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------------------------- START OF CHANGE 1 -------------------------
5.2
Analysis of modified ambient noise playback systems
5.2.1
Motivation
The noise field simulation system according to ETSI ES 202 396-1 [4] is currently used for handset UE testing in TS 26.132 [3]. Recent investigations (see clause 4.2.3.5.2) indicated drawbacks regarding the reproducibility across different labs, presumably due to manual steps in the equalization process. On the other hand, the system according to ETSI TS 103 224 [5] provides an improved reproduction accuracy by using automated equalization, as e.g. described in clause 4.2.3.5.3. Thus, it seems reasonable to investigate this noise field simulation also for handset testing.

However, one of the issues to resolve is the usage of background noise scenarios for testing. The simulation according TS 103 224 requires suitable eight-channel signals, recorded at the defined positions of reproduction. ES 202 396-1 utilizes two-channel/binaural recordings, which are not available in the aforementioned eight-channel format. For handset UE testing according to TS 26.132, two possible approaches for the usage of ETSI TS 103 224 may be considered:

1. Usage of the noise field simulation and eight-channel background noise scenarios from TS 103 224.
2. Another solution is to retain the binaural scenarios from ES 202 396-1, while using the noise field simulation TS 103 224.
The latter solution may be realized with the recently introduced extension of TS 103 224 (clause 7). This study provides some initial results of this flexible noise field simulation, which utilizes various microphone-/loudspeaker combinations. To investigate the consistency of the reproduced noise field between measurement rooms, identical measurements were carried out in two measurement rooms with several configurations. Comparisons of the resulting sound fields as well as deviation metrics are presented in the following.

5.2.2
Test Setup

5.2.2.1
Configurations 
The recently introduced clause 7 of TS 103 224 provides a flexible and more generic method for noise field simulations. An almost arbitrary number of microphones and loudspeakers can be combined here. For the current evaluation, the two HATS microphones (type 3.3 ears, ID equalization) are used as equalization points. For the playback, the loudspeaker setups 4.1 and 4.0 (four loudspeakers with/without subwoofer) according to ES 202 396-1 are considered. In addition, the default 8.0-setup as described in TS 103 224 is evaluated. Table 1 summarizes the configurations used for this investigation.

Table 1: Noise field simulation configurations
	ID
	Noise simulation spec.
	Loudspeaker setup

	A
	ES 202 396-1
	4.1

	B
	TS 103 224
	4.0

	C
	TS 103 224
	4.1

	D
	TS 103 224
	8.0


Figure 1 illustrates the principle of the different two-point equalizations according to [5] more in detail. In general, all investigated measurement rooms are equipped with eight loudspeakers and a sub-woofer. Depending on the selected configuration, either four (labelled as 1-4 in Figure 1) or eight (labelled as 1-8 in Figure 1) channels are used for equalization and playback. For configuration C, the subwoofer is used as a fifth channel. 
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Figure 1: Possible flexible equalization configurations
For configuration A, the noise field equalization according to ETSI ES 202 396-1 (4.1 setup) is applied according to clause 6.3 of [4]. In a first step, each loudspeaker is individually compensated regarding level and frequency response to the corresponding ear in a range of 120 Hz and 20 kHz. Then the two left-handed (1 and 4 in Figure 1) and two right-handed (2 and 3 in Figure 1) pre-compensated loudspeakers are jointly equalized to the left and right ear. The compensation for level and frequency response is then repeated for the subwoofer in a frequency range between 30 Hz and 120 Hz. The four loudspeaker channels are then delayed by manually determined values. In the two rooms, different delay values were used, but are close to the recommendations as described in [4]. Finally, the overall frequency responses (left output to left ear, right output to right ear) are manually adjusted with IIR filters to comply with the specified tolerance of ±3 dB in the range of 50 Hz and 10 kHz. 
For the configuration B, C and D, sweep-based impulse responses are measured from each used loudspeaker to the two ear microphones. Figure 1 depicts two examples: the two impulse responses h3,L and h3,R are measured between loudspeaker #3 (which is used for configurations B, C and D) and left/right ears. Another example in Figure 1 illustrates the impulse responses h5,L and h5,R between loudspeaker #5 and left/right ears, which are only used for configuration D.
After pre-processing of the impulse responses (clause 6.2.3 of [5]), the inversion filters for each output channel are calculated via matrix inversion (see clause 6.2.4 of [5]) between 50 Hz and 20 kHz, including the modifications for the flexible setups as described in clause 7.4 of [5]. For configuration C, the inversion filters of the sub-woofer are determined in the range of 40 Hz and 120 Hz.
In a final filter adjustment step, all loudspeakers for the configurations B, C and D are active and a suitable real noise recording is used as the so-called “reference signal”, as described in clause 7.3 of [5]. For the current investigation, the first 10.0s of Pub Noise according to ETSI ES 202 396-1 were found to be appropriate for this purpose.
NOTE:
Configuration D seems to be heavily overdetermined: In total, 16 impulse responses are collected for an equalization of only two microphones. However, in this and all other configurations, the accuracy and tolerances as specified in clause 7.5 in [5] were met for both rooms.

