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------------------------- START OF CHANGE 1 -------------------------
5.4	Round Robin Test on Noise Field Simulations with UEs
5.4.1	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. Several variants of the noise field simulation systems according to ETSI TS 103 224 [3] were taken into account as well: the eight-channel microphone array as well as binaural equalization are considered here, too.
Up to five noise field simulations were tested per bandwidth, device and room. More than 5100 measurements were collected, each with a duration of at least 80 seconds. This corresponds to more than 113h of recording time.
The following clauses present detailed results of this round robin test, the corresponding test plan is provided in Annex C.

5.4.2	Noise Field Simulations
An overview about the investigated noise field simulations is provided in Table 21. 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. Eight noise types according to Tables 11, 12 and 13 as per clause clause 5.3.2 were used for the different noise field simulation to generate the recordings.
[bookmark: _Ref16254713]Table 21: 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)



5.4.3	Devices
The devices according to Table 22 were available for testing. In addition to the test plan, one more device was tested in some of the labs.
[bookmark: _Ref29542972][bookmark: _Ref29542968]Table 22: 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.
5.4.4	Rooms/Labs
The participating labs/rooms were identical to the ones described in clause 5.3.4. A detailed description regarding geometry, acoustic room parameters, and results of the noise field equalization procedures can be found here.
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.
5.4.5	Additional measurements
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 [3] in NB, WB and SWB mode. These additional measurements were addressed described in the test plan (see Annex C) 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)
5.4.6	Results for noise field simulation ES 202 396-1
Table 23 to Table 25 show the results of S-MOS and N-MOS of the noise field simulation according to ES 202 396-1 [4] (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 [3]). In addition, the average across rooms is provided in an additional column.
[bookmark: _Ref19541377]Table 23: 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 24: 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 25: 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



5.4.7	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 [5] 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.
5.4.7.1	Narrowband Mode
5.4.7.1.1	Results for all noise types, rooms and devices
Figure 105 to Figure 107 provide the results of the three binaural equalization methods compared to the data of ES202 (cf. Table 23) for NB mode. Each combination of device, room and background noise represents one dot in these scatter plots.
[image: ]
[bookmark: _Ref19545980]Figure 105: Results S-/N-MOS for TS103-4.0 vs. ES202 (NB)

[image: ]
Figure 106: Results S-/N-MOS for TS103-4.1 vs. ES202 (NB)

[image: ]
[bookmark: _Ref19545981]Figure 107: Results S-/N-MOS for TS103-8.0 vs. ES202 (NB)

5.4.7.1.2	Results for all rooms and devices (average across noises)
Figure 108 to Figure 110 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 108: Average results S-/N-MOS for TS103-4.0 vs. ES202 (NB)
[image: ]
Figure 109: Average results S-/N-MOS for TS103-4.1 vs. ES202 (NB)
[image: ]
[bookmark: _Ref19545984]Figure 110: Average results S-/N-MOS for TS103-8.0 vs. ES202 (NB)

5.4.7.2	Wideband Mode
5.4.7.2.1	Results for all noise types, rooms and devices
Figure 111 to Figure 113 provide the results of the three binaural equalization methods compared to the data of ES202 (cf. Table 24) for WB mode. Each combination of device, room and background noise represents one dot in these scatter plots.

[image: ]
[bookmark: _Ref19550376]Figure 111: Results S-/N-MOS for TS103-4.0 vs. ES202 (WB)

[image: ]
Figure 112: Results S-/N-MOS for TS103-4.1 vs. ES202 (WB)

[image: ]
[bookmark: _Ref19550377]Figure 113: Results S-/N-MOS for TS103-8.0 vs. ES202 (WB)
5.4.7.2.2	Results for all rooms and devices (average across noises)
Figure 114 to Figure 116 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 114: Average results S-/N-MOS for TS103-4.0 vs. ES202 (WB)
[image: ]
Figure 115: Average results S-/N-MOS for TS103-4.1 vs. ES202 (WB)
[image: ]
[bookmark: _Ref19550293]Figure 116: Average results S-/N-MOS for TS103-8.0 vs. ES202 (WB)

5.4.7.3	Super-wideband Mode
5.4.7.3.1	Results for all noise types, rooms and devices
Figure 117 to Figure 119 provide the results of the three binaural equalization methods compared to the data of ES202 (cf. Table 25) for SWB mode. Each combination of device, room and background noise represents one dot in these scatter plots.

