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1. Introduction
The work item SPAN [1] was initiated in order to complete provisional performance requirements (for handset UE) and objectives (for handheld hands-free UE) in TS 26.131 [2]. For SWB and FB modes, the two new prediction models according to ETSI TS 103 281 [3] are combined and used for the assessment of instrumental speech, noise and global quality (S-, N- and G-MOS) for ambient noise scenarios (clause 9.12 and 10.12 of [4]).
For this purpose, a larger ongoing study as described in the work item description (WID) was started by evaluating a sufficient amount of commercially available mobile phones. This contribution presents additional results for five mobile phones in EVS-SWB mode, evaluated in handset and handheld hands-free mode. In total, 13 different devices are now available in the pool of the SPAN work item.
2. General Remarks
For both application modes (handset and handheld hands-free), several measurement parameters are identical.
All devices are connected to a LTE radio tester and measurement system via EVS-SWB codec, operating at a bit rate of 24.4 kbit/s. It needs to be ensured that frequency components of more than 10 kHz are transmitted in sending direction before the evaluation process is started. This prevents the internal signal processing from working in WB mode. However, the frequency responses in sending direction and/or the tolerance schemes of [2] are not part of this evaluation.
As test sequence in sending direction, a sequence of 20 American English sentences from Annex C of [3] is played back via the artificial mouth and is synchronized with the background noise playback. For the later analysis, the dismissal of the first four sentences (4 samples with a duration of 4.0 seconds) due to adaptation and convergence of the noise canceller of the device under test (DUT) is of high importance.
[bookmark: _GoBack]As described in [3], a recording in silent condition is made in advance of the measurement series per DUT. Again, the first four samples (16.0 seconds) of the recording are discarded and the recording is analyzed with the ITU-T P.56 active speech level [5]. The difference to -21 dBPa / 73 dBSPL is calculated and stored as a calibration factor for each device and each mode. The intention of this calibration factor is to scale the recording to a reasonable listening level.
The signals recorded at the electrical point of interest (POI) are first calibrated by the factor as described above. Secondly they are segmented into 16 samples of 4.0s duration. For each of these samples, the instrumental values for S-, N- and G-MOS according to model A and B [3] are determined. The 16 results per sample and per model are averaged to background noise condition scores. In addition, also the per-DUT averaged values over all background noises are provided, which serve as basis for requirements in [2]. These results are shown in the following sections.
The distributions of the scores are shown as boxplots in Figure 1 to Figure 6 for handset and in Figure 7 to Figure 12 for handheld hands-free mode. For S- and N-MOS as well as for the three predictions models (A, B and combined A+B), one graph is provided. In each boxplot, several statistics are indicated: inter-quartile range (IQR), average, median, minimum and maximum value.
Note that for the combination of model A and B of TS 103 281 [3], a linear correction for N-MOS is applied on the score for model A. This correction is already included for all N-MOS results in the following sections.

3. Evaluation of handset UEs
In handset mode, a measurement setup according to clause 9.12.1 of [4] is utilized, including a background noise playback system according to ES 202 396-1 [6]. For each device, the eight noises according to Table 1 were evaluated.

[bookmark: _Ref504656071]Table 1: Background noises for handset
	Description
	File name acc. to [6]
	Level

	Recording in pub
	Pub_Noise_binaural_V2
	L: 75,0 dB(A)
R: 73,0 dB(A)

	Recording at pavement
	Outside_Traffic_Road_binaural
	L: 74,9 dB(A)
R: 73,9 dB(A)

	Recording at pavement
	Outside_Traffic_Crossroads_binaural
	L: 69,1 dB(A)
R: 69,6 dB(A)

	Recording at departure platform
	Train_Station_binaural
	L: 68,2 dB(A)
R: 69,8 dB(A)

	Recording at the driver’s position
	Fullsize_Car1_130Kmh_binaural
	L: 69,1 dB(A)
R: 68,1 dB(A)

	Recording at sales counter
	Cafeteria_Noise_binaural
	L: 68,4 dB(A)
R: 67,3 dB(A)

	Recording in a cafeteria
	Mensa_binaural
	L: 63,4 dB(A)
R: 61,9 dB(A)

	Recording in business office
	Work_Noise_Office_Callcenter_binaural
	L: 56,6 dB(A)
R: 57,8 dB(A)
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	[bookmark: _Ref504664692]Figure 1: Results for handset mode, TS 103 281 model A, N-MOS
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	Figure 2: Results for handset mode, TS 103 281 model A, S-MOS
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	Figure 3: Results for handset mode, TS 103 281 model B, N-MOS
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	Figure 4: Results for handset mode, TS 103 281 model B, S-MOS
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	Figure 5: Results for handset mode, combined model A+B, N-MOS
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	[bookmark: _Ref504664719]Figure 6: Results for handset mode, combined model A+B, S-MOS



4. Evaluation of handheld hands-free UEs
In handheld hands-free mode, a measurement setup according to clause 9.12.2 of [4] is utilized, including a background noise playback system according to TS 103 224 [7]. For each device, the five noises according to Table 2 are evaluated.

