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Introduction
During the discussions of the work item SPAN [1], several questions and comments regarding the comparability and reproducibility between different labs regarding the prediction models according to ETSI TS 103 281 [2] came up. These are 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 [3]).
This contribution provides comparison data for four devices in handset and handheld hands-free mode. Since TS 26.131 [4] and 26.132 only evaluate S- and N-MOS, G-MOS is not considered in the following analyses. Only scores of model A according to ETSI TS 103 281 [2] are considered.

Measurement rooms
The parameters of the measurement rooms evaluated in this study are described in Table 1. 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 1: 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



Results per background noise
The following sections evaluate the measurement results for each of the eight (handset) respectively five (hands-free) background noises. In addition, the average over all noises is provided.
[bookmark: _GoBack]Two cases need to be considered: Testing a device in different measurement rooms and testing a device multiple times in the same room. Due to time constraints, not all devices could be evaluated and re-tested in all measurement rooms. The time span between re-tests was at least 4 months. It is denoted in the legends of the result figures which rooms were used and if a re-test was carried out.

Handset mode
Figure 1 to Figure 4 illustrate the results for the devices DUT-11, 17, 18 and 19. Values in brackets in the legend of each graph indicate the corresponding average S- or N-MOS over all conditions.
	[image: ]

	[bookmark: _Ref518048521]Figure 1: Results per background noise for DUT-11
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	Figure 2: Results per background noise for DUT-17
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	Figure 3: Results per background noise for DUT-18
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	[bookmark: _Ref518048522]Figure 4: Results per background noise for DUT-19



For the estimation of a worst-case deviation per device, Table 2 provides the maximum absolute deviation per background noise. Note that the last row (label “Average”) does not represent the average of the maximum deviations, but the maximum deviation of the averaged result per device (see last value in graphs of Figure 1 to Figure 4).

[bookmark: _Ref518048723]Table 2: Worst-case estimates for handset mode
	 
	DUT-11
	DUT-17
	DUT-18
	DUT-19

	 
	S-MOS
	N-MOS
	S-MOS
	N-MOS
	S-MOS
	N-MOS
	S-MOS
	N-MOS

	Work Noise Office Callcenter
	0.15
	0.03
	0.05
	0.02
	0.02
	0.12
	0.06
	0.10

	Train Station
	0.11
	0.08
	0.17
	0.12
	0.10
	0.06
	0.14
	0.04

	Pub Noise
	0.19
	0.25
	0.09
	0.27
	0.03
	0.11
	0.02
	0.26

	Outside Traffic Road
	0.11
	0.06
	0.19
	0.28
	0.10
	0.08
	0.05
	0.02

	Outside Traffic Crossroads
	0.04
	0.03
	0.13
	0.04
	0.01
	0.14
	0.06
	0.06

	Mensa
	0.03
	0.09
	0.12
	0.24
	0.05
	0.11
	0.05
	0.05

	Fullsize Car1 130Kmh
	0.12
	0.06
	0.45
	0.45
	0.14
	0.02
	0.14
	0.22

	Cafeteria Noise
	0.10
	0.15
	0.21
	0.08
	0.04
	0.08
	0.02
	0.02

	Average
	0.12
	0.09
	0.13
	0.18
	0.02
	0.07
	0.06
	0.05



Handheld hands-free mode
Figure 5 to Figure 8 illustrate the results for the devices DUT-11, 17, 18 and 19. Values in brackets in the legend of each graph indicate the corresponding average S- or N-MOS over all conditions.
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	[bookmark: _Ref518049126]Figure 5: Results per background noise for DUT-11
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	Figure 6: Results per background noise for DUT-17
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	Figure 7: Results per background noise for DUT-18
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	[bookmark: _Ref518049131]Figure 8: Results per background noise for DUT-19



For the estimation of a worst-case deviation per device, Table 2 provides the maximum absolute deviation per background noise. Note that the last row (label “Average”) does not represent the average of the maximum deviations, but the maximum deviation of the averaged result per device (see last value in graphs of Figure 5 to Figure 8).

