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Introduction
The study item FS_ANTeM [1] was recently introduced in order to investigate ambient noise testing according to the terminal measurement specifications TS 26.131 & 132 [2], [3]. Topics like inter-lab variability of background noise measurements or usage of different noise field simulation techniques are addressed to propose improvements of the specifications. 
In particular, an initial study [4] indicated that the ambient noise testing methodology for handset terminals should be considered in a future release. The noise field simulation according to ETSI ES 202 396-1 [5] is currently specified for testing, but also shows issues on inter-lab reproducibility. The more recent simulation method according to ETSI TS 103 224 [6] performed better here. However, legacy issues have to be taken into account here: the binaural signals which are used in ETSI ES 202 396-1 are not available in ETSI TS 103 224, where eight-channel recordings of complex noise fields are considered.
Since the amount of data in [4] was rather small, this contribution extends the dataset with more devices in handset mode. Again, the comparability between the two noise field simulations in narrowband (NB), wideband (WB) and super-wideband (SWB) 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 [6].
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)



[bookmark: _Ref526791025]Table 2: Investigated noise types acc. to ETSI TS 103 224
	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 [7] 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 [7] 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 [7] 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 [8] was applied. The analysis according to ETSI TS 103 281 (model A) [8] 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 [5] for handset mode and according to TS 103 224 [6] 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 [5].

[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 [9]. 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. Since one device was not able to establish a call in SWB mode, a fourth device was added only in SWB-mode. Table 4 shows the configurations of the terminals evaluated in this study
Codecs and bitrates were configured according to the specified settings of the corresponding clauses in TS 26.132/131.

[bookmark: _Ref535833389]Table 4: Devices in handset mode
	Alias
	AMR-NB
	AMR-WB
	EVS-SWB
	Comment

	DUT 14
	
	
	
	

	DUT 15
	
	
	
	

	DUT 16
	
	
	
	NB/WB working, but not used

	DUT 17
	
	
	
	EVS not working



Results
[bookmark: _GoBack]Table 5 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 5: Results averaged across eight background noises
	
	
	 
	S-MOS
	N-MOS

	
	
	System
	TS103
	ES202
	TS103
	ES202

	Bandwidth
	DUT
	Room
	
	
	
	

	NB
	DUT 14
	Room 1
	3.90
	4.13
	3.50
	3.76

	
	
	Room 4
	3.83
	3.91
	3.40
	3.50

	
	DUT 15
	Room 1
	4.05
	4.23
	3.18
	3.39

	
	
	Room 4
	3.85
	3.99
	3.00
	2.79

	
	DUT 16
	Room 1
	3.95
	4.18
	3.76
	4.04

	
	
	Room 4
	3.71
	3.43
	3.67
	3.60

	WB
	DUT 14
	Room 1
	3.88
	4.00
	3.99
	4.13

	
	
	Room 4
	3.80
	4.49
	3.94
	4.68

	
	DUT 15
	Room 1
	3.98
	4.07
	3.68
	3.93

	
	
	Room 4
	3.83
	3.94
	3.55
	3.35

	
	DUT 16
	Room 1
	3.91
	4.02
	4.06
	4.16

	
	
	Room 4
	3.77
	3.79
	4.08
	4.03

	SWB
	DUT 14
	Room 1
	3.69
	3.77
	3.99
	4.16

	
	
	Room 4
	3.70
	3.67
	4.06
	3.91

	
	DUT 15
	Room 1
	3.74
	3.89
	4.41
	4.37

	
	
	Room 4
	3.63
	3.58
	4.35
	4.17

	
	DUT 17
	Room 1
	3.92
	4.12
	4.11
	4.13

	
	
	Room 4
	3.91
	3.94
	4.06
	4.04


[bookmark: _Ref526869754]
Table 6 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. Beside smaller deviations, also larger outliers can be observed (marked in red). This indicates that:
· The noise reduction performance obtained with eight noise types according to ES202 cannot be fully explained by using eight different noises from TS103, and/or…
· Non-linear and time-variant behavior of the UE impede comparability.