[image: ]
[bookmark: _Ref19550435]Figure 117: Results S-/N-MOS for TS103-4.0 vs. ES202 (SWB)

[image: ]
Figure 118: Results S-/N-MOS for TS103-4.1 vs. ES202 (SWB)

[image: ]
[bookmark: _Ref19550439]Figure 119: Results S-/N-MOS for TS103-8.0 vs. ES202 (SWB)

5.4.7.3.2	Results for all rooms and devices (average across noises)
Figure 120 to Figure 122 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 120: Average results S-/N-MOS for TS103-4.0 vs. ES202 (SWB)
[image: ]
Figure 121: Average results S-/N-MOS for TS103-4.1 vs. ES202 (SWB)
[image: ]
[bookmark: _Ref19550312]Figure 122: Average results S-/N-MOS for TS103-8.0 vs. ES202 (SWB)

5.4.8	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 [5] 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.
Figure 123 to Figure 125 provide the results averaged across the eight noise types for NB, WB and SWB mode as listed in Table 12. Similar as in the previous clauses, the abscissas axes show the corresponding result for ES202 for each device. Since different underlying noise types are compared here, offsets or shifts might be included in the data. To illustrate such possible shifts, a linear regression line and corresponding coefficients are depicted in the plots as well.
[image: ]
[bookmark: _Ref29544640][bookmark: _Ref29544635]Figure 123: Average results S-/N-MOS for TS103-HS vs. ES202 (NB)
[image: ]
[bookmark: _Ref29807482]Figure 124: Average results S-/N-MOS for TS103-HS vs. ES202 (WB)
[image: ]
[bookmark: _Ref29544642]Figure 125: Average results S-/N-MOS for TS103-HS vs. ES202 (SWB)
5.4.9	Outlier Analysis
5.4.9.1	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 influence 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.
5.4.9.2	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 [7], this could only partially be confirmed. Figure 126 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 126: 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 [6] and TS 26.132 [3], 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 127 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 127: 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 26 provides the levels according to Recommendation ITU-T P.56 [7]. Here the numbers confirm the spectrum analysis, here the difference of 5-6 dB can be observed as well. 

[bookmark: _Ref21688113]Table 26: 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 27. 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 27: 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



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 no longer available for debugging; for this reason, Room#5 is removed for some further analyses.
5.4.9.3	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 111 is highlighted in Figure 128 (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 observed in NB mode.

[bookmark: _Ref21690829]Figure 128: 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 129 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 129: 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 130.

[image: ]
[bookmark: _Ref21695227]Figure 130: 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.
5.4.10	Variance across rooms
5.4.10.1	Overview
In order to analyse the variance across rooms, the average results across all rooms are use as reference for comparisons in the following (denoted as "Room#Avg"). In the following scatter plots, results of all bandwidth modes (NB, WB and SWB) are included. For each comparison, the singular as well as the averaged results 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 comparisons, the results of room#6 are removed for the following analyses.



5.4.10.2	ES 202 396-1
Figure 131 to Figure 134 provide the comparison results for ES202 of rooms #1 to #4 versus the average across all rooms. The upper sub-figures shows the results for each single noise type (one dot per DUT and noise type) and the lower sub-figures show the averaged results across eight noise types (one dot per DUT).
[image: ]
[image: ]
[bookmark: _Ref29545859][bookmark: _Ref29545854]Figure 131: Comparison of Room#1 vs Room#Avg (ES202)

[image: ]
[image: ]
Figure 132: Comparison of Room#2 vs Room#Avg (ES202)


[image: ]
[image: ]
[bookmark: _Ref29545861]Figure 133: Comparison of Room#3 vs Room#Avg (ES202)

