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Introduction
During discussions of the work item SPAN [1], it became obvious that the inter-lab variability of background noise measurements according to TS 26.132 [2] in handheld hands-free mode is smaller than in handset mode. Even though the positioning of a device in handheld hands-free mode is more cumbersome than in handset mode, results obtained by the speech quality metrics were more reproducible here. The reason for this unexpected observation might be that two different background noise playback systems are used for the two modes. For handheld hands-free testing, the state-of-the-art system according to ETSI TS 103 224 is used, while for handset mode the predecessor according to ETSI ES 202 396-1 is used. 

It was discussed during SA4#99, if the more advanced background noise playback system according to ETSI TS 103 224 may be used as either a replacement or an alternative solution for the ambient noise evaluations according to TS 26.132 in handset mode as well. It was noted that legacy issues should be considered, i.e. any modification of the setup should not have impacts on the requirements as defined in TS 26.131 [3]. This might be difficult to achieve due to the different structure of the noise scenarios. The binaural signals of ETSI ES 202 396-1 are not available in ETSI TS 103 224 where eight-channel recordings of complex noise fields are considered.

This contribution investigates the comparability between the two systems in narrowband (NB), wideband (WB) and super-wideband (SWB) mode for several terminals in handset mode. The applicability of the noise scenarios of TS 103 224 is evaluated. Similarities and differences of the overall results for noise suppression performance are reported.
Noise Types
According to the descriptions of clauses 7.12.1 (NB), 8.12.1 (WB) and 9.12.1 (SWB/FB), the noise types as shown in Table 1 are used for the evaluation of noise suppression performance.
These noise scenarios are not available in the background noise system according to ETSI TS 103 224. However, the noise database here provides similar / related scenarios, which may be used instead. Table 2 shows the eight noise types which are proposed and used for the present study. 
Note 1: Since the noise recordings are in 8-channel-format, only level information for channel 1 (close to left ear) and 7 (close to right ear) are provided. More information on the specific recordings can be found in clause 8 of ETSI TS 103 224 [4].
Note 2: In the noise database of TS 103 224, there is no equivalent noise condition for “mensa”. The noise “sales counter” is used instead.
[bookmark: _Ref526790501]Table 1: Currently used noise types acc. to ETSI ES 202 396-1
	Filename
	Duration
	Level

	Pub_Noise_binaural_V2
	30 s
	L: 75,0 dB(A)
R: 73,0 dB(A)

	Outside_Traffic_Road_binaural
	30 s
	L: 74,9 dB(A)
R: 73,9 dB(A)

	Outside_Traffic_Crossroads_binaural
	20 s
	L: 69,1 dB(A)
R: 69,6 dB(A)

	Train_Station_binaural
	30 s
	L: 68,2 dB(A)
R: 69,8 dB(A)

	Fullsize_Car1_130Kmh_binaural
	30 s
	L: 69,1 dB(A)
R: 68,1 dB(A)

	Cafeteria_Noise_binaural
	30 s
	L: 68,4 dB(A)
R: 67,3 dB(A)

	Mensa_binaural
	22 s
	L: 63,4 dB(A)
R: 61,9 dB(A)

	Work_Noise_Office_Callcenter_binaural
	30 s
	L: 56,6 dB(A)
R: 57,8 dB(A)
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	Filename
	Duration
	Level Channel 1 & 7

	Pub_handset
	30 s
	1: 77,2 dB(A)
7: 76,0 dB(A)

	Roadnoise_handset
	30 s
	1: 72,8 dB(A)
7: 73,0 dB(A)

	Crossroadnoise_handset
	30 s
	1: 70,6 dB(A)
7: 71,2 dB(A)

	TrainStation_handset
	30 s
	1: 78,9 dB(A)
7: 78,8 dB(A)

	FullSizeCar_130_handset
	30 s
	1: 68,5 dB(A)
7: 70,8 dB(A)

	SalesCounter_handset
	30 s
	1: 66,6 dB(A)
7: 66,6 dB(A)

	Cafeteria_handset
	30 s
	1: 70,0 dB(A)
7: 70,6 dB(A)

	Callcenter2_handset
	30 s
	1: 60,2 dB(A)
7: 60,2 dB(A)



