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1. Introduction

In S4-141001 [1], Clause 4.3.1, results are reported on subjective ratings of double-talk using the test methods defined in Clause 7.11 of TS 26.132 [2].  This contribution compares the subjective ratings of double-talk to metrics defined in Clause 7.11 of TS 26.132, and also in the updated Appendix III to ITU-T P.502 [3].
2. Methods
The subjective methods are provided in detail in [1].  Results for comparisons are reviewed briefly.
Subjective results
The subjective results for Hand-held Hands-free mode, reported in Clause 4.3.1.2.1.3 of [1], Figures 10 and 11, are reproduced below as Figures 1 and 2.
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Figure 1, SIG results for HHHF (Fig 10 of [1])
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Figure 2 BAK results for HHHF (Fig 11 of [1])

The results for HHHF in DT were selected for comparison as they showed a range of values across the twelve UEs tested.
3GPP Metrics
The Echo Characterization method in 7.11 of [2] defined several categories, as depicted in Figure 3 (taken from Figure 17b5 of [2]), and described in Table 1 (taken from Table 2c of [2]).
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Figure 3 Classification of echo canceller performance (Fig 15b5 of [2])

Table 1 Categories for echo canceller performance classification (Table 2c of [2])

	Category
	Level difference (ΔL)
	Duration (D)
	Description

	A1
	-4 dB ≤ ΔL < 4 dB
	
	Full-duplex and full transparency

	A2
	-15 dB ≤ ΔL < -4 dB
	
	Full-duplex with level loss in Tx

	B
	ΔL < -15 dB
	D < 25 ms
	Very short clipping

	C
	ΔL < -15 dB
	25 ms ≤ D < 150 ms
	Short clipping resulting in loss of syllables

	D
	ΔL < -15 dB
	D ≥ 150 ms
	Clipping resulting in loss of words

	E
	ΔL ≥ 4 dB
	D < 25 ms
	Very short residual echo

	F
	ΔL ≥ 4 dB
	25 ms ≤ D < 150 ms
	Echo bursts

	G
	ΔL ≥ 4 dB
	D ≥ 150 ms
	Continuous echo


The pseudo-code reference algorithm in Annex B.3 of [2] reports not only the fraction of frames in each category, but the level of signal (speech loss or echo presence).  Both class in % of frames, and level in dB, for each category were compared to subjective ratings.

P.502 metric

The method in updated Appendix III of P.502 [3] applies the analysis previously used for artificial (CS) signals to the double-talk sequence used in Clause 7.11 of [2].  Illustrations of the method applied to segment 1 (isolated words) of the double-talk sequence are shown in Figures 4 and 5, taken from Figure III.5 and III.6, respectively, of [3]
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Figure 4 Time signals of single and double talk measurement (top) and corresponding level difference versus time (bottom) [Fig III.5 of (3)]
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Figure 5 Principles of double-talk attenuation per block [Fig III.6 of (3)]
As noted in [3], instead of picking the maximum attenuation per block as is done for CSS< the median over all blocks is reported as As,DT.
3. Results
3.1. Comparison of metrics to SIG ratings
Table 2 contains summary values for the fit of the above-described metrics to the SIG DT ratings.
Table 2 Summary of model fits for SIG
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correl. rmse ANOVA  F BIC