[image: ]
[image: ]
[bookmark: _Ref29895189]Figure 134: Comparison of Room#4 vs Room#Avg (ES202)


5.4.10.3	TS 103 224 (binaural), 4.0 setup
Figure 135 to Figure 138 provide the comparison results for TS103-4.0 of rooms #1 to #4 versus the average across all rooms. The upper sub-figures shows the results for each single noise type (one dot per DUT and noise type) and the lower sub-figures show the averaged results across eight noise types (one dot per DUT).
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[bookmark: _Ref29895222]Figure 135: Comparison of Room#1 vs Room#Avg (TS103-4.0)
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Figure 136: Comparison of Room#2 vs Room#Avg (TS103-4.0)
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[bookmark: _Ref29546180]Figure 137: Comparison of Room#3 vs Room#Avg (TS103-4.0)
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[bookmark: _Ref29895229]Figure 138: Comparison of Room#4 vs Room#Avg (TS103-4.0)


5.4.10.4	TS 103 224 (binaural), 4.1 setup
Figure 139 to Figure 142 provide the comparison results for TS103-4.1 of rooms #1 to #4 versus the average across all rooms. The upper sub-figures shows the results for each single noise type (one dot per DUT and noise type) and the lower sub-figures show the averaged results across eight noise types (one dot per DUT).
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[bookmark: _Ref29546183][bookmark: _Ref29825315]Figure 139: Comparison of Room#1 vs Room#Avg (TS103-4.1)
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Figure 140: Comparison of Room#2 vs Room#Avg (TS103-4.1)
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Figure 141: Comparison of Room#3 vs Room#Avg (TS103-4.1)
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[bookmark: _Ref29895258]Figure 142: Comparison of Room#4 vs Room#Avg (TS103-4.1)


5.4.10.5	TS 103 224 (binaural), 8.0 setup
Figure 143 to Figure 146 provide the comparison results for TS103-8.0 of rooms #1 to #4 versus the average across all rooms. The upper sub-figures shows the results for each single noise type (one dot per DUT and noise type) and the lower sub-figures show the averaged results across eight noise types (one dot per DUT).
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[bookmark: _Ref29546280]Figure 143: Comparison of Room#1 vs Room#Avg (TS103-8.0)
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Figure 144: Comparison of Room#2 vs Room#Avg (TS103-8.0)
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[bookmark: _Ref29546281]Figure 145: Comparison of Room#3 vs Room#Avg (TS103-8.0)
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[bookmark: _Ref29895294]Figure 146: Comparison of Room#4 vs Room#Avg (TS103-8.0)



5.4.10.6	TS 103 224 (8-channel)
Figure 147 to Figure 150 provide the comparison results for TS103-HS of rooms #1 to #4 versus the average across all rooms. The upper sub-figures shows the results for each single noise type (one dot per DUT and noise type) and the lower sub-figures show the averaged results across eight noise types (one dot per DUT).
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[bookmark: _Ref29895348]Figure 147: Comparison of Room#1 vs Room#Avg (TS103-HS)
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Figure 148: Comparison of Room#2 vs Room#Avg (TS103-HS)
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Figure 149: Comparison of Room#3 vs Room#Avg (TS103-HS)
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[bookmark: _Ref29895355]Figure 150: Comparison of Room#4 vs Room#Avg (TS103-HS)

5.4.10.7	Average Variance
In order to quantify the variance of the noise field simulation systems, two performance metrics are taken into account. First, RMSE is calculated for each room comparison shown in the previous clauses 5.4.10.2 to 5.4.10.6. The per-background noise as well as per-device results are calculated separately. In addition, also the absolute maximum deviation (AbsMax) between the rooms is used as a performance metric.
For sake of clarity, the metrics are then aggregated across the four room comparisons: RMSE is averaged and for AbsMax, the maximum is provided. This determines two metrics for S- and N-MOS and for each noise field simulation. Table 28 and Table 29 provide these aggregated result metrics.
[bookmark: _Ref29560261]Table 28: Average deviation metrics for per-background noise comparison
	 
	RMSE
	ABSMAX

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

	System
	
	
	
	