Table 3: Worst-case estimates for handheld hands-free mode
	 
	DUT-11
	DUT-17
	DUT-18
	DUT-19

	 
	S-MOS
	N-MOS
	S-MOS
	N-MOS
	S-MOS
	N-MOS
	S-MOS
	N-MOS

	SalesCounter
	0.16
	0.08
	0.13
	0.08
	0.04
	0.05
	0.01
	0.05

	FullSizeCar
	0.03
	0.20
	0.13
	0.08
	0.02
	0.14
	0.05
	0.08

	Crossroadnoise
	0.14
	0.11
	0.18
	0.18
	0.11
	0.14
	0.09
	0.15

	Callcenter2
	0.10
	0.15
	0.15
	0.11
	0.02
	0.09
	0.02
	0.10

	Cafeteria
	0.22
	0.10
	0.23
	0.01
	0.22
	0.14
	0.16
	0.11

	Average
	0.13
	0.12
	0.14
	0.04
	0.07
	0.12
	0.04
	0.10



Updated statistics
The statistical analysis of devices evaluated so far for the SPAN work item [7] included 13 DUTs. Several metrics were provided in order to assist on the determination of performance requirements and objectives: inter-quartile ranges (Q25, Q75), average, median, minimum and maximum values. In the discussions, it was noted that the data does not include uncertainties with respect to inter-room reproducibility. 
If the recently measured devices are regarded as additional inputs to the analysis pool, the impact of different measurement rooms is addressed. Table 4 provides the updated statistics for 23 (virtual) DUTs. Even with this additional data, statistical metrics are very similar to ones shown already in [7].

[bookmark: _Ref518053724]Table 4: Statistics derived from current status of investigation
	Mode
	Attribute
	Min
	Q25
	Avg.
	Median
	Q75
	Max

	HS
	S-MOS
	3.69
	3.83
	3.97
	3.93
	4.10
	4.34

	
	N-MOS
	2.80
	3.70
	3.80
	3.85
	4.16
	4.51

	HF
	S-MOS
	3.20
	3.28
	3.40
	3.37
	3.48
	3.78

	
	N-MOS
	1.90
	2.56
	2.75
	2.74
	2.99
	3.26



Conclusions
For the handset mode, maximum deviations up to 0.45 S- and N-MOS were identified for a particular background noise of DUT-17. This device shows strong non-linear behaviour in noise reduction and is also one of the worst devices within the pool of data. Since this maximum deviation is not consistently present for all other noises, this seems not solely to originate from the measurement room or its equalization. The other three devices obtain differences up to 0.12 (in most cases less than 0.1) MOS for the averaged result. 
For the handheld hands-free mode, DUT-11 and again DUT-17 show the largest maximum deviations between the rooms. Surprisingly, the maximum deviation per background noise is only 0.23 for S-MOS (DUT-17, Cafeteria) and 0.20 for N-MOS (DUT-11, Full-Size Car). All other cases show much lower deviations, mostly below 0.1 S- and N-MOS. An explanation for the in general smaller maximum deviations could be the background noise reproduction system according to TS 103 224 [6], which provides a more accurate sound field simulation than ES 202 396-1 [5]. For upcoming releases, the more accurate sound field reproduction methodology should be considered for handset mode as well.
Based on the updated statistics, the following limits are proposed:
Handset mode:
· Performance objectives:
· S-MOS-LQOfb ≥ 4.1
· N-MOS-LQOfb ≥ 3.5
· Performance requirements:
· S-MOS-LQOfb ≥ 3.8
· N-MOS-LQOfb ≥ 2.9

Handheld hands-free mode:
· Performance objectives:
· S-MOS-LQOfb ≥ 3.4
· N-MOS-LQOfb ≥ 2.6
· Performance requirements:
· None
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