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Introduction

Document S4-AHQ062 [1] proposed components to draft CR to 26.131 (Release 11) [2].  Further, [3] provides an analysis of the noise types to be used for evaluation. This contribution provides results on 15 terminals using a preliminary version of the retrained model of [4].   
Background noise types used in training & validation of [4]

In [3], the source provided an analysis based on the original model reported in [5] for 53 terminals in the noise types listed in Table 1, and reached the conclusion that similar average performance could be achieved using 4 noise types (#2, 5, 6, 8 from Table 1).

Table 1. Noise used for background noise simulation
	#
	Description
	File name
	Duration
	Level
	Type

	1
	Recording in pub
	Pub_Noise_binaural_V2
	30 s
	L: 75,0 dB(A)

R: 73,0 dB(A)
	binaural

	2
	Recording at pavement
	Outside_Traffic_Road_binaural
	30 s
	L: 74,9 dB(A)

R: 73,9 dB(A)
	Binaural

	3
	Recording at pavement
	Outside_Traffic_Crossroads_binaural
	20 s
	L: 69,1 dB(A)

R: 69,6 dB(A)
	Binaural

	4
	Recording at departure platform
	Train_Station_binaural
	30 s
	L: 68,2 dB(A)

R: 69,8 dB(A)
	Binaural

	5
	Recording at the drivers position
	Fullsize_Car1_130Kmh_binaural
	30 s
	L: 69,1 dB(A)

R: 68,1 dB(A)
	Binaural

	6
	Recording at sales counter
	Cafeteria_Noise_binaural
	30 s
	L: 68,4 dB(A)

R: 67,3 dB(A)
	Binaural

	7
	Recording in a cafeteria
	Mensa_binaural
	22 s
	L: 63,4 dB(A)

R: 61,9 dB(A)
	Binaural

	8
	Recording in business office
	Work_Noise_Office_Callcenter_binaural
	30 s
	L: 56,6 dB(A)

R: 57,8 dB(A)
	Binaural


Description of test conditions and methods
The 15 terminals are all current terminals marketed as HD Voice.  Background noise simulation was performed according to ETSI EG 202 396-1 [6] with levels as defined in EATS-3 [7].  Devices were all operated in handset mode, mounted on HATS.  Calls were placed through a basestation simulator in WCDMA using AMR-WB 12.65kpbs speech codec.

Results, averaged across all eight noise types
Figure 1 shows results for SMOS, NMOS, and GMOS for each terminal, averaged across all eight noise types from Table 1.
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Figure 1 Objective predictions, averaged for eight noise types
For all terminals, the mean scores for NMOS and SMOS are meeting the expectations for HD Voice terminals [8].

Results, individually for eight noise types
Individual scores, and standard deviations across the 16 speech samples from [5] are shown in the following as Figure 2 for SMOS, Figure 3 for NMOS, Figure 4 for GMOS.

The larger variation in NMOS across terminals seen in Figure 1 is also evident comparing Figures 2 and 3.

Note also that the standard deviations are relatively consistent across noise types and terminals.  While the values of the standard deviations, from about 0.2 to about 0.5, may seem high, recall that the associated confidence intervals will be about ¼ as large (roughly proportion al to 1/√16).
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Figure 2 SMOS mean and standard deviation for all terminals, per noise type
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Figure 3 NMOS mean and standard deviation for all terminals, per noise type
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Figure 4 GMOS mean and standard deviation for all terminals, per noise type
Note in Figure 2, that the noise types “Office” (#8) and “Traffic” (#2) appear to be types resulting in SMOS scores among the highest and lowest, respectively.  Similarly, in Figure 3, noise types “Office” (#8) and “Pub” (#1) appear to result in NMOS scores among the highest and lowest respectively.

Dependence of results on noise type
To further explore this dependence on noise type, a discriminant analysis was performed on the full set of SMOS, NMOS, and GMOS scores at the per-sample level.  While the analysis was performed for 3 dimensions, two canonical dimensions are needed to represent the results, due to the dependence of GMOS on SMOS and NMOS.  Results are shown in Figure 5.
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Figure 5 Discriminant analysis of objective results for dependence on noise types

 The groups associated with noise types “Pub”, “Traffic”, “Office” and corresponding to #1, 2, and 8, respectively, from Table 1, appear to most broadly span the space of the two canonical dimensions.

Alternative averaging approach
In [3], it was shown, for the previous objective predictor, that averages for noise types “Traffic” (#2), “Car” (#5) and “Sales Counter” (#6), and “Office” (#8), was similar to averages for all eight noise types per terminal.

As “Sales Counter” (#6) is centrally located in the discriminant analysis, it is included in a proposal.  Table 2 lists the two sets of noise types considered for averaging.

	Case 1 [from 3]
	Case 2

	#2 Traffic
	#1 Pub

	#5 Car
	#2 Traffic

	#6 Sales Counter
	#6 Sales Counter

	#8 Office
	# 8 Office


Figure 6. Averaging groups for noise

[image: image6.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 M N O

MOS 

-

objective

Device

SMOS

NMOS

GMOS




Figure 7 Averaging using Case 1 noise types
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Figure 8 Averaging using Case 2 noise types
Note that while the patterns across devices appear similar, the scores for Case 1 are somewhat higher than for Case 2, and that with Case 2, some devices have average NMOS below 3.0.  

The averaging of Case 1 does somewhat reduce the range, and therefore the ability to discriminate among devices.  This can be seen more easily in scatter plots.
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Figure 9 Scatter plot, average scores all 8 vs. Case 1.
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Figure 10 Scatter plot, average scores all 8 vs. Case 2.
Comparing the scatter plots in Figures 9 and 10, it can be seen that the range of scores provided by the Case 2 averaging is somewhat higher, with similar correlation to averaging of all eight noise types.

Summary

Results for 15 wideband terminals in the performance in noise test are shown, as part of the basis for setting requirements.  

Additional analysis of dependence of these results for two cases of reduced numbers of noise types is provided.  It is recommended to use Case 2 if a reduced number of noise types are desired.
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