	ES202
	0.13
	0.07
	0.86
	0.31

	TS103-4.0
	0.11
	0.07
	0.61
	0.28

	TS103-4.1
	0.11
	0.07
	0.53
	0.35

	TS103-8.0
	0.09
	0.07
	0.47
	0.33

	TS103-HS
	0.10
	0.07
	0.65
	0.35



[bookmark: _Ref29560274]Table 29: Average deviation metrics for per-device comparison
	 
	RMSE
	ABSMAX

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

	System
	
	
	
	

	ES202
	0.10
	0.06
	0.40
	0.15

	TS103-4.0
	0.08
	0.06
	0.29
	0.19

	TS103-4.1
	0.09
	0.06
	0.29
	0.19

	TS103-8.0
	0.07
	0.06
	0.30
	0.20

	TS103-HS
	0.08
	0.06
	0.21
	0.18



5.4.11	Discussion/Summary
5.4.11.1	Comparisons of TS 103 224 (binaural) noise field simulations to ETSI ES 202 396‑1
The round robin test investigated several noise field simulations with real mobile phone devices in multiple labs/rooms. The noise field simulation ES202 and the methodology as currently specified in TS 26.132 [3] serves as a kind of baseline in order to compare per-DUT performance to different simulations.
The binaural equalizations TS103-4.0 and TS103-4.1 provide almost identical results as ES202 across all bandwidths and can be regarded as equivalent. This is not a surprising result, since loudspeaker setups are comparable and equalization procedure of these systems aim to the same target as ES202.
TS103-8.0 seems to provide too optimistic (and thus, non-equivalent) results compared with ES202, TS103-4.0 and TS103-4.1 (see clause 5.4.7). Even though TS103-8.0 provided the most accurate reproduction quality at the artificial ears (see clause 5.3), it seems like that the noise field at the terminal input microphones deviate significantly from ES202, TS103-4.0 and TS103-4.1. However, for all noise field simulations based on binaural recordings, the sound field close to the input microphone of the devices is still not considered at all.
5.4.11.2	Comparison of TS 103 224 (8-channel) noise field simulation to ETSI ES 202 396‑1
For TS103-HS, the binaural noise types cannot be used for the noise field simulation and in consequence similar noise scenarios available in TS 103 224 [5] were selected prior to the round robin test. Nevertheless, in general the per-DUT results obtained with TS103-HS are comparable to ES202. Some bandwidth-dependent observations can be made:
-	NB: A shift (slope ~1.2) for S-MOS can be observed (see Figure 123), leading to decreased results compared to the corresponding per-DUT results of ES202. For N-MOS, a similar but less pronounced bias of approximately ‑0.2 MOS can be determined.
-	WB: A slight bias for S-MOS (≈ -0.1 MOS) is visible, while results for N-MOS are almost free of shift/bias (see Figure 124).
-	SWB: In this case, S- and N-MOS are quite close. Only S-MOS shows a very slight decrease in results compared to the ones of ES202 (see Figure 125).
In general, the selected noise types with TS103-HS provide similar performance results like ES202. Even though some linear shifts can be observed, the rank order remains comparable. A different selection of noise types may lead to even more similar results to ES202 (by e.g., selecting less or different noises).
5.4.11.3	Outlier Analysis
In a dedicated outlier analysis (clause 5.4.9), several issues causing inconsistencies could be found. While in some cases the measurement equipment was not correctly calibrated, also the non-linear and/or time-variant behaviour of the noise reduction provided by the devices may lead to differences across labs. Some example indicated that the noise field simulations TS103‑4.0 and TS103-4.1 might help to reduce variance across labs.
5.4.11.4	Variance across rooms/labs
When comparing the variance (clause 5.4.10), the inter-lab consistency is in general adequate, but also shows some larger deviations. As expected, the deviation metrics improve when the per-device results are investigated, which confirms the currently specified average across background noises in TS 26.132 [3].
For the RMSE metric, all system perform in general similar, except that the ES202 method has a slightly higher variance for N-MOS. For the AbsMax metric, S-MOS performs similar for all systems, with somewhat lower performance for ES202 and TS103-8.0. For N-MOS, the largest outlier can be observed for ES202: With AbsMax = 0.86 (N-MOS) for the per-background noise results and AbsMax = 0.40 (N-MOS) for the per-DUT results, the possible differences between labs are rather high.
The best performance metrics in overall are provided by the TS103-8.0 method. However, as mentioned before, this method, depending on bandwidth, shows some slight deviations of the measured terminal performance results compared to the ES202 method (see clause 5.4.7).
The performance metrics of the TS103-HS method are close to the ones of TS103-4.0/-4.1/-8.0. With AbsMax = 0.21 (N-MOS), the lowest maximum difference is achieved for the per-DUT results. Since different (and in some cases, louder) noise types were used, also a larger overall spread in S- and N-MOS scores can be observed (see scatter plots in clause 5.4.10.6), which does not affect the reproduction accuracy across labs.
However, the data collected in the round robin test indicated that eight-channel and flexible configurations of the noise field simulation according to ETSI TS 103 224 [5] may help to reduce the variance across labs (even though in some cases less pronounced).




