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Introduction
For device testing in handset mode, the reproduction accuracy of the system according to ETSI ES 202 396-1 [1] was evaluated across labs with a round-robin test [2]. Also, several variants of the noise field simulation systems according to ETSI TS 103 224 [3] were taken into account: the eight-channel microphone array as well as binaural equalization are considered here, too.
This contribution presents results of the round robin test.
Status of RR-Test
The conducted measurements followed the test plan of the round robin test as specified in [2], no update or modification was necessary. Up to five noise field simulations were tested per bandwidth, device and room.
So far, more than 5100 measurements were collected, each with a duration of at least 80 seconds. This corresponds to more than 113h of recording time.
Noise field simulations
An overview about the investigated noise field simulations is provided in Table 1. The short names in the first column are used in the following clauses to differentiate between the systems. More detailed descriptions are given in clause 5.3.2 of TR 26.921 [4]. Eight noise types according to Tables 1 and 2 of the test plan [2] were used for each noise field simulation to generate the recordings.
[bookmark: _Ref16254713]Table 1: Overview of noise field simulations
	Noise field simulation
(short name)
	Equalization Points
	Noise source from

	ES202
	Ear Mics (2)
	ES 202 396-1
(binaural)

	TS103-4.0
	Ear Mics (2)
	ES 202 396-1
(binaural)

	TS103-4.1
	Ear Mics (2)
	ES 202 396-1
(binaural)

	TS103-8.0
	Ear Mics (2)
	ES 202 396-1
(binaural)

	TS103-HS
	Mics of array (8)
	TS 103 224
(8 Channels)



Devices
The devices according to Table 2 were available for testing. In addition to the test plan, one more device was tested in some of the labs.
[bookmark: _Ref12197878]Table 2: Devices for round robin test
	Device ID
	Manufacturer
	Year
	VoLTE possible
	Test in NB
	Test in WB
	Test in SWB

	DUT 02
	A
	2018
	Yes (only for EVS- SWB)
	Yes
	Yes
	Yes

	DUT 03
	B
	2018
	Yes
	Yes
	Yes
	Yes

	DUT 08
	C
	2015
	No
	Yes
	Yes
	No

	DUT 09
	D
	2012
	No
	Yes
	Yes
	No

	DUT 10
	E
	2014
	No
	Yes
	Yes
	No

	DUT 05
	F
	2018
	Yes
	Yes
	Yes
	Yes

	DUT 04
	F
	2017
	Yes
	Yes
	Yes
	Yes

	DUT 07
	G
	2018
	Yes
	Yes
	Yes
	Yes

	DUT 06
	H
	2018
	Yes
	Yes
	Yes
	Yes

	DUT 39
	I
	2017
	Yes (not for EVS- SWB)
	Yes
	Yes
	No



Four out of these ten devices could not be evaluated in SWB mode due to several reasons (at least in conjunction with test equipment):
· DUT 09 and 10 do not provide LTE functionality (no VoLTE possible).
· DUT 08 offers VoLTE calls in the settings, but none of the codecs worked.
· DUT 39 supports VoLTE calls, but EVS-SWB codec seems not available at all.

Rooms
A detailed description of the participating labs/rooms can be found in S4-190954 [5].
Due to internal restructuring and time constraints, room #6 could only evaluate two devices (DUT 02 & 03) and room #5 could not run the tests for DUT 39.
Additional measurements
After a submission of a liaison statement [6], four devices of the round robin test were kindly provided by CTIA CPWG, sub-working group “Audio”. In return, they asked to provide some basic measurements according to TS 26.132 [7] in NB, WB and SWB mode. These additional measurements were addressed described in the latest test plan [2] and were collected in advance to the ambient noise testing.
Sending Direction:
· DUT Delay (compensated for test equipment delay)
· Frequency Response
· Loudness Rating
· Predicted speech quality acc. to ITU-T P.863 V2.4

Receiving Direction:
· DUT Delay (compensated for test equipment delay)
· Frequency Response
· Loudness Rating (at nominal level)
· Predicted speech quality acc. to ITU-T P.863 V2.4 (at nominal level)
The results of these additional measurements will be reported after finalization of the whole round robin test. A dedicated contribution is expected for SA4#107.

