modulator biased at 

quadrature
• Various modulation depths and arm drive mismatch modeled
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Results for Simulated Optical Waveform
Electrical BW = 53 GHz, MZM, OMA = .71 mW, ER = 7.7dB; TDECQ = .56 dB

a_optimized =  -3, but similar TDECQ results at a=-2, a=-1

Feedfoward Taps: -0.0018595   0.0097551   -0.088159   1.012
 0.066199   0.0016139  -0.0058612  0.0026031
 0.00062424 -0.00016547   0.0011562  -0.0010536
 0.00048185   0.0026784 -5.2641e-05

Feedback Tap: 0.0210

All taps compliant with Table 180-16
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Sampling Phase Sensitivity and Threshold Deviation Limits

• Sampling phase sensitivity is well behaved (bowl shaped); No need to search over 
entire range

• Threshold deviations near optimal sampling phase are within ±1% limits
• However, at optimal phase, deviation of lower threshold reaches limit.  May want to expand 

limits
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Appendix 1
MMSE Calculation of Reference Equalizer Taps
for TDECQ
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Acknowledgement to Hansel D’Silva for correcting numerical error in autocorrelation matrix
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Appendix 2
Analytical Derivation: Noise Autocorrelation of a
4-Pole Bessel-Thomson Filter
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