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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].  In S4-141171 [3], a preliminary analysis comparing objective metrics to the subjective ratings was provided.  This contribution extends that analysis.
2. Methods
The subjective methods are provided in detail in [1].  Results for comparisons are reviewed briefly.
Subjective results
The subjective results reported in Clause 4.3.1.2.3 of [1] are reproduced here for convenience.  Results for Handset (HS) mode (Figures 7 and 8 from [1]) are reproduced below as Figures 1 and 2, for SIG and BAK, respectively. Results for Hand-held hands-free (HHHF) mode (Figures 10 and 11of [1), are reproduced below as Figures 3 and 4, for SIG and BAK, respectively.
In these figures, the red-colored bars show the result for Double-Talk (DT) conditions while the blue-colored bars show the results for Single-Talk (ST) conditions.
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Figure 1, SIG results for Handset (HS) (Fig 7 of [1])
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Figure 2 BAK results for Handset (HS) (Fig 8 of [1])
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Figure 3 SIG results for HHHF (Fig 10 of [1])

[image: image4.emf]1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

A B C D E F G H I J K L

BAK

Device

HHS-ST

HHS-DT


Figure 4 BAK results for HHHF (Fig 11 of [1])
In [3], comparisons of predictions were shown only for HHHF DT results.  In this contribution, comparisons will be made for both HS and HHHF results, and where possible for ST results.
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 5 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 [4] 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 6 Time signals of single and double talk measurement (top) and corresponding level difference versus time (bottom) [Fig III.5 of (4)]
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Figure 7 Principles of double-talk attenuation per block [Fig III.6 of (4)]
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.
P.863 metric

At TSG-SA#481, it was noted that P.863 [5] may be considered as a predictor of listening speech quality.  Also, there have been some applications of P.863 to double-talk known in the industry.  
Based on guidance from P.863.1 [6], the narrow-band mode of P.863 was selected as the listening assessments were conducted in narrow-band.  However, as the stimuli were collected acoustically, via presentation via HATS, with subsequent electrical recording, the super-wideband mode of P.863 is also considered.  Note that while there are only two sentence pairs used, the ‘transparency test’ of [6] applied to these two pairs results in MOS-LOQw of 4.75.  Results reported below are based on the average of P.863 scores for the two sentence pairs in each condition.
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 for both HS and HHHF combined.
Table 2 Summary of model fits for SIG DT
	SIG
	R2
	correl.
	rmse
	ANOVA  F

	3GPP
	Atten Class
	DT class A1
	0.963
	0.981
	0.256
	<0.0001

	
	
	DT class A2
	0.329
	0.574
	1.091
	0.0034

	
	
	DT class B
	0.591
	0.769
	0.851
	<0.0001

	
	
	DT class C
	0.921
	0.960
	0.375
	<0.0001

	
	
	DT class D
	0.693
	0.832
	0.739
	<0.0001

	
	Echo Class
	DT class E
	0.000
	0.021
	0.577
	0.9216

	
	
	DT class F
	0.153
	0.391
	1.226
	0.0590

	
	
	DT class G
	0.000
	0.000
	1.303
	na

	
	Atten Level
	DT level A1
	0.680
	0.825
	0.754
	<0.0001

	
	
	DT level A2
	0.668
	0.817
	0.767
	<0.0001

	
	
	DT level B
	0.589
	0.767
	0.854
	<0.0001

	
	
	DT level C
	0.718
	0.847
	0.797
	<0.0001

	
	
	DT level D
	0.811
	0.901
	0.580
	<0.0001

	
	Echo Level
	DT level E
	0.000
	0.004
	1.332
	0.9837

	
	
	DT level F
	0.199
	0.446
	1.192
	0.0289

	
	