Results for noise field simulation ES 202 396-1
Table 3 to Table 5 show the results of S-MOS and N-MOS of the noise field simulation according to ES 202 396-1 [1] (labelled as ES202 in the following) for NB, WB and SWB mode for all devices and all measurements rooms. Each number is calculated as the average across the eight noise types as described in Table 1 of the test plan (which equals the noise types of TS 26.132 [7]). In addition, the average across rooms is provided in an additional column.
[bookmark: _Ref19541377]Table 3: RR-Test results for ES 202 396-1 noise field simulation (NB)
	 
	S-MOS
	N-MOS

	Room
	R#1
	R#2
	R#3
	R#4
	R#5
	R#6
	Avg.
	R#1
	R#2
	R#3
	R#4
	R#5
	R#6
	Avg.

	DUT
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	DUT 02
	4.19
	4.18
	4.08
	4.21
	4.27
	3.47
	4.07
	3.57
	3.73
	3.30
	3.48
	3.71
	4.09
	3.65

	DUT 03
	4.09
	4.12
	3.94
	3.95
	4.21
	4.04
	4.06
	4.32
	4.48
	4.31
	4.30
	4.42
	4.54
	4.40

	DUT 04
	3.75
	3.88
	3.80
	3.74
	4.04
	
	3.84
	4.48
	4.45
	4.36
	4.40
	4.52
	
	4.44

	DUT 05
	3.99
	3.89
	3.97
	3.95
	4.16
	
	3.99
	4.10
	4.11
	3.93
	3.91
	4.08
	
	4.03

	DUT 06
	3.66
	3.75
	3.90
	3.93
	4.06
	
	3.86
	4.25
	4.39
	4.32
	4.43
	4.50
	
	4.38

	DUT 07
	3.96
	4.00
	3.95
	4.02
	4.12
	
	4.01
	4.48
	4.53
	4.41
	4.51
	4.52
	
	4.49

	DUT 08
	4.06
	4.04
	4.04
	4.06
	4.22
	
	4.08
	3.47
	3.69
	3.43
	3.47
	3.83
	
	3.58

	DUT 09
	4.11
	4.19
	4.03
	4.07
	4.20
	
	4.12
	3.07
	3.51
	3.11
	3.12
	3.59
	
	3.28

	DUT 10
	3.97
	4.01
	3.88
	3.94
	3.99
	
	3.96
	3.71
	3.95
	3.69
	3.79
	3.99
	
	3.83

	DUT 39
	4.08
	4.22
	4.16
	4.15
	
	
	4.15
	4.08
	4.17
	3.98
	4.03
	
	
	4.07



[bookmark: _Ref19550397]Table 4: RR-Test results for ES 202 396-1 noise field simulation (WB)
	 
	S-MOS
	N-MOS

	Room
	R#1
	R#2
	R#3
	R#4
	R#5
	R#6
	Avg.
	R#1
	R#2
	R#3
	R#4
	R#5
	R#6
	Avg.

	DUT
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	DUT 02
	3.95
	4.01
	3.90
	3.98
	4.06
	4.08
	4.00
	3.94
	4.06
	3.70
	3.78
	4.05
	4.37
	3.98