[bookmark: _Ref527320824]Table 6: Difference between the two noise systems
	Bandwidth
	DUT
	Room
	S-MOS
	N-MOS

	NB
	DUT 14
	Room 1
	-0.23
	-0.27

	
	
	Room 4
	-0.08
	-0.11

	
	DUT 15
	Room 1
	-0.18
	-0.20

	
	
	Room 4
	-0.14
	0.21

	
	DUT 16
	Room 1
	-0.23
	-0.27

	
	
	Room 4
	0.28
	0.07

	WB
	DUT 14
	Room 1
	-0.12
	-0.13

	
	
	Room 4
	-0.69
	-0.75

	
	DUT 15
	Room 1
	-0.09
	-0.25

	
	
	Room 4
	-0.11
	0.20

	
	DUT 16
	Room 1
	-0.11
	-0.09

	
	
	Room 4
	-0.02
	0.05

	SWB
	DUT 14
	Room 1
	-0.08
	-0.16

	
	
	Room 4
	0.03
	0.15

	
	DUT 15
	Room 1
	-0.15
	0.04

	
	
	Room 4
	0.05
	0.18

	
	DUT 17
	Room 1
	-0.20
	-0.03

	
	
	Room 4
	-0.03
	0.02



However, since another aspect of the study item FS_ANTeM was to investigate the possible reduction of noise conditions, other combinations may lead to more comparable performance numbers (see section 8).

Results per measurement room
The measured data may also be used to analyse the reproduction accuracy of the noise field reproduction systems. Table 7 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 7 is (arbitrarily) encoded as follows:
· OK (good reproduction accuracy)			|d| < 0.15 MOS
· MEDIUM (difference should be investigated)		0.15 ≤ |d| ≤ 0.25 MOS
· NOT OK (outlier)					|d| > 0.25 MOS

[bookmark: _Ref526879920]Table 7: Differences of average results between Room 1 and 4
	
	
	 
	S-MOS
	N-MOS

	
	
	System
	TS103
	ES202
	TS103
	ES202

	Bandwidth
	DUT
	Room
	
	
	
	

	NB
	DUT 14
	Room 1 - Room 4
	0.07
	0.22
	0.10
	0.26

	
	DUT 15
	Room 1 - Room 4
	0.19
	0.23
	0.18
	0.60

	
	DUT 17
	Room 1 - Room 4
	0.25
	0.75
	0.09
	0.44

	WB
	DUT 14
	Room 1 - Room 4
	0.07
	-0.50
	0.06
	-0.56

	
	DUT 15
	Room 1 - Room 4
	0.15
	0.13
	0.13
	0.58

	
	DUT 17
	Room 1 - Room 4
	0.14
	0.23
	-0.01
	0.13

	SWB
	DUT 14
	Room 1 - Room 4
	-0.01
	0.11
	-0.07
	0.24

	
	DUT 15
	Room 1 - Room 4
	0.11
	0.31
	0.06
	0.20

	
	DUT 16
	Room 1 - Room 4
	0.01
	0.18
	0.04
	0.09

	
	
	 
	S-MOS
	N-MOS

	
	
	System
	TS103
	ES202
	TS103
	ES202

	Bandwidth
	DUT
	Room
	
	
	
	

