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A simple model
• Considers modulation levels at time-centre of eye opening
• Assumes receiver noise limited (RIN is negligible) 

• so that optimized thresholds are in the middle of each sub-eye

• 3 cases, each with same OMAouter: 
• Symmetric compression around Pave

• Top eye only compression
• Asymmetric power compression (higher optical levels see more compression)

• Calculate modulation levels, D3.0 thresholds, optimum thresholds, RLM, Q penalty
• Q penalty is calculated from the average of the partial error probabilities for each modulation 

level and nearest threshold pair (analogous to the calculations performed in TDECQ; Q 
penalty is a proxy for TDECQ) 2
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RLM
proposed as a spec to 
limit sub-eye inequality

• Optical RLM: Optical modulation levels substituted for the voltage definition here:

and 

RLM = min( (3xES1), (3xES2), 2-(3xES1), (2-3xES2) )

𝐸𝐸𝐸𝐸𝐸 =
𝑃𝑃1 − 𝑃𝑃𝑃𝑃𝑃𝑃𝑑𝑑
𝑃𝑃0 − 𝑃𝑃𝑃𝑃𝑃𝑃𝑑𝑑

𝐸𝐸𝐸𝐸𝐸 =
𝑃𝑃2 − 𝑃𝑃𝑃𝑃𝑃𝑃𝑑𝑑
𝑃𝑃3 − 𝑃𝑃𝑃𝑃𝑃𝑃𝑑𝑑

𝑃𝑃𝑃𝑃𝑃𝑃𝑑𝑑 =
𝑃𝑃0 − 𝑃𝑃3
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D3.0 thresholds Optimum thresholds

4

𝑂𝑂𝑂𝑂𝑂𝑂 𝑃𝑃𝑂𝑂𝑃1 =

𝑃𝑃0 + 𝑃𝑃1
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𝑂𝑂𝑂𝑂𝑂𝑂 𝑃𝑃𝑂𝑂𝑃2 =
𝑃𝑃1 + 𝑃𝑃2
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𝑂𝑂𝑂𝑂𝑂𝑂 𝑃𝑃𝑂𝑂𝑃3 =
𝑃𝑃2 + 𝑃𝑃3
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𝐷𝐷𝐷.0 𝑃𝑃𝑂𝑂𝑃2 =
𝑃𝑃0 + 𝑃𝑃1 + 𝑃𝑃2 + 𝑃𝑃3
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𝐷𝐷𝐷.0 𝑃𝑃𝑂𝑂𝑃1 = 𝑃𝑃𝑂𝑂𝑃𝐸 −
𝑃𝑃3 − 𝑃𝑃0
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𝐷𝐷𝐷.0 𝑃𝑃𝑂𝑂𝑃3 = 𝑃𝑃𝑂𝑂𝑃𝐸 +

𝑃𝑃3 − 𝑃𝑃0
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Modulation levels, D3.0 and 
optimum thresholds, for 
various RLM
• ‘D3.0’ thresholds are as defined in 

clause 121 (dashed blue); 
‘Optimum’ thresholds set to mid 
point of each sub eye (red dots)

• Symmetric distortion produces 
largest difference between the D3.0 
and optimum thresholds: 

• 2.5 % of OMAouter at RLM = 0.7
• 0.8% of OMAouter at RLM = 0.9
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RLM=1 RLM=0.804 RLM=0.624 RLM=.482 RLM=0.357

RLM=1 RLM=0.807 RLM=0.625 RLM=.481 RLM=0.355

RLM=1 RLM=0.728 RLM=0.453 RLM=0.219 RLM=0.0

Eye test



Modulation levels, D3.0 and 
optimum thresholds, for 
various RLM
• Eye inequality is small for RLM > 0.7
• ‘D3.0’ thresholds are as defined in 

clause 121 (dashed blue); 
‘Optimum’ thresholds set to mid 
point of each sub eye (red dots)

• Symmetric distortion produces 
largest difference between the D3.0 
and optimum thresholds: 

• 1.6% % of OMAouter at RLM = 0.8
• 0.8% of OMAouter at RLM = 0.9
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RLM=1 RLM=0.95 RLM=0.9 RLM=0.8 RLM=0.7Eye test



Table of results
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Q penalty vs RLM

• Symmetric eye inequality produces higher penalty than other forms 
of eye distortion

• RLM is a poor predictor of Q penalty
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Q penalty vs RLM (expanded view for RLM > 0.7)

• The Q penalty difference between D3.0 threshold definitions and 
optimized thresholds is ≤ 0.05 dB for RLM ≥ 0.9

• RLM is a poor predictor of Q penalty 
• Avoid using it as a spec limit 9



Difference in thresholds vs RLM
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• Top plot shows the absolute 
difference between D3.0 and 
optimum thresholds, as fraction 
of OMAouter

• RLM is a poor predictor of the 
difference between D3.0 
thresholds and optimized 
thresholds



Q penalty vs threshold difference (D3.0 vs optimum)

• Threshold difference is a bad predictor of Q penalty
• Avoid using it as a spec limit
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Q penalty (optimum) vs Q penalty (D3.0)

• Q penalty (D3.0) is a reasonable predictor of worst case penalty for a 
receiver with optimized thresholds

• Q penalty (D3.0) is a proxy for TDECQ with D3.0 definitions 
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Concluding remarks

• D3.0 definition of TDECQ limits sub-eye inequality by using thresholds 
which are referenced only to OMAouter and average power

• D3.0 definition of TDECQ is a good predictor of worst case penalty for 
optimized thresholds

• RLM is a poor predictor of Q penalty due to unequal sub-eyes
• The difference between D3.0 thresholds and optimum thresholds is a 

poor predictor of Q penalty due to unequal sub-eyes
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