
3GPP TSG-SG4 Meeting #82 
S4-150140
Dubrovnik, Croatia, 26-30 January 2015
	CR-Form-v11.1

	CHANGE REQUEST

	

	
	26.931
	CR
	CRNum
	rev
	-
	Current version:
	0.0.3
	

	

	For HELP on using this form: comprehensive instructions can be found at 
http://www.3gpp.org/Change-Requests.

	


	Proposed change affects:
	UICC apps
	
	ME
	
	Radio Access Network
	
	Core Network
	


	

	Title:

	Addition of objective predictions for double-talk ratings

	
	

	Source to WG:
	Audience, Inc. (Editor)

	Source to TSG:
	SA4

	
	

	Work item code:
	FS_SEATS
	
	Date:
	2015-01-27

	
	
	
	
	

	Category:
	B
	
	Release:
	Rel-12

	
	Use one of the following categories:
F  (correction)
A  (mirror corresponding to a change in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
Rel-8
(Release 8)
Rel-9
(Release 9)
Rel-10
(Release 10)
Rel-11
(Release 11)
Rel-12
(Release 12)
Rel-13
(Release 13)
Rel-14
(Release 14)

	
	

	Reason for change:
	Add objective predictions for subjective results on double-talk ratings

	
	

	Summary of change:
	Predictions from three types of objective metrics are compared to subjective results reported in clause 4.3.1

	
	

	Consequences if not approved:
	Reduced ability to apply results in settings where subjective evaluations of double-talk are not practical.

	
	

	Clauses affected:
	4.3.2

	
	

	
	Y
	N
	
	

	Other specs
	
	N
	 Other core specifications

	TS/TR ... CR ... 

	affected:
	
	N
	 Test specifications
	TS/TR ... CR ... 

	(show related CRs)
	
	N
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	


4.3.2 Comparison of predictions from objective metrics to subjective double talk ratings

4.3.2.1 Background and metrics

In TS 26.132, computational methods are provided to compute the categories and levels described in 4.3.1.2.1 from real-speech recordings from terminals.  In this clause, the eight categories and corresponding defined in Table <xxx> for echo canceller performance are compared to the subjective ratings reported in 4.3.1.2.2.  In addition to the categories and levels from TS 26.132, two additional metrics are considered.  The first is found in Recommendation ITU-T P.502, revised Amendment III [xx], defining a method for computing the attenuation in the sending direction under double-talk conditions, As,DT.  The second is found in Recommendation ITU-T P.863 [xx].  While the application to impairments resulting from double-talk is not explicitly within scope of P.863, it has been used for this purpose in some instances.
4.3.2.1 Comparison of metrics to subjective SIG ratings

Table 1 contains summary values for the fit of the above-described metrics to the SIG DT ratings for both HS and HHHF combined.

Table 1 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 1 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 1, 2, 3, and 4, where filled symbols are for HHHF and open symbols are for HS.
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Figure 1 Scatter plots, SIG DT by 3GPP DT Class
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Figure 2 Scatter plots, SIG DT by 3GPP DT Level
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Figure 3 Scatter plot, SIG DT by P.502 As,dt
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Figure 4 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 5
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Figure 5 Scatter plot and fit to SIG DT & ST, by 3GPP

Figure 6 provides a scatter plot and fit to the combined SIG DT & ST ratings by P.863 MOS-LQOn.  In Figures 5 and 6, 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 6 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 2.

Table 2 Fits to SIG DT & ST
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correl. rmse ANOVA  F AIC

0.946 0.973 0.279 <0.0001 21.010

linear 0.915 0.957 0.341 <0.0001

3rd order 0.977 0.988 0.182 <0.0001

P.863 MOS-LQOn

3GPP Optimal

SIG DT & ST


The 3rd order mapping of MOS-LQOn appears to provide the best overall prediction of combined SIG ratings for combined ST and DT.
4.3.2.2 Comparison of metrics to subjective BAK ratings

Table 3 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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correl. rmse ANOVA  F

DT class A1 0.733 0.856 0.452 <0.0001

DT class A2 0.441 0.664 0.654 0.0004

DT class B 0.532 0.729 0.598 <0.0001

DT class C 0.544 0.738 0.590 <0.0001

DT class D 0.352 0.593 0.204 0.0022

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

DT level F 0.223 0.472 0.187 0.0199

DT level G 0.000 0.000 0.855 na

A

s,DT

0.510 0.714 0.612 0.0001

MOS-LQOn 0.782 0.884 0.408 <0.0001

MOS-LQOw 0.738 0.859 0.447 <0.0001

P.863

Atten Class

P.502

Echo Class

Atten Level

Echo Level

BAK DT

3GPP


For BAK (intrusiveness of echo), the correlations reported here are generally higher than in [xx] 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 7 shows scatter plots and fits to this optimal combination (Class B and C) and the P.863 MOS-LQOn.
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Figure 7 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 7 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

BAK DT

3GPP Optimal
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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. 
4.3.2.3 Summary of comparison of metrics to subjective ratings for double-talk
Clause 4.3.2 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 to SIG, for echo intrusiveness, BAK, the metrics investigated here 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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