	NB
	DUT 14
	Room 1 - Room 4
	0.07
	0.22
	0.10
	0.26

	
	DUT 15
	Room 1 - Room 4
	0.19
	0.23
	0.18
	0.60

	
	DUT 17
	Room 1 - Room 4
	0.25
	0.75
	0.09
	0.44

	WB
	DUT 14
	Room 1 - Room 4
	0.07
	-0.50
	0.06
	-0.56

	
	DUT 15
	Room 1 - Room 4
	0.15
	0.13
	0.13
	0.58

	
	DUT 17
	Room 1 - Room 4
	0.14
	0.23
	-0.01
	0.13

	SWB
	DUT 14
	Room 1 - Room 4
	-0.01
	0.11
	-0.07
	0.24

	
	DUT 15
	Room 1 - Room 4
	0.11
	0.31
	0.06
	0.20

	
	DUT 16
	Room 1 - Room 4
	0.01
	0.18
	0.04
	0.09



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 three medium issues occur for the noise field simulation according to ETSI TS 103 224, while eight outliers (out of 18 possibilities) 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 significantly.

Results with selected noise types
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)

During the discussions of contribution S4-181211 [4], most members of the group did not support the solution of weighting the per-noise results to an overall resultsoverall result. As an alternative approach, simple combinations with averaging certain noises is analysed. As a simple example, N = 5 noises according to TS103 (Cafeteria, Callcenter2, Crossroadnoise, FullSizeCar, Roadnoise) were averaged to performance numbers according to Table 8. 
The same color-coding scheme as per Table 7 was used here. In contrast to Table 5, the average difference is close to zero and less outliers are observed. However, more data is needed in order to obtain a universally applicable noise subset.
Note that the same noise types were selected for NB, WB and SWB mode – in order to obtain even more accurate results, a separate selection of noises per bandwidth mode may be possible.
[bookmark: _Ref535944330]Table 8: Averages of N=5 noises
	
	
	N-MOS
	S-MOS

	
	
	Diff
	ES202
	TS103
	Diff
	ES202
	TS103

	DUT
	Bandwidth
	
	
	
	
	
	

	DUT 14
	NB
	0.02
	3.63
	3.66
	0.03
	4.02
	4.05

	
	SWB
	0.10
	4.03
	4.14
	0.09
	3.72
	3.81

	
	WB
	-0.27
	4.41
	4.13
	-0.22
	4.25
	4.03

	DUT 15
	NB
	0.13
	3.09
	3.22
	-0.01
	4.11
	4.10

	
	SWB
	0.26
	4.27
	4.52
	0.11
	3.74
	3.85

	
	WB
	0.04
	3.64
	3.67
	0.08
	4.00
	4.08

	DUT 16
	SWB
	0.15
	4.09
	4.24
	0.03
	4.03
	4.06

	DUT 17
	NB
	0.05
	3.82
	3.87
	0.26
	3.75
	4.02

	
	WB
	0.07
	4.09
	4.17
	0.09
	3.90
	4.00





Conclusions
This contribution presented additional measurement results for the ambient noise test cases of TS 26.131/132. Two mobile phones in handset mode were evaluated in NB, WB and SWB mode, one in NB and WB mode, and a fourth one in SWB mode only.
For the noise field reproduction, two playback systems were investigated. Similar to previous work [4], 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. To obtain a similar performance number with this system, a suitable selection of noise types must be considered.
In addition, the inter-lab/-room variability can be significantly reduced with this system, while the method according to ETSI ES 202 396-1 shows outliers between different labs – at least for the devices considered in this study.
Even though results in different labs obtained by the ETSI ES 202 396-1 noise field simulation are of a similar magnitude, the results obtained by the ETSI TS 103 224 method seem to be much more consistent across labs.
In general, the impact of the non-linear and time-variant signal processing used in today’s state-of-the-art mobile devices is hard to quantify. Thus, it seems even more important and necessary to minimize any possible variations in the measurement setup.
Even though a comprehensive measurement series was conducted here, only three comparisons (with two labs/measurement rooms each) are obtained per bandwidth mode. As a next step, this data can be merged with the results of [4], which would allow a more generalized conclusion.
Similar data should be collected also in more labs / measurement rooms in order to determine a valid conclusion on ambient noise handset testing. This could be achieved e.g., by conducting round-robin tests in different labs, as proposed in the scope of the FS_ANTeM study item.
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