Speech quality test methods
As source speech material, 16 American English speech samples (fullband) according to ETSI TS 103 106 [5] were used for all bandwidth modes.
The test setup as described in clause 7.12.1 of TS 26.132 was used for terminals evaluated in NB mode. The analysis according to ETSI TS 103 106 [5] in NB-mode was carried out for each of the 16 samples and the results were averaged per background noise condition.
The test setup as described in clause 8.12.1 of TS 26.132 was used for terminals evaluated in WB mode. The analysis according to ETSI TS 103 106 [5] in WB-mode was carried out for each of the 16 samples and the results were averaged per background noise condition.
The test setup as described in clause 9.12.1 of TS 26.132 was used for terminals evaluated in SWB mode. Prior to the analysis of the noisy recordings, the calibration procedure described in clause 9.5 of ETSI TS 103 281 [6] was applied. The analysis according to ETSI TS 103 281 (model A) [6] in SWB-mode was then carried out for each of the 16 samples and the results were averaged per background noise condition. 
The analyses in the three considered bandwidth modes lead to S-MOS, N-MOS and G-MOS result values per condition. The performance requirements and objectives of TS 26.131 are checked against the average across all eight noise types.
Note: Since only S- and N-MOS are evaluated in TS 26.131, G-MOS is not reported in the following analyses.
Measurement rooms
The parameters of the measurement rooms evaluated in this study are described in Table 3. The equalization procedure according to ES 202 396-1 [7] for handset mode and according to TS 103 224 [4] for handheld hands-free mode was passed for all rooms. All rooms are equipped with sub-woofer setup for the playback according to ES 202 396-1 [7].

[bookmark: _Ref504665998]Table 3: Measurement rooms
	Name
	Length [m]
	Width [m]
	Height [m]
	Comment

	Room 1
	2.40
	3.40
	2.05
	Same chamber type and design as Room 2

	Room 2
	2.40
	3.40
	2.05
	Same chamber type and design as Room 1

	Room 3
	2.90
	3.10
	2.05
	Different manufacturer than Room 1,2,4

	Room 4
	1.80
	2.40
	2.05
	Smallest chamber



Note: The measurement rooms shown in Table 3 were already investigated in the SPAN work item [8]. For the present investigation, only room 1 and 4 were considered, i.e. room 2 and 3 were not evaluated. In order to keep the naming / numbering convention consistent, the same names as in previous data are used in this contribution.
Test devices
Three commercially available device under tests (DUTs), which are able to operate in NB, WB and SWB mode. Codecs and bitrates were configured according to the specified settings of the corresponding clauses in TS 26.132/131.


Results
Table 4 shows the results for S- and N-MOS of the DUTs in all modes. The values are reported separately for the two background noise systems ES 202 396-1 (ES202) and TS 103 224 (TS103) and are averaged across the eight background noises according to Table 1 and Table 2.

[bookmark: _Ref526868068]Table 4: Results averaged across eight background noises
	
	
	 
	S-MOS
	N-MOS

	
	
	System
	TS103
	ES202
	TS103
	ES202

	Bandwidth
	DUT
	Room
	
	
	
	

	NB
	DUT 1
	Room 1
	3.90
	4.04
	2.64
	2.76

	
	
	Room 4
	3.81
	3.95
	2.70
	2.66

	
	DUT 2
	Room 1
	3.70
	3.94
	4.33
	4.35

	
	
	Room 4
	3.56
	3.72
	4.23
	4.04

	
	DUT 3
	Room 1
	3.72
	3.78
	2.86
	2.77

	
	
	Room 4
	3.96
	4.07
	2.99
	2.69

	WB
	DUT 1
	Room 1
	3.99
	4.10
	2.95
	3.07

	
	
	Room 4
	3.94
	4.00
	3.05
	3.02

	
	DUT 2
	Room 1
	3.81
	3.91
	4.34
	4.31

	
	
	Room 4
	3.77
	3.81
	4.28
	3.98

	
	DUT 3
	Room 1
	3.83
	3.93
	3.27
	3.46

	
	
	Room 4
	3.96
	4.01
	3.40
	3.35

	SWB
	DUT 1
	Room 1
	3.80
	3.87
	3.22
	3.31

	
	
	Room 4
	3.77
	3.80
	3.05
	3.05

	
	DUT 2
	Room 1
	3.56
	3.81
	4.03
	3.96

	
	
	Room 4
	3.50
	4.17
	4.02
	4.27

	
	DUT 3
	Room 1
	3.94
	3.99
	4.15
	4.06

	
	