------------------------- END OF CHANGE 1 -------------------------


------------------------- START OF CHANGE 2 -------------------------
Annex C:
Test plan for a Round-Robin-Test - Comparison of noise field simulations for handset mode
C.1	Introduction
Questions to answer within the round robin test:
· How good is the reproducibility of the ETSI ES 202 396-1 and ETSI TS 103 224 background noise (BGN) simulation methods across different labs in handset mode?
· Is the flexible method according to TS 103 224 able to provide more consistent results across labs due to the automated equalization procedure – while using the same noise types as for ES 202 396-1?

C.2	Noise Simulation Setup
At least three noise field simulation systems shall be investigated for each considered measurement room:
· ES 202 396-1 (as currently specified by 3GPP TS 26.132 clause 7.12.1, 8.12.1, 9.12.1)
· TS 103 224 (8-channel setup)
· TS 103 224 (flexible setup using the two HATS microphones as equalization points and 4.1 setup). In this case, the ES 202-396-1 noises are used.
· (Optional) TS 103 224 (flexible setup using the two HATS microphones as equalization points and 8.0 setup). In this case the ES 202-396-1 noises are used. 
· (Optional) TS 103 224 (flexible setup using the two HATS microphones as equalization points and 4.0 setup). In this case the ES 202-396-1 noises are used. 


C.3	Noise Types
Eight noises per noise field simulation:
-	binaural recordings from ES 202 396-1 (as currently specified by 3GPP TS 26.132 in clauses 7.12.1, 8.12.1, 9.12.1)
-	8-channel recordings from TS 103 224, listed in Table B.1 below
-	1 silent condition (speech only)

NOTE:	The silent condition is also used for the calibration procedure of the SWB-prediction model according to TS 103 281. In contrast to the noisy measurements, the playback level of speech shall be -4.7 dBPa (skipping the Lombard gain, as specified in TS 103 281).

[bookmark: _Ref5735450]Table B.1: Noise types according to TS 103 224 for round-robin-test
	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)



C.4	Bandwidths & Codec setting
The following bandwidth modes and corresponding codecs shall be used:
1)	NB mode: AMR-NB codec at 12.2 kbit/s
2)	WB mode: AMR-WB codec at 12.65 kbit/s
3)	SWB mode: EVS-SWB codec at 24.4 kbit/s
It was observed that only a limited number of commercially available phones support the EVS-SWB codec in conjunction with test SIM cards. Even though the default bitrate of 24.4 kbit/s is required for TS 26.132, several of the few available devices only operate at 13.2 kbit/s bitrate. Such devices and recordings should not be excluded from the round robin test, as long as the bitrate is reported for each device and all participating labs use the same bitrate. It has to be ensured that the device will otherwise work properly.
For sake of simplification of the measurement setup, the call for NB and WB between phones and radio testers should preferably be established via LTE or WLAN. In case the device cannot connect in this connection mode, circuit switched operation could be used instead – as long as codec and bitrate are consistently configured between these connection modes. All labs shall use the same radio configuration for a given device.