	DT level G
	0.000
	0.000
	1.303
	na

	P.502
	As,DT
	0.812
	0.901
	0.578
	<0.0001

	P.863
	MOS-LQOn
	0.989
	0.994
	0.189
	<0.0001

	
	MOS-LQOw
	0.848
	0.921
	0.518
	<0.0001


Table 2 reports the R2, correlation, rmse, and ANOVA results for the Class (% frames) and Level (dB atten) according to the 3GPP analysis, the Sending attenuation analysis As,DT of updated Appendix III of P.502, and both MOS-LQOn and MOS-LQOw according to P.863.  
These results show that the best single predictor of the SIG results for both HS and HHHF taken together is the P.863 MOS-LQOn (correlation 0.994, rmse 0.189) followed by the 3GPP DT Class A1 (correlation 0.981, rmse 0.256).  Scatter plots are shown in Figures 8, 9 10 and 11, where filled symbols are for HHHF and open symbols are for HS.
.
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Figure 8 Scatter plots, SIG DT by 3GPP DT Class
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Figure 9 Scatter plots, SIG DT by 3GPP DT Level
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Figure 10 Scatter plot, SIG DT by P.502 As,dt
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Figure 11 Scatter plots, SIG DT by P.863
Since several of the 3GPP metrics appear to have some predictive capability, the analysis was extended to include the SIG ratings in Single Talk (ST) as well.  An optimal (in Akaike Information Criterion sense) linear combination of the 3GPP metrics is compared to P.863 MOS-LQOn for the combined SIG ratings.  The linear combination of Class B, C, and D was AIC optimal (AIC=21.0098), with scatter plot and fit for this model shown in Figure 12.
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Figure 12 Scatter plot and fit to SIG DT & ST, by 3GPP

Figure 13 provides a scatter plot and fit to the combined SIG DT & ST ratings by P.863 MOS-LQOn.  In Figures 12 and 13, red symbols are for DT and green symbols are for ST, while filled symbols are for HHHF and open symbols are for HS.
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Figure 13 Scatter plot and fit to SIG DT & ST, by P.863

For P.863, linear fit (red line) and 3rd order polynomial fit (green line), according to P.1401 are provided.  Details of the fits shown in Figures 12 and 13 are provided in Table 3.
Table 3 Fits to SIG DT & ST
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The 3rd order mapping of MOS-LQOn appears to provide the best overall prediction of combined SIG ratings for combined ST and DT.
3.2. Comparison of metrics to BAK background (echo) intrusiveness ratings
Table 4 contains summary values for the fit of the above-described metrics to the BAK DT ratings.
Table 4 Summary of model fits for BAK DT
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DT class E 0.073 0.270 0.841 0.2007

DT class F 0.318 0.564 0.722 0.0041

DT class G 0.000 0.000 0.855 na

DT level A1 0.471 0.686 0.636 0.0002

DT level A2 0.391 0.625 0.682 0.0011

DT level B 0.393 0.627 0.681 0.0010

DT level C 0.461 0.679 0.641 0.0003

DT level D 0.523 0.723 0.604 0.0001

DT level E 0.075 0.274 0.841 0.1941
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For BAK (intrusiveness of echo), the correlations reported here are generally higher than in [3] as in that report, the analysis was restricted to only HHHF, whereas the results in Table 4 include both HHHF and HS.  As there can be no echo in the ST condition, an AIC-optimal linear combination of the 3GPP components was performed.  Figure 15 shows scatter plots and fits to this optimal combination (Class B and C) and the P.863 MOS-LQOn.
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Figure 15 Scatter plot, BAK DT by 3GPP (left) and P.863 MOS-LQOn (right)
For P.863, linear fit (red line) and 3rd order polynomial fit (green line), according to P.1401 [8] are provided.  Details of the fits shown in Figure 15 are provided in Table 5.
Table 5 Fits to BAK DT
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0.641 0.801 0.536 <0.0001

linear 0.772 0.879 0.408 <0.0001

3rd order 0.784 0.885 0.426 <0.0001
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The 3rd order mapping of MOS-LQOn appears to provide the best overall prediction of combined BAK ratings for DT, in terms of correlation.  The rmse for the 3rd order mapping is somewhat higher than the rmse for the linear mapping.  Computation of rmse* according to P.1401 [8] may have some impact.
4. Conclusions

This contribution compares subjective results for double talk to three classes of metrics.  For speech distortion, SIG, the best single-value predictor among the set considered is the MOS-LQOn according to P.863 [5], with a 3rd order polynomial remapping.

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.  However, the best performing metric is again MOS-LQOn according to P.863 [5].
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