	Room 4
	3.91
	4.07
	4.00
	4.13
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Table 5 provides the differences between the two obtained overall result values for S- and N-MOS (TS103 – ES202). It can be noticed that the sign is negative in most cases, i.e. the proposed eight noises lead consistently to more pessimistic results.
Since most of the average result values for S-MOS are in the quite narrow range of range of 3.5-4.0 (even across all bandwidths), a simple mathematical transformation (“mapping function”) or offset seems not feasible to compensate for the difference – at least based on this small amount of data. 
[bookmark: _Ref527320824]Table 5: Difference between the two noise systems
	Bandwidth
	DUT
	Room
	S-MOS
	N-MOS

	NB
	DUT 1
	Room 1
	-0.14
	-0.12

	
	
	Room 4
	-0.13
	0.04

	
	DUT 2
	Room 1
	-0.24
	-0.02

	
	
	Room 4
	-0.15
	0.19

	
	DUT 3
	Room 1
	-0.06
	0.09

	
	
	Room 4
	-0.11
	0.31

	WB
	DUT 1
	Room 1
	-0.11
	-0.12

	
	
	Room 4
	-0.06
	0.02

	
	DUT 2
	Room 1
	-0.11
	0.03

	
	
	Room 4
	-0.05
	0.29

	
	DUT 3
	Room 1
	-0.09
	-0.19

	
	
	Room 4
	-0.05
	0.05

	SWB
	DUT 1
	Room 1
	-0.06
	-0.09

	
	
	Room 4
	-0.03
	0.00

	
	DUT 2
	Room 1
	-0.24
	0.07

	
	
	Room 4
	-0.66
	-0.26

	
	DUT 3
	Room 1
	-0.05
	0.09

	
	
	Room 4
	-0.16
	-0.13




Results per measurement room
The measured data may also be used to analyse the reproduction accuracy of the noise field reproduction systems. Table 6 shows the differences of S- and N-MOS between the two measurement rooms which were used in the investigation. In general, the difference is expected to be close to 0.0; however, differences may occur due to non-linear and time-variant behaviour of the UE and/or impact of the noise field equalization in the corresponding room.
The magnitude of the delta-values (d) of Table 6 is coded as follows:
· OK (good reproduction accuracy)			d < 0.1 MOS
· MEDIUM (difference should be investigated)		0.1 ≤ d ≤ 0.2 MOS
· NOT OK (outlier)					d > 0.2 MOS

[bookmark: _Ref526879920]Table 6: Differences of average results between Room 1 and 4
	
	
	
	S-MOS
	N-MOS

	
	
	
	TS103
	ES202
	TS103
	ES202

	Bandwidth
	DUT
	Room
	
	
	
	

	NB
	DUT 1
	Room 1
	-0.09
	-0.10
	0.06
	-0.10

	
	
	Room 4
	
	
	
	

	
	DUT 2
	Room 1
	-0.14
	-0.23
	-0.09
	-0.31

	
	
	Room 4
	
	
	
	

	
	DUT 3
	Room 1
	0.24
	0.29
	0.14
	-0.08

	
	
	Room 4
	
	
	
	

	WB
	DUT 1
	Room 1
	-0.04
	-0.10
	0.10
	-0.04

	
	
	Room 4
	
	
	
	

	
	DUT 2
	Room 1
	-0.04
	-0.10
	-0.07
	-0.33

	
	
	Room 4
	
	
	
	

	
	DUT 3
	Room 1
	0.12
	0.08
	0.13
	-0.12

	
	
	Room 4
	
	
	
	

	SWB
	DUT 1
	Room 1
	-0.03
	-0.06
	-0.16
	-0.26

	
	
	Room 4
	
	
	
	

	
	DUT 2
	Room 1
	-0.06
	0.36
	-0.01
	0.32

	
	
	Room 4
	
	
	
	

	
	DUT 3
	Room 1
	-0.03
	0.08
	-0.15
	0.07

	
	
	Room 4
	
	
	
	



The data indicates that in most cases (green & yellow cases) the reproduction accuracy of the measurements in general is acceptable, but also shows several outliers. Only one outlier is seen for the noise field simulation according to ETSI TS 103 224, while seven outliers are observed for the system according to ETSI ES 202 396-1.
Due to the limited amount of data, it cannot be assessed with certainty, if the terminal or the noise simulation cause the outlier cases. However, the noise field reproduction according to ETSI TS 103 224 obviously reduces the variability.