C.5	Devices
The target is to have at least four commercially available devices per bandwidth mode. There may be devices which are tested only in specific bandwidth modes, which lead to more than four devices in sum.
If possible, devices with varying noise reduction performance should be selected (e.g., aggressive and/or very low reduction, older phones). Since it is expected that EVS-SWB codec is available in recent devices of high quality, this demand will most likely not be realized in SWB mode.
The devices according to Table B.2 are currently available for testing.
[bookmark: _Ref12197878]Table B.2: Devices for round robin test
	Device Nbr
	Manufacturer
	Year
	AMR-NB/WB via VoLTE
	Test in NB
	Test in WB
	Test in SWB

	1
	A
	2018
	no
	yes
	yes
	yes

	2
	B
	2018
	yes
	yes
	yes
	yes

	3
	C
	2015
	no
	yes
	yes
	no

	4
	D
	2012
	no
	yes
	yes
	no

	5
	E
	2014
	no
	yes
	yes
	no

	6
	F
	2018
	yes
	yes
	yes
	yes

	7
	F
	2017
	yes
	yes
	yes
	yes

	8
	G
	2018
	yes
	yes
	yes
	yes

	9
	H
	2018
	yes
	yes
	yes
	yes



C.6	Rooms
For each participating lab, at least one measurement room/chamber is investigated. Information to be reported about each room/chamber:
-	Room size
-	Room acoustics: C80 and RT60 (measurements will be provided as part of the test suite)
-	Results of equalizations:
-	TS 103 224 (8 loudspeakers/microphone array): result curve of automated equalization procedure for all 8 microphones (magnitude-only).
-	ES 202 396-1: final equalization curve for left and right ear.
-	TS 103 224 flexible (4.1/4.0/8.0 loudspeaker configuration, left and right ear): result curve of automated equalization procedure for both ears.
Six rooms are going to be tested (four from HEAD acoustics GmbH, two from Intel).

C.7	Test Setup
The following items should be taken into account during testing:
-	Equipment, handset positioning, etc. according to TS 26.132 clause 5.1
-	Test Sequences & speech level according to TS 26.132 clauses 7.12.1, 8.12.1, 9.12.1
-	Test suite to be provided by HEAD acoustics GmbH.
-	Additional and useful basic measurements according to TS 26.132 shall be conducted and results be reported:
-	Sending Direction:
-	Delay
-	Frequency Response
-	Loudness Rating
-	Receiving Direction:
-	Delay
-	Frequency Response
-	Loudness Rating
-	For network access via LTE/WLAN: compensation of clock skew.
-	Predicted speech quality acc. to ITU-T P.863 V2.4 (send and receive)

C.8	Loudspeaker position
Compliant to requirements of ETSI EG 202 396-1 and ETSI TS 103 224. Loudspeaker and HATS position setup shall be reported by participating labs.

C.9	Analysis
Speech quality test method according to TS 26.131/132 shall be used:
-	NB & WB Mode: ETSI TS 103 106
-	SWB Mode: ETSI TS 103 281 (model A)
NOTE:	Even though the unprocessed signal (captured by reference microphone) is not used for the SWB/FB prediction model, it shall be recorded in the same way as for NB and WB. Debugging and further analyses of the reproduced sound field are possible with this extra information.

C.10	Outlier
When conducting measurements as automated as possible (see also next section), several errors like e.g. wrong codec, call abort, playback of wrong or non-present noise type, etc. may be discovered only at a later stage. Strictly spoken, such recordings do neither comply with TS 26.131/132 not with this document and thus, must be repeated. If the commonly used terminals and/or lab access are not available anymore, the recordings shall be excluded for further analysis.
For otherwise valid recordings, outliers regarding S- and N-MOS are difficult to identify during testing - especially when no comparison data of another lab is available. If particular recordings or devices should be included or excluded will be discussed in the group.