[bookmark: _Ref504660165]Table 2: Background noises for handheld hands-free
	Name
	Description acc. to [7]
	Hands-free Levels

	Full-size car 130 km/h (FullSizeCar_130)
	HATS and microphone array at co-driver’s position
	1: 69,5 dB 2: 68,6 dB
3: 68,6 dB 4: 68,7 dB
5: 68,8 dB 6: 68,8 dB
7: 69,2 dB 8: 69,7 dB

	Crossroadnoise (Crossroadnoise)
	HATS and microphone array standing outside near a crossroad
	1: 69,9 dB 2: 69,6 dB
3: 69,6 dB 4: 69,9 dB
5: 69,6 dB 6: 69,5 dB
7: 69,6 dB 8: 69,7 dB

	Cafeteria (Cafeteria)
	HATS and microphone array inside a cafeteria
	1: 69,0 dB 2: 69,7 dB
3: 69,6 dB 4: 69,8 dB
5: 69,5 dB 6: 69,5 dB
7: 69,7 dB 8: 70,0 dB

	Sales Counter (SalesCounter)
	HATS and microphone array in a supermarket
	1: 65,5 dB 2: 65,3 dB
3: 65,2 dB 4: 65,5 dB
5: 65,6 dB 6: 65,3 dB
7: 65,2 dB 8: 65,3 dB

	Callcenter 2 (Callcenter)
	HATS and microphone array in business office
	1: 59,3 dB 2: 59,3 dB
3: 59,5 dB 4: 59,6 dB
5: 59,4 dB 6: 59,3 dB
7: 59,3 dB 8: 59,5 dB
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	[bookmark: _Ref504664725]Figure 7: Results for handheld hands-free mode, TS 103 281 model A, N-MOS
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	Figure 8: Results for handheld hands-free mode, TS 103 281 model A, S-MOS
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	[bookmark: _Ref504664699]Figure 9: Results for handheld hands-free mode, TS 103 281 model B, N-MOS
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	Figure 10: Results for handheld hands-free mode, TS 103 281 model B, S-MOS
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	Figure 11: Results for handheld hands-free mode, combined model A+B, N-MOS
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	[bookmark: _Ref504664726]Figure 12: Results for handheld hands-free mode, combined model A+B, S-MOS




5. Conclusions
Based on the collected data so far, statistical metrics as shown in Table 3 can be derived from the boxplots (column “Average”) presented in the previous sections. These numbers may help to determine possible performance requirements and objectives.

[bookmark: _Ref504665998]Table 3: Statistics derived from current status of investigation
	Mode
	Attribute
	Model
	Min
	Q25
	Avg
	Median
	Q75
	Max

	HS
	S-MOS
	A
	3.77
	3.83
	3.93
	3.87
	4.05
	4.17

	
	
	B
	4.19
	4.33
	4.35
	4.34
	4.39
	4.53

	
	
	A+B
	4.01
	4.08
	4.14
	4.13
	4.21
	4.25

	
	N-MOS
	A
	2.80
	3.13
	3.58
	3.79
	3.90
	4.19

	
	
	B
	2.98
	3.49
	3.67
	3.69
	4.01
	4.22

	
	
	A+B
	2.91
	3.33
	3.63
	3.72
	3.93
	4.19

	HF
	S-MOS
	A
	3.20
	3.26
	3.40
	3.37
	3.48
	3.78

	
	
	B
	3.29
	3.33
	3.68
	3.72
	3.88
	4.27

	
	
	A+B
	3.25
	3.29
	3.54
	3.54
	3.67
	4.02

	
	N-MOS
	A
	1.89
	2.56
	2.68
	2.67
	2.90
	3.09

	
	
	B
	2.36
	2.60
	2.78
	2.75
	2.87
	3.40

	
	
	A+B
	2.12
	2.64
	2.73
	2.71
	2.87
	3.25



With this updated pool of measured devices, the number of evaluated devices now exceeds the minimum amount of ten devices according to the WID [1]. This allows the derivation of performance requirements and objectives for the combined model approach (A+B). The source proposes the following limits for…

Handset mode:
· Performance objectives:
· S-MOS-LQOfb ≥ 4.1
· N-MOS-LQOfb ≥ 3.4
· Performance requirements:
· S-MOS-LQOfb ≥ 3.9
· N-MOS-LQOfb ≥ 2.9

Handheld hands-free mode:
· Performance objectives:
· S-MOS-LQOfb ≥ 3.4
· N-MOS-LQOfb ≥ 2.4
· Performance requirements:
· None
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