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Current Extrapolation for bin 16
Based on linear model of log10 of Hm(k), Hm(k) = portion of bin k from total #FEC blocks

• Quotation from 180.9.14 Receiver sensitivity, page 492 :

"NOTE—In order to predict whether a receiver meets the BLER requirement in a short test time, 
extrapolation of the measured histogram (see 174A.9.3) to Hm(16) can be performed. One way of 
doing this is using a linear fit of log10(Hm(k)) for k = (n – 2) to n, where these values of k are the 
three highest bins having a count of 10 or more. If the slope of the histogram over the measured 
bins is increasing, it might be an indication of not meeting the BLER requirement. To verify that the 
slope is not increasing, the values of (log10(Hm(k)) – log10(Hm(4))) / (k – 4) should be less than 
(log10(Hm(4)) – log10(Hm(2))) / 2 for each k greater than 4."

• However, the linear model of log10 of portion of uncorrelated errors is:
• Biased towards false failures
• With excessive scatter over random scenarios

2



The model is biased up (1)
• The extent of bias is meaningful towards false failures of marginally passing links
• The table below shows the model bias vs. binomial distribution values, for bin16 and not BLER
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The model is biased up (2)
Summary table
• The extent of bias is meaningful towards false failures of marginally passing links
• The table below shows the model bias vs. binomial distribution values, for bin16 and not BLER
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Max bin >=10 Min duration with BER = 2.28e-4 Extrapolated Bin 16 Model bias: Log10 (𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬 𝒃𝒃𝒃𝒃𝒃𝒃 𝟏𝟏𝟏𝟏
𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝒃𝒃𝒃𝒃𝒃𝒃 𝟏𝟏𝟏𝟏

)=Log10 (𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬 𝒃𝒃𝒃𝒃𝒃𝒃 𝟏𝟏𝟏𝟏
𝟑𝟑.𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔−𝟏𝟏𝟏𝟏∗

)

11 >=4[Sec], Hm(11)=11 1.57e-12 0.637

12 >=36[Sec], Hm(12)=10 9.42e-13 0.415

13 >=6:17[Min:Sec], Hm(13)=10 6.42e-13 0.245

14 >=1:13[Hours:Min], Hm(14)=10 4.87e-13 0.129

15 >=14:57[Hours:Min], Hm(15)=10 4.05e-13 0.049

*Target bin16 with uncorrelated BER 2.28e-4 = 3.619e-13



The Monte Carlo Analysis (1)
• Draw 10,000 cases of Histogram bins Hm(k), per 3 durations X  3 BER

• Durations: 60[Sec], 10[Min] and 60[Min], BER values: 2.28e-4 (target), 2.0e-4 and 2.177e-4 (BLER that is ½ vs. BLER with 2.28e-4)
• Per case execute the 180.9.14 log10-linear extrapolation and the proposed binomial extrapolation
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The Monte Carlo Analysis (2)
• Draw 10,000 cases of Histogram bins Hm(k), per 3 durations X  3 BER

• Durations: 60[Sec], 10[Min] and 60[Min], BER values: 2.281e-4 (target), 2.0e-4 and 2.177e-4 (BLER that is ½ vs. BLER with 2.28e-4)
• Per case execute the 180.9.14 log10-linear extrapolation and the proposed binomial extrapolation
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180.9.14 log10 linear model distribution (1)
Target BER=2.28e-4, leading to BLER=3.84e-13, vs. BER=2.0e-4 leading to BLER=5.42e-14 (-85.9%)
• Wide scatter over random scenarios, based on Monte Carlo draws
• Probability of more than 80% for failure of marginal links (uncorrelated BER of 2.281e-4), that should pass with 50%

• For duration of 60[Sec], there’s ~18% for false failure for links with uncorrelated BER of 2e-4, that should always pass
• The figures below show the CCDF (Complementary CDF = probability of X value and above/worse) of current extrapolation scheme for 1X links
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180.9.14 log10 linear model distribution (2)
Target BER=2.281e-4, leading to BLER=3.84e-13, vs. BER=2.177e-4 leading to BLER=1.92e-13 (-50%)
• High probability of false failure for links with BLER that is 50% lower than target (1.92e-13), that should always pass 
• The figures below show the CCDF (Complementary CDF = probability of X value and above/worse) of current extrapolation scheme for 1X links
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• Equivalent RSSER(k): The RSSER for which the portion of histogram k fits the binomial distribution function

• Proposed extrapolation:
• Find Equivalent RSSER for max nonzero histogram with count of 10 or more

• Extrapolated bin 16 = ∑k=16
544 544!

k! 544−k !
Equivalent RSSERk(1 − Equivalent RSSER)544−k

• Alternatively see if the following is satisfied for max nonzero histogram k with count of 10 or more

Proposed Remedy – Model
Use directly the binomial distribution function which has no bias
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Hmax k = H k
n!

k! n − k !
RSSERk(1 − RSSER)n−k=

Number of FEC blocks with k RS symbol errors
Total Number of FEC blocks

n!
k! n − k !

