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1. Introduction

In Permanent document EATS-3 (S4-11115) Common Subjective Testing Framework for Validation of P.835 Test Predictors, there are still discussions on the number of votes per sample to be considered in P.835 subjective tests.
Orange has just ended a P.835 subjective test dedicated to the evaluation of 6 different wideband mobile devices, with 24 naive participants. Orange provides in this contribution some inputs on the minimum votes per sample required to get the actual average score.
2. Description of Orange P.835 subjective test

The goal of this test was to evaluate the performance of noise reduction embedded in existing wideband mobiles terminals. The test was based on:
· the use of 6 different wideband mobile devices which were chosen so as to span the maximum range of performance evaluated as per GSMA specifications (see Figure 1);
· the use of 5 different background noises taken from ETSI EG 202-396-1 database at their nominal level and nominal level +/- 6 dB;
· the use of 6 talkers (3 males, 3 females), 2 sentences per talker;
· the use of 24 naïve participants.
In this P.835 subjective test, “new” reference conditions were included, i.e. 'Wiener filtering' of source signals were used instead of the classical MNRUs. For further details please report to contribution S4-120152 “On P.835 reference conditions”. These reference conditions allow covering most of the MOS scale for SIG (S-MOS), BAK (N-MOS) and OVL (G-MOS).
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Figure 1. NR performance (as per GSMA specification) 
of wideband mobile terminals involved in Orange P.835 subjective test
3. Analysis of P.835 votes
In order to determine how many votes per sample are required to get a stable P.835 MOS for each dimension (SIG, BAK and OVL), an analysis was made on the individual P.835 subjective votes. The analysis considers both:

· Evaluating the average score as a function of the number of participants (i.e. from 1 to 24 in our test) for each evaluated sample
· Evaluating the difference between actual MOS and the average score as a function of the number of participants.
This approach shows how stable the MOS scores typically get based on the number of participants per condition. It gives a nice visual overview about the MOS stability. Note that for the sake of clarity only one sample from the evaluated conditions is plotted in figures 2 to 7. 
From this simple analysis, it can be concluded that the number of participants required to get a stable score is dependent on the evaluated dimension (SIG, BAK, OVL). The dimension SIG appears to the most demanding and requires at least 16 participants to get an average score not too far from the actual one based on 24 participants. As for BAK and OVL dimensions, a reduced number of participants would be sufficient to get a reliable average score.
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Figure 2. Convergence of the average score according to the number of participants (SIG)
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Figure 3. Stability of the difference according to the number of participants (SIG)
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Figure 4. Convergence of the average score according to the number of participants (BAK)
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Figure 5. Stability of the difference according to the number of participants (BAK)
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Figure 6. Convergence of the average score according to the number of participants (OVL)
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Figure 7. Stability of the difference according to the number of participants (OVL)
A complementary study of the MOS confidence interval as a function of the number of participants is presented in annex of this contribution. The conclusions are the same as for the direct inspection of scores according to the number of participants.
4. Proposal
Based on the evidence brought by the internal P.835 subjective test, it is proposed to use a minimum of 16 votes per sample in each P.835 subjective test.
Annex – Confidence interval evolution according the number of subject

From data for a given condition (in our case a condition means an evaluated sample) and 24 subjects, the empirical normal law is estimated (Mean, StDev). According to this law, individual MOS scores corresponding to a virtual subject answering to the condition can thus be generated by a random draw.

Considering a given number of subjects (in a range from 1 to 24), it is thus possible to simulate the mean MOS score than can be obtained in a virtual experiment for this given condition. 

When experiments are repeated, the 95% confidence interval is defined by the interval containing 95% of the mean values. The top and bottom of intervals are estimated by the percentile 97.5% and 2.5%. 

Figures A1, A2 and A3 show the results for a repetition of 10000 experiments for respectively the S-MOS, N-MOS and G-MOS scores for one condition in the test. The confidence interval in red color is the one obtained from original data using classical computation ([image: image9.png]


). The first comment is that confidence intervals are much higher for S-MOS than for the two other dimensions. The second comment is that it is easier to limit the number of votes for N-MOS and G-MOS than for S-MOS: 12 votes might be considered as sufficient for N-MOS and G-MOS whereas it is still not sufficient for S-MOS.
The results obtained on our whole test data confirm that the minimum number of subjects to be considered in our experiment in order to have an optimal confidence interval had to be greater or equal to 16. Limiting the number of votes to a smaller number increases the risk to get not reliable scores.
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Figure A1. Confidence interval evolution for S-MOS
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Figure A2. Confidence interval evolution for N-MOS
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Figure A3. Confidence interval evolution for G-MOS
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