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1. Introduction
The sources have previously provided information on problems that have been observed when using ITU-T Recommendation P.862, a.k.a. PESQ when testing UE’s that contain noise suppression algorithms [1]. In this contribution we bring results for additional objective measures and extend the experiments to cover WB and SWB cases. We compare the outputs of three commonly used objective measures, PESQ (ITU-T P.862) [2], POLQA (ITU-T P.863) [3] and 3Quest (ETSI TS 103 106) [4], with the results of ITU-T P.835 [5] listening tests. As well as examining the correlation between each objective measure and the listening test result, we also look at the rank order in different noise conditions, since this is of most interest when comparing handsets. 

2. Proposal
In order to help reduce the problems caused by inappropriate testing the sources would like to add additional clauses to sub-section 5.3 of TR 26.931 comparing the performance of the different objective measures and update the conclusions.
-------------------------------------------------------------------------------------------------------------------------

5.3.4 Experiment 3 WB P.835 v PESQ, POLQA and 3Quest
5.3.4.1 Setup 

The method used was very similar to the one described in 5.3.2.1. However, the UMTS base-station simulator was set to use speech encoding with AMR-WB at 12.65 kbit/s.
5.3.4.2 WB Correlation Results
Figure 7 shows a scatter plot of the subjective P.835 OVRL [1] ratings against objective scores.  The red-colored (+) symbols are for PESQ (MOS-LQOw)[7], while the blue-colored (x) symbols are for the GMOS output from the P.835 predictor of [3] and the green-colored (o) symbols are for POLQA (ITU-T P.863) [9]. 

As for narrowband, the range of the PESQ-WB predictions is compressed relative to the range of the subjective ratings.  Subjective ratings of about 3.5, or midway between “Fair” and “Good” are scored by PESQ P.862.2 at about 1.7, or below “Poor”, and the RMSE is 1.659.
For POLQA, there is some compression and offset of the predictions relative to the subjective ratings, but the compression is not as severe as for PESQ.  Subjective ratings of about 3.5 are predicted as about 2.0 by POLQA, and the RMSE is 1.108. 
The 3Quest-WB scores generally span the same range as the subjective ratings, and fall close to the reference line, without the compression observed in the PESQ predictions.  The RMSE is 0.196; however for some cases, particularly at lower scores, the error can again be large. These larger errors are not unexpected, since during the training phase of 3Quest there was very little data available with low scores.
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Figure 7:
Correlation of P.835 Overall with PESQ-WB (MOS-LQOw), 3Quest (WB) GMOSw and POLQA (WB) (MOS-LQOw)

5.3.4.3 WB Rank Order Results

The graphs in figure 8 compare the scores of the various measures for each of the six phones (A-F), in each noise type.   Figure 9 then shows the number of absolute rank order errors for each metric in each noise type when compared to the results from the listening test. These results do not take account overlapping confidence intervals; hence the errors may be exaggerated, especially for the clean condition where the listening tests results were very similar.
For PESQ-WB the rank order is not preserved, again there are frequent shifts of one and two positions, as well as shifts of three positions in cafeteria and car noise. For POLQA rank order errors are observed, but not as many as for PESQ. There are still frequent single rank switches, but fewer two-rank switches, although there are larger errors observed in the clean condition where the confidence intervals overlap. 3Quest has the best performance; however single rank switches are still common and occasional two and three-rank switches also occur in clean, cafeteria and pub noise.
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Figure 8:
Scores per device and noise type for P.835 Overall, PESQ-WB (MOS-LQOw), 3Quest (WB) GMOSw and POLQA (WB) (MOS-LQOw)
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Figure 9:
Rank Order Errors for each Objective Measure in WB