5.2.2.2
Evaluation of sound field
In order to investigate the reproduction accuracy across measurement rooms, all introduced equalization methods are analysed at microphone positions, which were not part of the equalization procedure. For this purpose, the eight positions of the fixed array for handset-type and headset terminals as shown in Figure 2 are recorded. These represent relevant positions, where the microphones of the test devices are usually located.

[image: image2.png]



Figure 2: Microphone positions according to [5]
5.2.3
Noise Types

The four noise types as shown in Table 2 are used for the evaluation of the reproduction accuracy.
NOTE:
The test procedures as described in clauses 7/8/9/10.12.1 of [3] (speech quality in the presence of ambient noise) are specified with eight noises. The four noise types of Table 2 were selected as an arbitrary, but also representative subset.
Table 2: Investigated 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)

	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)


5.2.4
Measurement rooms

The dimensions of the measurement rooms evaluated in this study are described in Table 3.
Note: For the present investigation, two rooms (room 1 and 4) were considered. In order to keep the naming / numbering convention consistent across related contributions and studies, the same names as in previous work are used.
Table 3: Measurement rooms
	Name
	Length [m]
	Width [m]
	Height [m]
	Comment

	Room 1
	2.40
	3.40
	2.05
	Semi-anechoic

	Room 4
	1.80
	2.40
	2.05
	Semi-anechoic, rather small chamber


5.2.5
Results
For each measurement room and each background noise, the transfer function in 1/3rd octave bands between the binaural source file and the eight recorded positions was evaluated. Each spectrum of the eight positions is then referenced to the corresponding spectrum of the binaural reference signal. Channel numbers 1 to 3 of the recordings are referenced to the left ear signal, while 4 to 8 are referenced to the right ear signal. Note that this procedure does not change the relation between the different configurations, as the reference signal is identical in all cases.
For the sake of clarity, two simplifications are made for illustration and discussion of the results:
· Only the two microphone positions 5 and 8 according to Figure 2 are considered in the following. These two positions represent typical locations of primary/bottom (pos. 5) and secondary/top (pos. 8) microphones of a device under test.
· Only the background noise Road is presented in this clause. For information, Annex B provides all result curves from all combinations of noise field configurations and background noises.

Figure 3 and Figure 4 show the referenced spectra for each configuration (A, B, C and D according to Table 1) in the two investigated rooms 1 and 4. Each plot contains separate curves for the positions / array channels 5 and 8. Mainly the consistency between rooms is of interest. It is not expected that curves are close to 0 dB for all frequencies, since the curves represent transfer functions between different points in space. Referencing the spectra are mainly intended to perform an energy normalization for better comparison of the different channels.
	[image: image3.png]Meas. vs Ref [dB]

Meas. vs Ref [dB]

Configuration A (Road)
10

—— Room4 (Ch5)
—— Room1 (Ch5)

-10

-15

10

—— Room4 (Ch8)
—— Room1 (Ch8)

-10

-15

102 103 104
Frequency [Hz]




	[image: image4.png]Meas. vs Ref [dB]

Meas. vs Ref [dB]

Configuration B (Road)
10

—— Room1l (Ch5)
—— Room4 (Ch5)

-10

-15

10

5
0

=5
—— Room1 (Ch8)
—— Room4 (Ch8)

-10

-15

102 103
Frequency [Hz]

104






	Figure 3: Referenced spectra of microphones 5 and 8 for configuration A and B, Road noise
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	Figure 4: Referenced spectra of microphones 5 and 8 for configuration C and D, Road noise


In order to quantify the observed differences between the rooms, the maximum and average deviation across frequencies is calculated for each configuration, background noise and microphone position. Table 4 shows the deviation metrics, which are averaged across all eight microphone positions. Additionally, Table 5 provides the deviation metrics averaged across all noise types.
Table 4: Deviations between two rooms, per setup and per background noise
	BGN
	Setup
	Max. Deviation [dB]
	Avg. Deviation [dB]

	Car 130kmh
	A
	11.2
	3.2

	
	B
	4.6
	1.6

	
	C
	4.4
	1.5

	
	D
	3.8
	1.2

	Pub
	A
	7.8
	2.8

	
	B
	5.5
	1.6

	
	C
	5.1
	1.7

	
	D
	3.5
	1.2

	Road
	A
	7.5
	2.9

	
	B
	5.7
	1.6

	
	C
	5.0
	1.5

	
	D
	3.8
	1.2

	Train Station
	A
	8.0
	3.3

	
	B
	6.5
	1.6

	
	C
	5.4
	1.5

	
	D
	4.2
	1.2


Table 5: Deviations between two rooms, per setup
	Setup
	Max. Deviation [dB]
	Avg. Deviation [dB]