	DUT 03
	3.87
	3.96
	3.90
	3.91
	4.04
	3.96
	3.94
	4.44
	4.41
	4.34
	4.32
	4.43
	4.41
	4.39

	DUT 04
	3.84
	3.97
	3.87
	3.88
	4.02
	
	3.92
	4.18
	4.26
	4.04
	4.04
	4.33
	
	4.17

	DUT 05
	3.79
	3.95
	3.83
	3.91
	4.01
	
	3.90
	4.14
	4.29
	3.89
	4.06
	4.13
	
	4.10

	DUT 06
	3.94
	3.96
	3.80
	3.84
	3.94
	
	3.90
	4.32
	4.49
	4.35
	4.39
	4.51
	
	4.41

	DUT 07
	4.00
	4.02
	3.95
	4.04
	4.09
	
	4.02
	4.16
	4.24
	4.06
	4.11
	4.26
	
	4.17

	DUT 08
	3.77
	3.91
	3.77
	3.84
	4.04
	
	3.87
	3.81
	4.00
	3.76
	3.70
	4.10
	
	3.88

	DUT 09
	3.95
	4.06
	3.89
	3.94
	4.08
	
	3.98
	3.26
	3.57
	3.31
	3.36
	3.63
	
	3.43

	DUT 10
	3.85
	3.94
	3.78
	4.00
	
	
	3.89
	4.24
	4.41
	4.21
	3.75
	
	
	4.15

	DUT 39
	3.85
	3.97
	3.93
	3.94
	
	
	3.92
	4.26
	4.32
	4.18
	4.24
	
	
	4.25




[bookmark: _Ref19541378]Table 5: RR-Test results for ES 202 396-1 noise field simulation (SWB)
	 
	S-MOS
	N-MOS

	Room
	R#1
	R#2
	R#3
	R#4
	R#5
	R#6
	Avg.
	R#1
	R#2
	R#3
	R#4
	R#5
	R#6
	Avg.

	DUT
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	DUT 02
	3.72
	3.84
	3.72
	3.69
	3.91
	3.81
	3.78
	4.18
	4.32
	4.05
	4.27
	4.37
	4.28
	4.24

	DUT 03
	3.76
	3.85
	3.76
	3.74
	4.03
	3.88
	3.84
	4.23
	4.28
	4.11
	4.17
	4.34
	4.33
	4.24

	DUT 04
	3.92
	4.01
	3.82
	3.76
	3.99
	
	3.90
	3.99
	4.05
	3.69
	3.87
	4.10
	
	3.94

	DUT 05
	3.95
	3.95
	3.89
	3.87
	4.06
	
	3.94
	3.74
	3.91
	3.49
	3.78
	3.87
	
	3.76

	DUT 06
	3.52
	
	3.53
	3.48
	3.69
	
	3.56
	4.48
	
	4.47
	4.55
	4.57
	
	4.52

	DUT 07
	3.86
	3.97
	3.75
	3.66
	4.05
	
	3.86
	4.08
	4.16
	3.94
	4.03
	4.21
	
	4.08



Results for noise field simulation TS 103 224 (binaural)
As described in the test plan, also the flexible equalization methods according to ETSI TS 103 224 [3] with different loudspeaker setups were investigated in the round robin test (labelled as TS103-4.0, TS103-4.1 and TS103-8.0 in the following). Since the noise sources used for these equalizations are identical to ES202, similar results are expected.
Narrowband Mode
Results for all noise types, rooms and devices
Figure 1 to Figure 3 provide the results of the three binaural equalization methods compared to the data of ES202 (cf. Table 3) for NB mode. Each combination of device, room and background noise represents one dot in these scatter plots.
[image: ]
[bookmark: _Ref19545980]Figure 1: Results S-/N-MOS for TS103-4.0 vs. ES202 (NB)

[image: ]
Figure 2: Results S-/N-MOS for TS103-4.1 vs. ES202 (NB)

[image: ]
[bookmark: _Ref19545981]Figure 3: Results S-/N-MOS for TS103-8.0 vs. ES202 (NB)


Results for all rooms and devices (average across noises)
Figure 4 to Figure 6 provide the results averaged across the eight noise types for NB mode. Each combination of device and room represents one dot in these scatter plots.

[image: ]
[bookmark: _Ref19545982]Figure 4: Average results S-/N-MOS for TS103-4.0 vs. ES202 (NB)
[image: ]
Figure 5: Average results S-/N-MOS for TS103-4.1 vs. ES202 (NB)
[image: ]
[bookmark: _Ref19545984]Figure 6: Average results S-/N-MOS for TS103-8.0 vs. ES202 (NB)

Wideband Mode
Results for all noise types, rooms and devices
Figure 7 to Figure 9 provide the results of the three binaural equalization methods compared to the data of ES202 (cf. Table 4) for WB mode. Each combination of device, room and background noise represents one dot in these scatter plots.

[image: ]
[bookmark: _Ref19550376]Figure 7: Results S-/N-MOS for TS103-4.0 vs. ES202 (WB)

[image: ]
Figure 8: Results S-/N-MOS for TS103-4.1 vs. ES202 (WB)

[image: ]
[bookmark: _Ref19550377]Figure 9: Results S-/N-MOS for TS103-8.0 vs. ES202 (WB)
Results for all rooms and devices (average across noises)
Figure 10 to Figure 12Figure 6 provide the results averaged across the eight noise types for WB mode. Each combination of device and room represents one dot in these scatter plots.