5.3.5 Experiment 4 SWB P.835 v PESQ, POLQA and 3Quest

5.3.5.1 Setup 

The method used was similar to the one described in 5.3.2.1. However, the following differences should be noted. As commercial super-wideband terminals are not generally available, a mock- up of a handset was used.  The mock-up was the size and shape of a typical mobile handset, and was equipped with several microphones, as in some current commercially available wideband terminals.  The same speech and background noise generation as for NB and WB was used, but recordings were made from the microphones on the mock-up.  The signals were processed with offline processing to produce the noise-reduced signals.  No speech encoding was used.
5.3.5.2 SWB Correlation Results

Figure 10 shows a scatter plot of the subjective P.835 OVRL ratings against objective scores.  The red-colored (+) symbols are for PESQ (MOS-LQOw)[7], while the blue-colored (x) symbols are for the GMOS output from the P.835 predictor of [3] and the green-colored (o) symbols are for POLQA (ITU-T P.863) [9]. 

As expected the WB PESQ results show a poor correlation with the SWB listening scores with an RMSE of 1.458. SWB POLQA scores are more consistent and have an RMSE of 0.815, however they show a similar compression of the range of scores as was observed for NB and WB.  Also as expected, the 3Quest-WB scores are less well correlated in SWB than in WB with an RMSE of 0.345.
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Figure 10:
Correlation of P.835 Overall with PESQ-WB (MOS-LQOw), 3Quest (WB) GMOSw and POLQA (SWB) (MOS-LQOs)

5.3.5.3 SWB Rank Order Results

The graphs in figure 11 compare the scores of the various measures for the mock-up phones with various levels of noise suppression (0-15), in each noise type.   Figure 12 then shows the number of absolute rank order errors for each metric in each noise type when compared to the results from the listening test.

None of the objective measures preserve the rank order of the listening tests for SWB. All three measures have frequent shifts of up to three ranks and occasional larger shifts. POLQA also commonly shifts by four positions.

It can also be seen from the graphs in figure 11 that if these scores were used to try and tune the noise suppression parameter in this algorithm, different results would be obtained depending on which objective measure was used, and in addition none of the measures would reliably select the same optimization as that determined by the human listeners. 
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Figure 11:
Scores per device and noise type for P.835 Overall, PESQ-WB (MOS-LQOw), 3Quest (WB) GMOSw and POLQA (SWB) (MOS-LQOs)  
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Figure 12:
Rank Order Errors for each Objective Measure in SWB
5.3.6 Conclusions

The use of PESQ for assessing the performance of handsets in noise should be avoided. Almost all modern UEs now provide noise suppression as part of their default operation and it is shown that PESQ produces misleading results when used in conjunction with noise suppression algorithms. Using PESQ to compare UE’s is unreliable since a comparison of the results with actual listening tests shows a different rank order between the two tests, i.e. the best PESQ score does not always produce the best overall score from a listening test. The PESQ 
scores (MOS_LQO) also substantially under predict the P.835 OVRL scores obtained from the listening test. In addition, in Annex B of ETSI EG 202 396-3 [8], results for P.835 listening tests are compared to predictions from PESQ and are shown to not correlate well with the subjective results.

Finally, the use of PESQ for comparing handsets may steer manufacturers to tune their algorithms to maximize the PESQ score. For the reasons exposed, such tuning may actually degrade the speech quality as perceived by human listeners.

For WB it is not too surprising that the objective tools that are intended to predict the perceived quality of telephone speech with noise reduction (e.g. 3Quest) perform that task better than tools which were not initially designed to do so.  However there is still room for improvement, as even 3Quest does not preserve the rank order, which can make comparative evaluations unreliable.

For SWB none of the three predictors performed well. Again this is to be expected since PESQ and 3Quest were not designed to be used on SWB speech, and POLQA was not designed for use with noise suppression algorithms. 
Further work is needed to develop more effective objective measures especially for wider bandwidths. It is particularly important to ensure that maximum error and rank order are taken into account as well as just RMSE, which would enable more reliable comparative evaluations of solutions across a range of operation scenarios including different background noises and noise suppression technologies.

-------------------------------------------------------------------------------------------------------------------------
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�“raw PESQ” is often taken to mean the P.862 output, before the mapping to MOS-LQO in P.862.1.
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