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1. Introduction

The new 3GPP voice and audio codec Enhanced Voice Service (EVS) [1] will be used in future 4G networks. The test case for Quality in the presence of ambient noise, Clause 8.12 in TS 26.132 [2] relies on the predictor for P.835 scores in ETSI TS 103 106 [3].  This predictor was trained on databases containing AMR and AMR-WB processed speech.  This contribution compares results according to Clause 8.12 of TS 26.132 [2] to subjective P.835 results using AMR and EVS in wideband using 13,2kbps non channel-aware mode, extending results for narrow-band as presented in [4]
2. Methods
A subjective P.835 test following the methods described in EATS-3 [5].  As the methods are described in some detail in that document, only a brief review will be provided below.  
Subjects

A total of 35 subjects were recruited. All participants were native speakers of American English, self-reported as audiologically normal.  Data from 32 participants (randomly dropping three female participants) is reported below, for 14 male and 18 female listeners. The ages of participants ranged from 18 to 57, median of 35 years, with distribution shown in Figure 1.
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Figure 1 Distribution of participants' age

Listening conditions and practice
Participants listened diotically at 73 dB SPL, using Sennheiser HD 280 Pro headphones, without any additional equalization.

Before data collection sessions, a practice session was presented to familiarize participants with the P.835 scales and response collection tool.

A total of 128 votes per condition were collected using a balanced blocks design.
Stimulus preparation
Following the subjective test plan defined in EATS-3 [5], recordings were made using an acoustic handset mockup containing two microphones, using microphone components and porting as is typical of contemporary commercial UEs.  The UE was mounted on HATS, with background noise simulation and speech levels as described in [5].   The speech material was the full-band American English included with the predictor model in [3]. The eight noise types and levels defined in Clause 8.12 of [2] were used, as listed in Table 1.
Table 1 Noise conditions from TS 26.132, Table 2d

	Description
	File name
	Duration
	Level
	Type

	Recording in pub
	Pub_Noise_binaural_V2
	30 s
	L: 75,0 dB(A)

R: 73,0 dB(A)
	Binaural

	Recording at pavement
	Outside_Traffic_Road_binaural
	30 s
	L: 74,9 dB(A)

R: 73,9 dB(A)
	Binaural

	Recording at pavement
	Outside_Traffic_Crossroads_binaural
	20 s
	L: 69,1 dB(A)

R: 69,6 dB(A)
	Binaural

	Recording at departure platform
	Train_Station_binaural
	30 s
	L: 68,2 dB(A)

R: 69,8 dB(A)
	Binaural

	Recording at the drivers position
	Fullsize_Car1_130Kmh_binaural
	30 s
	L: 69,1 dB(A)

R: 68,1 dB(A)
	Binaural

	Recording at sales counter
	Cafeteria_Noise_binaural
	30 s
	L: 68,4 dB(A)

R: 67,3 dB(A)
	Binaural

	Recording in a cafeteria
	Mensa_binaural
	22 s
	L: 63,4 dB(A)

R: 61,9 dB(A)
	Binaural

	Recording in business office
	Work_Noise_Office_Callcenter_binaural
	30 s
	L: 56,6 dB(A)

R: 57,8 dB(A)
	Binaural


The recordings were processed through a bit-exact offline simulation of a commercial two-microphone noise suppressor, including appropriate filtering and gain to meet requirements for Sending and Receiving frequency characteristics, as given in Clause 6.2.2 and 6.4.1 of 3GPP TS 26.131 [7].

The resulting outputs were then further processed using fixed-point bit-exact simulations of AMB WB at 12,65kbps (0% FER) and of EVS WB at 13,2kbps non channel-aware mode (0% FER), corresponding to conditions c44 and c31 respectively, for test case W3 in the EVS Characterization Test Plan [6] and consistent with agreement noted in [11].  Note that the implementation of EVS in TS26.442 [8] was used for this and the previous NB study [4].
Reference conditions

The subjective test plan in [5] defines twelve reference conditions using a model of noise suppressor distortion and additive noise, as defined in Table 2.