[image: ]
[bookmark: _Ref19550287]Figure 10: Average results S-/N-MOS for TS103-4.0 vs. ES202 (WB)
[image: ]
Figure 11: Average results S-/N-MOS for TS103-4.1 vs. ES202 (WB)
[image: ]
[bookmark: _Ref19550293]Figure 12: Average results S-/N-MOS for TS103-8.0 vs. ES202 (WB)

Super-wideband Mode
Results for all noise types, rooms and devices
Figure 13 to Figure 15 provide the results of the three binaural equalization methods compared to the data of ES202 (cf. Table 5) for SWB mode. Each combination of device, room and background noise represents one dot in these scatter plots.

[image: ]
[bookmark: _Ref19550435]Figure 13: Results S-/N-MOS for TS103-4.0 vs. ES202 (SWB)

[image: ]
Figure 14: Results S-/N-MOS for TS103-4.1 vs. ES202 (SWB)

[image: ]
[bookmark: _Ref19550439]Figure 15: Results S-/N-MOS for TS103-8.0 vs. ES202 (SWB)

Results for all rooms and devices (average across noises)
Figure 16 to Figure 18Figure 6 provide the results averaged across the eight noise types for SWB mode. Each combination of device and room represents one dot in these scatter plots.

[image: ]
[bookmark: _Ref19550311]Figure 16: Average results S-/N-MOS for TS103-4.0 vs. ES202 (SWB)
[image: ]
Figure 17: Average results S-/N-MOS for TS103-4.1 vs. ES202 (SWB)
[image: ]
[bookmark: _Ref19550312]Figure 18: Average results S-/N-MOS for TS103-8.0 vs. ES202 (SWB)

Results for noise field simulation TS 103 224 (8-channel)
As described in the test plan, also the equalization method based on eight-channel microphone array and eight loudspeakers according to ETSI TS 103 224 [3] were investigated in the round robin test (labelled as TS103-HS in the following). Since the noise sources used for this system are different from ES202, results averaged across noises might have a bias or offset.

[image: ]
Figure 19: Average results S-/N-MOS for TS103-HS vs. ES202 (NB)
[image: ]
Figure 20: Average results S-/N-MOS for TS103-HS vs. ES202 (WB)
[image: ]
Figure 21: Average results S-/N-MOS for TS103-HS vs. ES202 (SWB)

Outlier Analysis
Overview
One major goal of the conducted round robin test is the analysis of consistency across labs. Inconsistencies in results may be explained by several reasons, variance of positioning or inaccurately configured equipment. Examples:
· Measurement equipment components:
· Calibration and equalization of mouth output may be outdated/incorrect.
· (Re-)Positioning of additional measurement microphone (at device input microphone) may vary.
· Noise field simulation 
· Equalization procedure includes manual adjustment (for ES202).
· Calibration of equalization microphones (e.g., ears, microphone array) may be outdated/incorrect.
· Sound field correction of microphones may be incorrectly configured/applied.
· Even slight physical modifications of measurement chamber may impact the equalization.
· Devices under test:
· Noise reduction signal processing may behave highly non-linear and time-invariant.
· Call may drop close to the end of a (longer) measurement series (observed quite often, especially for VoLTE and EVS-SWB). The prediction model determines S-MOS and N-MOS (close) to 1.0, but due to averaging, this may not be directly noticeable in the overall results.
Since the recordings obtained during the round robin test also include side-information (like e.g., silence recordings or acoustic/unprocessed signals close to the device input are available for all devices), more detailed analyse are possible in order to investigate if outliers/unexpected results can be explained by the one or other reason. Several examples of observed inconsistencies in this test are described in the following clauses.
Inconsistency in mouth playback
For Room#5, it was noticed that results for S-/N-MOS were consistently higher than for all other rooms. It was assumed that the level of the mouth playback was not correctly adjusted. By analysing the active speech level according to Recommendation ITU-T P.56 [8], this could only partially be confirmed. Figure 22 shows the ASL across devices and measurement rooms. In most cases, the violet bar (room #5) provides the highest speech level. However, for DUT08, this trend cannot be confirmed and the speech level is identical for all rooms, but could be due to specific gain control. 

