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Introduction
The contribution S4-181211 [1] presented data from handset UE tests under ambient noise conditions for two noise field simulation systems. It is worth mentioning that the system according to ETSI ES 202 396-1 [2], which is currently used for handset UE testing in TS 26.132 [3], seems to have drawbacks regarding reproducibility across different labs. On the other hand, the more recent system according to ETSI TS 103 224 [4] obviously improves the reproduction accuracy. In consequence, it was proposed to start a new study item [5] in order to investigate possible differences of the systems across labs and/or measurement rooms.
One of the issues to resolve is the background noise scenarios used for testing. The simulation according TS 103 224 needs eight-channel signals, recorded at the defined positions of reproduction. On the other hand, ES 202 396-1 utilizes two-channel/binaural recordings, which are not available in the eight-channel format. During discussions, two possible approaches for a possible revision/update were highlighted:
1) Usage of the noise field simulation and eight-channel background noise scenarios from TS 103 224.
2) As an interim solution, the noise field simulation TS 103 224 is used, and maintaining the binaural scenarios from ES 202 396-1 at the same time.

The latter solution may be realized with the recently introduced extension of TS 103 224 (clause 7). This contribution provides some initial results of this flexible noise field simulation with 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. A comparison of the resulting sound fields is presented.

Test Setup
Configurations 
The recently introduced clause 7 of TS 103 224 provides a flexible and more generic method for noise field simulations. An almost arbitrary amount 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 202 963-1 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.

[bookmark: _Ref529371766]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 [4] 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. 

[image: ]
[bookmark: _Ref529464336]Figure 1: Possible flexible equalization configurations

In a first step, 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.
It is obvious that the equalization of configuration D seems to be heavily overdetermined: In total, 16 impulse responses are collected for an equalization of only two microphones. However, in all configurations, the accuracy and tolerances as specified in TS 103 224 were met for both rooms.

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: ]
[bookmark: _Ref529349623]Figure 2: Microphone positions according to [4]

Noise Types
The four noise types as shown in Table 2 are used for the evaluation of noise field reproduction accuracy.
[bookmark: _Ref526790501]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)



Measurement rooms
The parameters of the measurement rooms evaluated in this study are described in Table 3, which were already introduced in [1].
Note: For the present investigation, only room 1 and 4 were considered, i.e. room 2 and 3 were not evaluated. In order to keep the naming / numbering convention consistent across several contributions and studies, the same names as in previous data are used in this contribution.

[bookmark: _Ref504665998]Table 3: 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
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 (Note that this procedure does not change the relation between the different configurations as the reference signal is identical in all cases). 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. For the sake of clarity, two simplifications are made for illustration 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 and secondary microphones of a device under test.
· Only the background noise Road is considered in the following. For information, Annex A 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.
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	[bookmark: _Ref529439153]Figure 3: Referenced spectra for configuration A and B, Road noise
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	[bookmark: _Ref529439154]Figure 4: Referenced spectra for configuration C and D, Road noise



For configuration A (simulation according to ES 202 396-1, 4.1 loudspeaker setup), a certain similarity between the sound fields is present, but obviously also larger deviations occur across the entire frequency range.
For configuration B (simulation according to TS 103 224, 4.0 loudspeaker setup), the two noise fields at the considered positions are much better aligned than for configuration A, but still show some moderate deviations.
For configuration C (simulation according to TS 103 224, 4.1 loudspeaker setup), almost no differences to configuration B can be identified. This is not a surprising result, since both are quite similar. The additionally used sub-woofer does not have much impact on the noise field simulation.
For configuration D (simulation according to TS 103 224, 8.0 loudspeaker setup), the smallest deviations can be observed, i.e. the sound fields are much better aligned than in the other configurations. The increased amount of loudspeakers obviously made the reproduction more similar across different measurement rooms.

In order to quantify the observed differences, the maximum and average deviation across frequencies is calculated for each background noise and each microphone position. Table 4 shows the deviation metrics which are averaged across the microphone positions. It can be figured out that for all noises, configuration A performs worst and D best. Configurations B and C are quite close and provide average results close to configuration D, but maximum deviation is often closer to configuration A.
[bookmark: _GoBack]Similar results are obtained when additionally averaging the values of Table 4 across the four background noises, as shown in Table 5. 
[bookmark: _Ref529440675]Table 4: Deviations 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



[bookmark: _Ref529441251]Table 5: Deviations 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



Conclusions
This contribution presented analysis results of several variants of the flexible background noise simulation according to clause 7 of TS 103 224 [4], which are compared to the default setup of ES 202 396-1 [2]. 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 are not included in the equalization process. The equalization was purely performed at the DRP of the HATS. It is the goal of this investigation to investigate the reproduction accuracy across different measurement rooms / labs at the terminal microphone locations.
It could be shown that the default setup according to ES 202 396-1 leads to considerable deviations between the two measurement rooms. The reproduction methods using the TS 103 224 equalization method provide a lot more consistent sound fields around the HATS across measurement rooms and the deviations between the different test rooms can significantly. The reproduction accuracy across the investigated rooms can be improved further by increasing the number of loudspeakers. However, this observation needs 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.. From a technical point of view, the best sound field and reproduction accuracy for positions close to typical mobile terminal microphones can be achieved by the eight-channel equalization and corresponding sound source as described in TS 103 224.
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Annex A: Figures for all noises
Configuration A
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	Figure 5: Referenced spectra for configuration A, all noises





Configuration B
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	Figure 6: Referenced spectra for configuration B, all noises





Configuration C
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	Figure 7: Referenced spectra for configuration C, all noises





Configuration D
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	Figure 8: Referenced spectra for configuration D, all noises
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