C.11	Test procedure
In order to reduce variance in test results, the following test procedures are highly recommended:
-	All DUTs should be tested sequentially within one measurement room
-	All bandwidth modes per DUT should be tested sequentially
-	All noise field simulations per DUT and bandwidth mode should be tested sequentially within one call.
Details of steps for one DUT:
1.	Mount DUT A
2.	Make a call in NB 
a)	Run measurements: Delay, SLR, Frequency response 
b)	Run Silence recording
c)	Run ES 202 396 BGN tests (8 noises)
d)	Run TS 103 224 BGN tests (8 noises)
e)	Run TS 103 224 with ES 202 396 noises (8 noises) (optional: repeat with 8.0 loudspeaker setup)
3.	Make a call in WB
a)	Run Delay, SLR Frequency measurement
b)	Run Silence recording
c)	Run ES 202 396 BGN tests (8 noises)
d)	Run TS 103 224 BGN tests (8 noises)
e)	Run TS 103 224 with ES 202 396 noises (8 noises) (optional: repeat with 8.0 loudspeaker setup)
4.	Make a call in SWB
a)	Run Delay, SLR Frequency measurement
b)	Run Silence recording
c)	Run ES 202 396 BGN tests (8 noises)
d)	Run TS 103 224 BGN tests (8 noises)
e)	Run TS 103 224 with ES 202 396 noises (8 noises) (optional: repeat with 8.0 loudspeaker setup)
5.	Unmount DUT A
6.	Repeat step 1 for each DUT (B, C, D, …)

The order of the steps listed above also helps to reduce overhead of workload by minimizing…
-	Changing / (Re-)mounting DUTs to the HATS
-	Switching of operational modes and codecs per DUT
-	The number of calls between DUT and network simulator

Time estimation for measurements for each bandwidth mode for each DUT:
-	Connecting DUT to system simulator, mounting of phone, configuration of measurement system for the current bandwidth mode / DUT (~ 1h / 60min)
-	Preparation measurements: at least some basic parameters for sending directions should be measured (frequency response, SLR, delay). In addition, a speech recording in silence shall be conducted (~ 10 minutes).
-	Eight noise measurements per bandwidth mode / DUT / noise field simulation. Each measurement is about 90 seconds (~15 minutes), excluding calculation time for the results.
-	Calculation time of the analyses is not regarded here, since this can be done offline at a later stage.

Depending on the test equipment available in each lab, an initial setup time of up to 2 days may be needed for each measurement room.
-	Check that all the devices can make a VoLTE call with CMW (This step is taking much longer than anticipated)
-	Run ES calibration (1/2 day)
-	Run TS calibration (1/4 day)
-	Run TS calibration using ES noise (1/4 day) 

C.12	Example Estimations
Based on the aforementioned estimations, the overall measurement time O is approximately given by:
O = (D * B * 60min) + (D * B) * (10 minutes + N * 15 minutes) * R

With:
D	Number of devices
B	Number of bandwidth modes
N	Number of noise field simulation systems
R	Number of evaluated measurement rooms

EXAMPLE 1:	A single device (D=1) is tested in NB, WB and SWB mode (B=3) with two noise systems (N=2) in one measurement room (R=1). The overall time O is given by:

O = (D * B * 60min) + (D * B) * (10min + N * 15min) * R
O = (1*3*60) + (1*3) * (10 + 2*15) * 1 = 300min (~ 5h)

For each bandwidth (B=1), the time estimation would be:
O = (1*1*60) + (1*1) * (10 + 2*15) * 1 = 100min (~ 1.66h) 
NOTE:	It may be possible to significantly reduce testing time from 5h to 3-4h, since setup time per DUT should decrease (so far: 60min per DUT and bandwidth) once it is successfully connected to the radio tester in one bandwidth mode. Here a worst-case estimation is assumed.
EXAMPLE 2:	Four devices (D=4) tested in all bandwidths (B=3), all noise described systems (N=4) and in two rooms (R=2) leads to:

O = (D * B * 60min) + (D * B) * (10min + N * 15min) * R
O = (4*3*60) + (4*3) * (10 + 4*15) * 2 = 2400min ~ 40h


[bookmark: _GoBack]------------------------- END OF CHANGE 2 -------------------------
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