[image: ]
[bookmark: _Ref21682207]Figure 22: ASL of uplink signal in silence

In order to investigate this issue more in detail, an analysis of the unprocessed signal was conducted. According to the measurement description of ETSI TS 103 106 and TS 26.132, this signal is captured acoustically with a reference microphone close to the input microphone of the DUT. With an equalized and calibrated mouth playback, any observed variance in these recordings (e.g. due to positioning of the reference microphone) are independent of the signal processing of the DUT. Figure 23 shows a 1/3rd octave band analysis of the unprocessed signal in silence for DUT 08. In contrast to the previous analysis, here a difference of 5-6 dB compared to the four other rooms over the whole frequency range can be observed. This also implies that DUT 08 obviously has a quite strong automatic gain control.
[image: ]
[bookmark: _Ref21687440]Figure 23: Average 1/3rd octave spectrum of silence recording for DUT 08
To quantify this observation in terms of active speech level, the unprocessed signals in silence of DUT 08 of all rooms and bandwidth modes (NB, WB and SWB) were analysed. Table 6 provides the levels according to Recommendation ITU-T P.56 [8]. Here the numbers confirm the spectrum analysis, here the difference of 5-6 dB can be observed as well. 

[bookmark: _Ref21688113]Table 6: ASL of unprocessed signals in silence for DUT 08
	Active Speech Level [dB] 

	Room
	Min.
	Avg.
	Max.

	Room#1
	-12.17
	-12.09
	-12.00

	Room#2
	-13.41
	-13.38
	-13.35

	Room#3
	-13.11
	-13.10
	-13.10

	Room#4
	-12.50
	-12.40
	-12.29

	Room#5
	-7.61
	-7.60
	-7.59



Finally, the ASL analysis was conducted for all rooms, devices and bandwidths, results are shown in Table 7. The highest speech level obtained for Room#5 (-4.43 dB Pa) is even higher than the source file level at MRP (-4.7 dB Pa), which seem not reasonable at all.
[bookmark: _Ref21689730]Table 7: ASL of unprocessed signals in silence for all devices
	Active Speech Level [dB] - Average vs. DUT/Bandwidth

	Room
	Min.
	Avg.
	Max.
	Count

	Room#1
	-13.45
	-12.11
	-10.17
	26

	Room#2
	-13.41
	-11.24
	-7.39
	26

	Room#3
	-13.63
	-11.96
	-10.68
	28

	Room#4
	-15.29
	-13.06
	-9.96
	26

	Room#5
	-8.84
	-7.42
	-4.43
	23

	Room#6
	-11.99
	-11.24
	-9.55
	6



[bookmark: _GoBack]Again, these numbers support the initial assumption that there is an issue with the mouth playback calibration and/or equalization. Unfortunately the set-up in room#5 is not longer available for debugging, for this reason, Room#5 is removed for some further analyses.
Inconsistency of Device
State-of-the-art signal processing in mobile devices may be quite complex, especially for the task of noise reduction. Since it cannot be considered as linear and time-invariant, testing of ambient noise performance is conducted for different noises and across numerous speech samples to compensate for such uncertainty. However, in some exceptional cases, even such advanced tests may fail.
As an example, an outlier of Figure 7 is highlighted in Figure 24 (DUT 10 in WB mode). For ES202, N-MOS was determined as 2.82, for TS103-4.0 to 3.78 (Pub noise). A difference of approximately 1.0 MOS for the same room, noise type, and bandwidth mode seems to be quite high. In addition, this deviation could not be obvserved in NB mode.