Results with selected noise types
TBD
Since the results for S- and N-MOS obtained by the noise simulation according to ES 202 396-1 are the basis for performance requirements and objectives in TS 26.131, it is desirable to achieve highly comparable results when modifying the measurement methodology.
For the alignment of the results obtained with the background noise scenarios of TS 103 224, results obtained by ES 202 396-1 can be considered as “reference result values”, which have to be met as close as possible. This may be achieved by:
· Selection of background noises (more or less than eight)
· Weighting of noise conditions instead of averaging (plus possible bias for better fitting)

An example for this approach is shown for SWB mode in the following. In Table 7, five out of eight background noises are selected. Weights per background noise are calculated via non-linear parameter optimization. The weights of the residual noise conditions are set to zero. In addition, a bias value for a linear combination is introduced.
[bookmark: _Ref527319079]Table 7: Weighting factors for results obtained by TS 103 224
	Nbr
	Filename in TS 103 224 
	Weights

	
	
	SWB

	
	
	S-MOS
	N-MOS

	0
	Bias
	1.182
	-0.098

	1
	Pub_handset
	0.100
	0.110

	2
	Roadnoise_handset
	0.100
	0.236

	3
	Crossroadnoise_handset
	0.000
	0.000

	4
	TrainStation_handset
	0.000
	0.000

	5
	FullSizeCar_130_handset
	0.000
	0.000

	6
	SalesCounter_handset
	0.100
	0.300

	7
	Cafeteria_handset
	0.100
	0.300

	8
	Callcenter2_handset
	0.300
	0.100



Calculating S- and N-MOS with this weighted sum leads to the updated values according to Table 8. Values obtained by noise simulation according to EG 202 396-1 are not re-calculated and provided for sake of completeness (columns ES202 are identical to Table 4).
Finally, Table 9 provides the differences between all eight and the selected and weighted five noises compared to the results obtained by ES 202 396-1. It can be observed that the average/bias and root-mean-square (RMS) are significantly reduced.

[bookmark: _Ref527319871]Table 8: Results of reduced / weighted noise conditions
	
	
	
	S-MOS
	N-MOS

	
	
	System
	TS103
	ES202
	TS103
	ES202

	Bandwidth
	DUT
	Room
	
	
	
	

	SWB
	DUT 1
	Room 1
	3.90
	3.87
	3.27
	3.31

	
	
	Room 4
	3.89
	3.80
	3.11
	3.05

	
	DUT 2
	Room 1
	3.90
	3.81
	4.10
	3.96

	
	
	Room 4
	3.86
	4.17
	4.08
	4.27

	
	DUT 3
	Room 1
	4.10
	3.99
	4.16
	4.06

	
	
	Room 4
	4.06
	4.07
	4.05
	4.13



[bookmark: _Ref527319999]Table 9: Differences between 
	
	
	
	8 Noises
	5 Noises (w)

	Bandwidth
	DUT
	Room
	S-MOS
	N-MOS
	S-MOS
	N-MOS

	SWB
	DUT 1
	Room 1
	-0.06
	-0.09
	0.03
	-0.04

	
	
	Room 4
	-0.03
	0.00
	0.09
	0.06

	
	DUT 2
	Room 1
	-0.24
	0.07
	0.09
	0.14

	
	
	Room 4
	-0.66
	-0.26
	-0.31
	-0.19

	
	DUT 3
	Room 1
	-0.05
	0.09
	0.11
	0.11

	
	
	Room 4
	-0.16
	-0.13
	-0.01
	-0.07

	
	
	
	
	
	
	

	
	
	Avg.
	-0.20
	-0.05
	0.00
	0.00

	
	
	RMS
	0.20
	0.11
	0.11
	0.10





Conclusions
This contribution presented measurement results for the ambient noise test cases of TS 26.131/132. Three mobile phones in handset mode were evaluated in NB, WB and SWB mode. For the noise reproduction, two playback systems were investigated. First analyses show that it is in general possible to reach similar, but still different average values with the state-of-the-art noise field simulation according to ETSI TS 103 224. In addition, the inter-lab/-room variability can be reduced with this system.
The initial and preliminary data indicates that further and similar investigations seem to be meaningful. Thus, the source proposed to initiate a new work item in 3GPP SA4 to investigate the differences and possibilities for the recent background noise playback system for handset mode.
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