DT class A1 0.763 0.873 0.281 0.0002 8.816

DT class A2 0.270 0.520 0.493 0.0837

DT class B 0.030 0.173 0.568 0.5880

DT class C 0.546 0.739 0.389 0.0060 16.632

DT class D 0.740 0.860 0.294 0.0003 9.942

DT class E 2.00E-06 0.001 0.577 0.9966

DT class F 0.069 0.263 0.556 0.4086

DT class G 0.000 0.000 0.550 na

DT level A1 0.003 0.055 0.576 0.8714

DT level A2 0.543 0.737 0.390 0.0062 16.699

DT level B 0.405 0.636 0.445 0.0262 19.885

DT level C 0.581 0.762 0.373 0.0040 15.675

DT level D 0.403 0.635 0.446 0.0267 19.924

DT level E 0.002 0.045 0.576 0.8952

DT level F 0.157 0.396 0.529 0.2030

DT level G 0.000 0.000 0.550 na

A

s,DT

0.788 0.888 0.265 0.0001 0.747

0.924 0.961 0.167 <0.0001 -2.410

0.981 0.991 0.102 <0.0001 -11.760
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Table 2 reports the R2, correlation, rmse, and ANOVA results for the Class (% frames) and Level (dB atten) according to the 3GPP analysis and for the attenuation analysis of updated Appendix III of P.502.  For some metrics, the Bayes Information Criterion (BIC) is reported, when comparisons between models are made.
In brief, the P.502 attenuation is the best single predictor of the SIG ratings, better than any single metric from the 3GPP analysis (Class or Level), with DT Class A1 being second best.  P.502 explains nearly 80% of the subjective variance with rmse of 0.265.   This compares to 76% of subjective variance explained with rmse of 0.281 for DT Class A1.
Scatter plots for the DT Class A1 and P.502 metrics are shown in Figures 6 and 7, respectively.
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Figure 6 Scatter plot, SIG and DT Class A1
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Figure 7 Scatter plot, SIG and P.502 attenuation

Combining both P.502 and Class A1 results in a model that explains over 92% of the subjective variance with rmse of 0.167.

An optimal (BIC) linear combination of all the metrics results in a model explaining 98% of the subjective variance and rmse of 0.102, which is quite high.  The BIC of the optimal model is nearly 10 units higher than the combination (P.502 and Class A1), indicating this is a much better model, with scatter plot shown in Figure 8.
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Figure 8 Scatter plot, SIG and optimal linear model
Note that the method of Appendix III P.502 can also be used to define double talk type according to P.340 [4].  Figure 9 shows a plot comparing the Type classification to the SIG ratings.
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Figure 9 Comparison of DT Type to SIG ratings

The DT type rating does make a statistically significant distinction between two groups of devices based on SIG ratings.
3.2. Comparison of metrics to background (echo) intrusiveness, BAK, ratings
Table 3 contains summary values for the fit of the above-described metrics to the BAK DT ratings.

Table 3 Summary of model fits for BAK
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correl. rmse ANOVA  F BIC

DT class A1 0.330 0.574 0.391 0.0508

DT class A2 0.234 0.484 0.418 0.1110

DT class B 0.009 0.095 0.475 0.7660

DT class C 0.077 0.277 0.458 0.3812

DT class D 0.003 0.052 0.477 0.8735

DT class E 0.276 0.525 0.406 0.0794

DT class F 0.635 0.797 0.288 0.0019 9.457

DT class G 0.000 0.000 0.455 na

DT level A1 0.383 0.619 0.375 0.0320

DT level A2 0.099 0.314 0.453 0.3204

DT level B 0.116 0.341 0.449 0.2781

DT level C 0.004 0.064 0.476 0.8430

DT level D 0.013 0.115 0.474 0.7220

DT level E 0.641 0.801 0.286 0.0018 9.278

DT level F 0.233 0.483 0.418 0.1118

DT level G 0.000 0.000 0.455 na

A

s,DT

0.000 0.006 0.477 0.9843

0.688 0.829 0.281 0.0053 10.097

0.829 0.910 0.221 0.0020 5.384
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For BAK (intrusiveness of echo), it’s not surprising that the P.502 Attenuation is not a good predictor (essentially 0% of variance with rmse of 0.98).  The best single predictors here are DT Class F (63.5% variance, rmse 0.288) and DT Level E (64% variance, rmse 0.286).  Figures 10 and 11 show scatter plots for Class F and Level E, respectively.
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Figure 10 Scatter plot, BAK and DT Class F
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Figure 11 Scatter plot, BAK and Level E

The BIC-optimal linear combination results in a model explaining nearly 83% of subjective variance, with rmse of 0.221, not as good as the SIG BIC-optimal predictor, but not too bad.  Figure 12 shows a scatter plot of the optimal model.
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Figure 12 Scatter plot, BAK and optimal model

Note that the fits here appear to be dominated by the poor result for one UE.  This may be due to the fact that UEs are often tuned to provide little or no echo under any circumstances, which manifests as a relatively small range of BAK ratings, with the exception of one device. 
4. Conclusions

This contribution compares subjective results for double talk to two classes of metrics.  For speech distortion, SIG, the best single-value predictor among the set considered is the Sending attenuation in double-talk, computed according to the new Appendix III to P.502.  A linear combination of measures including the P.502 attenuation and several measures from Clause 7.11 of TS 26.132 [2] perform substantially better.

In contrast, for echo intrusiveness, BAK, the metrics investigated do not perform as well.  This may be due to the specifics of the UEs used, their echo behavior, or it may be due to spectral aspects of the echo signal that are not captured in the metrics examined here.
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