Table 2 Reference conditions

	Reference
	NS Level
	Additive Noise

	R01
	NS Level 4 (highest distortion)
	<none>

	R02
	NS Level 3
	<none>

	R03
	NS Level 2
	<none>

	R04
	NS Level 1 (lowest distortion)
	<none>

	R05
	
	Car  0 dB SNR

	R06
	<none>
	Car 10 dB SNR

	R07
	<none>
	Car 20 dB SNR

	R08
	<none>
	Car 30 dB SNR

	R09
	<none>
	<none>

	R10
	NS Level 4
	Car 10 dB SNR

	R11
	NS Level 3
	Car 20 dB SNR

	R12
	NS Level 2
	Car 30 dB SNR


3. Results
3.1. Reference conditions
Figure 1 shows the subjective results for reference conditions, with error bars depicting the 95% confidence interval.
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Figure 1.  Results for reference conditions

It can be seen that the ratings for all three subjective dimensions span the full range.  The two manipulations, NS Level and Additive Noise, provide separation of the SIG and BAK dimensions.  Note that for reference R10, the highest level of combined (NS + Noise), nearly all ratings are at 1.

.

3.2. Test conditions
Figure 2 shows the subjective results for the test conditions, with error bars indicating the 95% confidence intervals.  For the test conditions, the results are restricted in range for all dimensions, compared to the reference conditions.  This was observed in handset mode results reported according to [5], where a majority of data used in training of the model in [3] was above about 2.5.  The results for AMR-WB at 12,65kbps and EVS WB at 13,2kbps appear similar.
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Figure 2.  Results for test conditions
3.3. Comparison to predictions

Predictions for the test conditions were computed according to the method defined in [3] and required in [2].  Scatter plots in Figures 3, 4, and 5 show results for SIG/SMOS, BAK/NMOS, and OVRL/GMOS, respectively, after remapping using a constrained 3rd order polynomial, according to Recommendation ITU-T P.1401 [9], Clause 7.3.3 
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Figure 3 Scatter plot for SIG/SMOS
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Figure 4 Scatter plot for BAK/NMOS
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Figure 5 Scatter plot for OVRL/GMOS

While the extent of the ratings for the test conditions is not large, the scatter plots show that the predictions appear to be fairly good.  Quantifications of the fits are provided using Pearson correlation coefficient, root-mean square error (RMSE) and epsilon-insensitive RMSE, according to P.1401 [8], in Table 3.
Table 3 Correlation, RMSE, RMSE* for predictions

	Rating
	Mapping
	Correlation
	RMSE
	RMSE*

	SIG
	3rd order
	0,786
	0,393
	0,072

	BAK
	3rd order
	0,731
	0,145
	0,050

	OVRL
	3rd order
	0,908
	0,238
	0,025


These results are considered in light of the requirements defined in EATS-6 [10], shown in Table 4

Table 4 Requirements on RMSE and RMSE* after 3rd order remapping (from [10])

	
	S-MOS
	N-MOS
	G-MOS

	rmse
	0.40
	0.35
	0.35

	rmse*
	0.35
	0.25
	0.25


Comparing the results in Table 3 against the requirements in Table 4, it can be seen that the error metrics for this test are within the demands of EATS-6 [10].
4. Conclusions

This contribution compares subjective results from a WB P.835 test using the same noise suppression processing followed by either AMR WB at 12,65kbps or EVS WB at 13,2kbps.  The predictions according to ETSI TS 103 106 [3] under the test conditions defined in 3GPP TS 26.132 [2] meet requirements initially defined in EATS-6 [10]. 

Based on these results, the Source suggests that the method of Clause 8.12 of TS 26.132 [2] and the requirements of Clause 6.12 of TS 26.131 [7] can be considered as appropriate for use with EVS in Wideband mode, at least for 13,2kbps. 

If other operational modes of EVS in WB are to be evaluated, additional subjective P.835 tests for validation of the predictor in TS 103 106 [3] may be warranted. 

As of the date of this contribution, there is no objective predictor for P.835 in SWB.  SQ may give consideration to mitigating this missing aspect of [7] and [2].
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