Target RSSERk(1 − Target RSSER)n−k=
Number of FEC blocks with k RS symbol errors

Total Number of FEC blocks



Proposed remedy binomial model distribution (1)
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• Narrow scatter over random scenarios, based on Monte Carlo draws
• Reduces the probability for failure of marginal links (uncorrelated BER of 2.218e-4), that should pass with 50%
• Secures that links with uncorrelated BER of 2e-4 will pass, equivalent to 0.09[dB]/0.045[dBo] margin
• The figures below show the CCDF (Complementary CDF = probability of X value and above/worse) of the proposed extrapolation scheme for 1X links



Proposed remedy binomial model distribution (2)
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• Very meaningful drop of the probability of false failure for links with BLER that is 50% lower (1.92e-13), equivalent to 0.032[dB]/0.016[dBo] margin
• The figures below show the CCDF (Complementary CDF = probability of X value and above/worse) of the proposed extrapolation scheme for 1X links



Proposed Remedy – Text

Replace the paragraph quoted from “180.9.14 Receiver sensitivity” with the following:
• NOTE—In order to predict whether a receiver meets the BLER requirement in a short test 

time, extrapolation of the measured histogram (see 174A.9.3) to Hm(16) can be performed. 
This can be done by using binomial distribution model for uncorrelated errors as follows:
For the highest bin having count of 10 or more, find which RS SER in equation 174A-5 would 
lead to that count from the total amount of FEC blocks. Then estimate Hm(16) by 
accumulating equation 174A-5 with the found RS SER over bins 16 and above.

Alternatively, plug the target RS SER for the scenario into equation 174A-5 and see if the 
count of the highest bin having count of 10 or more is not higher than that value.
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Backup Slides
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180.9.14 log10 linear model distribution (3)
Explanation of step in the CCDF
• The step in the CCDF (Complementary CDF = probability of X value and above/worse) for duration of 60[Sec] and for 600[Sec] results from having 2 values of max 

nonzero bins, where each of them has quite different bias.

14



180.9.14 log10 linear model distribution (4)
Explanation of step in the CCDF
• The step in the CCDF (Complementary CDF = probability of X value and above/worse) for duration of 60[Sec] and for 600[Sec] results from having dichotomic 

partitioning of the max nonzero bin being used, where each of the 2 max nonzero bin has quite different bias.
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The Monte Carlo Analysis for P-lanes (1)
• Same flow as for 1X, only preceded by convolving the P-lanes bins values
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The Monte Carlo Analysis for P-lanes (1)
Numerical example – figure 
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The Monte Carlo Analysis for P-lanes (2)
Numerical example - table
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For p-lanes: 180.9.14 log10 linear model distribution (3)
Extremely narrowed
Target BER=2.28e-4, leading to BLER=3.84e-13, vs. BER=2.0e-4 leading to BLER=5.42e-14 (-85.9%)
• The figure below shows that for 4-lanes there is much narrower scatter vs. per single lane
• Reason is that 100% of the cases get to same highest bin post convolution
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For p-lanes: 180.9.14 log10 linear model distribution (4)
Target BER=2.28e-4, leading to BLER=3.84e-13, vs. BER=2.0e-4 leading to BLER=5.42e-14 (-85.9%)

• The figure below shows that for 4-lanes there is much narrower scatter vs. per single lane
• Reason is that post convolution, the highest bin is fixed over the 10,000 draws
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Correlation impact on model bias (1)
• As correlation of RS symbol errors increases the model bias is reduced
• With the used model* the correlation leading to negative bias (false pass) is only for failing links
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Max bin >=10
Fixed Burstiness**=1.00 Fixed Burstiness**=1.05 Fixed Burstiness**=1.1

Extrapolated Bin 16 Model bias Extrapolated Bin 16 Model bias Extrapolated Bin 16 Model bias

11 1.57e-12 0.637 2.91e-13 -0.094 6.16e-14 -0.769

12 9.42e-13 0.415 2.95e-13 -0.088 1.02e-13 -0.551

13 6.42e-13 0.245 3.09e-13 -0.068 1.59e-13 -0.359

14 4.87e-13 0.129 3.27e-13 -0.043 2.28e-13 -0.200

15 4.05e-13 0.049 3.46e-13 -0.019 3.00e-13 -0.082

*Assuming Equivalent RSSER of 2.28e-3 for bin 16, and rising to this RSSER with fixed burstiness from the bins used for extrapolation
**Definition: Burstiness = Equivalent RSSER of bin (n) / Equivalent RSSER of bin (n – 1)



Correlation impact on model bias
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*Assuming Equivalent RSSER of 2.28e-3 for bin 16, rising to this RSSER with fixed burstiness from the lowest bin used for extrapolation
**Definition: Burstiness = Equivalent RSSER of bin (n) / Equivalent RSSER of bin (n – 1)
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