	A
	8.6
	3.1

	B
	5.5
	1.6

	C
	5.0
	1.5

	D
	3.8
	1.2


5.2.6
Discussion

For configuration A (simulation according to ES 202 396-1, 4.1 loudspeaker setup), a similarity between the sound fields is clearly present, but also larger deviations occur across the entire frequency range. Up to 7.5 dB difference between the two rooms can be overserved, the average deviation is 2.9 dB.
For configuration B (simulation according to TS 103 224, 4.0 loudspeaker setup), the two noise fields at the considered positions are more aligned than for configuration A, but still show some moderate deviations up to 5.7 dB. Compared to configuration A, the average deviation is reduced by almost the half (1.6 dB).

For configuration C (simulation according to TS 103 224, 4.1 loudspeaker setup), almost no differences to configuration B can be identified. The maximum deviation decreases slightly from 5.7 dB to 5.0 dB, while the average is almost the same (1.5 dB). The additionally used sub-woofer seems to have not much impact on the noise field simulation, since it mainly affects the low-frequencies.

For configuration D (simulation according to TS 103 224, 8.0 loudspeaker setup), the smallest deviation in maximum (3.8 dB) and average (1.2 dB) can be observed, i.e. the sound fields are better aligned across rooms than in all other configurations. The increased number of loudspeakers seem to improve the reproduction accuracy and provide the most consistent results across different measurement rooms.

Similar results can be observed for residual noise types, as shown in Table 4. For configuration A, the car noise which includes a substantial amount of low-frequency energy, shows the largest maximum and average deviations. These cannot be identified for the flexible configurations B, C and D. Here the deviation metrics are similar to the other noise types.
The averaged deviation metrics according to Table 5 show a similar trend as the per-noise results. The three flexible setups (configurations B, C and D) indicate an improved reproduction accuracy compared to configuration A. Here both deviation metrics are approximately halved (A: 8.6 dB Max. / 3.1 Avg.) compared to the most advanced configuration D (3.8 dB Max. / 1.2 dB Avg.).
In general, both deviation metrics decrease with an increasing number of loudspeakers. While the maximum deviation could be decreased from 5.5 dB for configuration B to 3.8 dB for configuration D, the improvement in average is rather small (from 1.6 dB for B to 1.2 dB for D).
5.2.7
Conclusions
This study presented analysis results of several variants of the flexible background noise simulation according to clause 7 of TS 103 224, which are compared to the default setup of ES 202 396-1. The four setups introduced allow the backward compatible usage of the binaural sound sources of ES 202 396-1. The analysis was carried out by recording the noise signals with microphones close to typical terminal microphone locations. These locations were not included in the equalization process, which was exclusively performed at the DRP of the HATS. The reproduction accuracy across different measurement rooms / labs at typical terminal microphone locations was investigated.

For the test conditions used in this study, the default setup according to ES 202 396-1 leads to largest deviations between the two measurement rooms. The reproduction methods using the TS 103 224 equalization method provide more consistent sound fields around the HATS across measurement rooms and deviations between the different test rooms can be reduced. The reproduction accuracy across the investigated rooms can be improved further by increasing the number of loudspeakers, as shown by comparing configuration B and D. However, this observation may need further verification by additional measurements / comparisons.

Still, it must be noted that the noise fields at the locations compared in this study are unknown and possibly incorrect since the recordings were made purely at the DRP of the artificial head. In the presented study, only the similarity across different rooms was considered, not the absolute reproduction accuracy. However, based on the obtained results, the flexible equalization setup may represent a promising alternative to the one according to ES 202 396-1, which is currently used in TS 26.132 for testing UEs in handset mode.
------------------------- START OF CHANGE 2 -------------------------
Annex B:
Detailed results for modified ambient noise playback
B.1
Introduction

As described in clause 5.2.5, all result curves from all combinations of noise field configurations and background noises are provided in this Annex.
B.2
Configuration A
Figure B.1 shows the referenced spectra according to clause 5.2.5 for configuration A (ES 202 396-1 with 4.1 setup).
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	Figure B.1: Referenced spectra for configuration A, all noises


B.3
Configuration B
Figure B.2 shows the referenced spectra according to clause 5.2.5 for configuration B (TS 103 224 with 4.0 setup).
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	Figure B.2: Referenced spectra for configuration B, all noises


B.4
Configuration C
Figure B.3 shows the referenced spectra according to clause 5.2.5 for configuration C (TS 103 224 with 4.1 setup).
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	Figure B.3: Referenced spectra for configuration C, all noises


B.5
Configuration D
Figure B.4 shows the referenced spectra according to clause 5.2.5 for configuration D (TS 103 224 with 8.0 setup).
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	Figure B.4: Referenced spectra for configuration D, all noises
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