[bookmark: _Ref21690829]Figure 24: Results S-/N-MOS for TS103-4.0 vs. ES202 (WB)
This outlier was investigated further in detail. First, the level vs time analysis (time constant 35 ms) was calculated for the uplink signal. Figure 25 shows an excerpt of the recording for DUT 10, room#4 and Pub noise type in WB mode. It can be observed that the speech level is almost identical in both cases, but the residual noise in the speech pauses differ quite a lot. Obviously, the lower performance in N-MOS results from a much higher noise level for ES202.
[image: ]
[bookmark: _Ref21696574]Figure 25: Level vs time analysis (example) ES202 vs TS103-4.0 (room#4, Pub Noise)
As a second analysis, the unprocessed signal of this recording was analysed. The measurement sequence includes some additional trailing pause (80.0-83.0 s), where no speech is active. For this time range, the 1/3rd octave band spectrum was calculated for the noise field simulations ES202 and TS103-4.0 for the two measurements in NB and WB mode, as shown in Figure 26.

[image: ]
[bookmark: _Ref21695227]Figure 26: 1/3rd octave band spectrum of noise-only time range of room#4 (Pub Noise)
As expected, the sound field reproduction is consistent between NB and WB measurements. However, level differences between ES202 and TS103-4.0 are clearly visible, especially for low frequencies (about 10 dB at 150 Hz). The fullband level is determined to 76 dB SPL for ES202 and 77 dB SPL for TS103-4.0. The signal processing seems to react quite sensitive to this very singular deviation in the spectrum, while other devices perform very similar for ES202 and TS103-4.0 (and TS103-4.1) setups with these noise fields.

Variance across rooms
Overview
In order to analyse the variance across rooms, room#1 is (arbitrarily) selected as reference for comparisons. In the following scatter plots, results of all bandwidth modes (NB, WB and SWB) are included. For each comparison, the singular (upper sub-figures, one dot per DUT and noise type) as well as the averaged results (lower sub-figures, one dot per DUT) across background noises are reported.
NOTE 1:	Due to the increased mouth playback level, the results of room#5 are removed for the following analyses.
NOTE 2:	Due to the low number of comparions, the results of room#6 are removed for the following analyses.

ES 202 396-1
[image: ]
[image: ]
Figure 27: Comparison of Room#2 vs Room#1 (ES202)
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Figure 28: Comparison of Room#3 vs Room#1 (ES202)
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Figure 29: Comparison of Room#4 vs Room#1 (ES202)

TS 103 224 (binaural), 4.0 setup
[image: ]
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Figure 30: Comparison of Room#2 vs Room#1 (TS103-4.0)
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Figure 31: Comparison of Room#3 vs Room#1 (TS103-4.0)
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Figure 32: Comparison of Room#4 vs Room#1 (TS103-4.0)


TS 103 224 (binaural), 4.1 setup
[image: ]
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Figure 33: Comparison of Room#2 vs Room#1 (TS103-4.1)
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Figure 34: Comparison of Room#3 vs Room#1 (TS103-4.1)
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Figure 35: Comparison of Room#4 vs Room#1 (TS103-4.1)

TS 103 224 (binaural), 8.0 setup
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Figure 36: Comparison of Room#2 vs Room#1 (TS103-8.0)

[image: ]
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Figure 37: Comparison of Room#3 vs Room#1 (TS103-8.0)

[image: ]
[image: ]
Figure 38: Comparison of Room#4 vs Room#1 (TS103-8.0)


TS 103 224 (8-channel)
[image: ]
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Figure 39: Comparison of Room#2 vs Room#1 (TS103-HS)
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Figure 40: Comparison of Room#3 vs Room#1 (TS103-HS)

[image: ]
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Figure 41: Comparison of Room#4 vs Room#1 (TS103-HS)


Conclusions
· The binaural equalizations TS103-4.0 and TS103-4.1 provide almost identical results as ES202.
· TS103-8.0 seems to provide too optimistic results compared with ES202, TS103-4.0 and TS103-4.1.
· TS103-HS: In general a good matching to ES202, even though the noise types differ.
· NB mode:
· Significant bias/shift for S-MOS in NB
· Slight bias for N-MOS (constant ~ -0.2 MOS)
· WB mode:
· Slight bias for S-MOS (~ -0.1 MOS)
· Almost free of bias for N-MOS
· SWB:
· Almost identical measure, only very slight bias in S- and N-MOS
· Variance across rooms was investigated
· Results in Room#4 show largest variation
· ES202 shows quite some scatter across all rooms
· TS103-4.0, TS103-4.1 and TS103-HS provides quite consistent results, i.e. lowest variance and fewer outliers.
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