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------------------------- START OF CHANGE 1 -------------------------
[bookmark: _Toc5805929]5.3	Noise Field Simulations in different Labs	Investigation #2
TBD
[bookmark: _Toc13040226][bookmark: _Toc13069541]5.3.1	Introduction
The study described in the following clauses investigate at the reproducibility of the background noise configurations among various lab by assessing the difference in the noise spectra between measurement at the HATS ear microphones and the reference noise. 
[bookmark: _Ref11860803][bookmark: _Toc13040227][bookmark: _Toc13069542]5.3.2	Noise Field Simulations
[bookmark: _Toc13040228][bookmark: _Toc13069543]5.3.2.1	System according to ES 202 396-1 (binaural noise sources)
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]. It utilizes a 4.1 loudspeaker setup (four satellites and one sub-woofer) for reproduction and is equalized in order to play back binaurally recorded signals. The equalization procedure is conducted in several automated steps, but also manual adjustments for cross-talk cancellation are necessary.
However, 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.
The setup is denoted as ES202 in the following sections.

[bookmark: _Toc13040229][bookmark: _Toc13069544]5.3.2.2	System according to TS 103 224 (8-channel sources)
The noise field simulation according to ETSI TS 103 224 [5] provides an improved reproduction accuracy by:
· An eight-channel microphone array (instead of two ear microphones) as shown in Figure 87, developed in particular for testing of handset and handheld hands-free devices,
· Eight loudspeakers (instead of four loudspeakers and a subwoofer),
· An automated procedure for room equalization and cross-talk cancellation (instead of manual adjustment).

[image: ]
[bookmark: _Ref13001903]Figure 87: Microphone array for handset testing according to ETSI TS 103 224

Due to the different simulation system, the types of noise sources are different as well – instead of binaural noise recordings, eight-channel signals recorded with the same microphone array have to be used. For this purpose, ETSI TS 103 224 provides a sound file database including similar scenarios as in ETSI ES 202 396-1.
The setup is denoted as TS103-HS in the following sections.

[bookmark: _Toc13040230][bookmark: _Toc13069545]5.3.2.3	System according to TS 103 224 (binaural noise sources)
Beside the default handset and hands-free setups, the recently updated version of ETSI TS 103 224 [5] provides an extension for so-called “flexible setups”. Here an arbitrary number of N microphones and M loudspeakers may be used for the equalization procedure, i.e. the automated equalization procedure is generalized to other configurations (with the restriction of N ≥ 2 and M ≥ N). As microphone inputs, the two ears of the HATS were used (N=2). This allows the usage of the same noise types as for ES202. 
Figure 83 illustrates the principle of the different two-point equalizations more in detail. In general, all investigated measurement rooms are equipped with eight loudspeakers and a sub-woofer in order to realize the setups required for ES202 and TS103-HS. Depending on the selected configuration, either four (labelled as 1-4 in Figure 83) or eight (labelled as 1-8 in Figure 83) channels are used for equalization and playback. The subwoofer may also be used as a fifth output channel. 

[image: ]
Figure 88: Possible flexible equalization configurations

For the present study, the following setups with M ≥ 4 loudspeakers were investigated:
· 4.1 (four loudspeaker, one sub-woofer – as specified in ETSI ES 202 396-1)
· 4.0 (without sub-woofer)
· 8.0 (same loudspeaker setup as specified in default setup of ETSI 103 224)

The flexible methodology requires the usage of a so-called “reference sound”, which should be a typical example of the microphone configuration. It seems trivial to simply use an arbitrary binaural recording for this purpose; however, several pitfalls were discovered during the equalization across several measurement rooms: 
· Since the equalization procedure optimizes transfer functions and filter coefficients based on this sound, it is desirable to select a binaural noise which is not included in the later evaluation,
· The reference sound must provide sufficient “binaural content” in order to ensure adequate cross-talk cancellation between left and right ear,
· The reference sound must provide sufficient energy across all frequency bands in order to accurately determine a transfer function between source and recorded channel.
Based on these observations, the binaural noise TrainStation_bin was selected, which is provided in TS 103 224 as the binaural version of the eight-channel recording (see also Table 13).
The setups are denoted as TS103-4.0, TS103-4.1 and TS103-8.0 in the following sections.

[bookmark: _Toc13040231][bookmark: _Toc13069546]5.3.3	Noise Types
According to the descriptions of clauses 7.12.1 (NB), 8.12.1 (WB) and 9.12.1 (SWB/FB) of [2], the binaural noise types as shown in Table 7 are used for the evaluation of noise field simulations ES202, TS103-4.0, TS103-4.1 and TS103-8.0. For the eight-channel system TS103-HS, these identical noise scenarios are not available in the background noise database of ETSI TS 103 224.
However, the noise database here provides similar / related scenarios, which may be used instead. Table 12 shows the eight noise types which are proposed and used for the present study. The database also provides binaural versions of the eight-channel recordings as shown in Table 13.
NOTE 1:	Since the noise recordings are in 8-channel-format, only level information for channel 1 (close to left ear) and 7 (close to right ear) are provided. More information on the specific recordings can be found in clause 8 of ETSI TS 103 224.
NOTE 2:	In the noise database of TS 103 224, there is no equivalent noise condition for “mensa”. The noise “sales counter” is used instead.

Table 11: Noise types acc. to ETSI ES 202 396-1 (binaural)
	Filename
	Duration
	Level (L & R)

	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)

	Outside_Traffic_Crossroads_binaural
	20 s
	L: 69,1 dB(A)
R: 69,6 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)

	Cafeteria_Noise_binaural
	30 s
	L: 68,4 dB(A)
R: 67,3 dB(A)

	Mensa_binaural
	22 s
	L: 63,4 dB(A)
R: 61,9 dB(A)

	Work_Noise_Office_Callcenter_binaural
	30 s
	L: 56,6 dB(A)
R: 57,8 dB(A)



[bookmark: _Ref526791025]Table 12: Noise types acc. to ETSI TS 103 224 (8-channel versions)
	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)



[bookmark: _Ref11860133]Table 13: Noise types acc. to ETSI TS 103 224 (binaural versions of Table 12)
	Filename
	Duration
	Level (L & R)

	Pub_bin
	30 s
	L: 77,7 dB(A)
R: 76,2 dB(A)

	Roadnoise_bin
	30 s
	L: 74,0 dB(A)
R: 74,1 dB(A)

	Crossroadnoise_bin
	30 s
	L: 70,8 dB(A)
R: 71,6 dB(A)

	TrainStation_bin
	30 s
	L: 78,1 dB(A)
R: 78,8 dB(A)

	FullSizeCar_130_bin
	30 s
	L: 68,7 dB(A)
R: 70,7 dB(A)

	SalesCounter_bin
	30 s
	L: 66,7 dB(A)
R: 66,6 dB(A)

	Cafeteria_bin
	30 s
	L: 69,8 dB(A)
R: 70,3 dB(A)

	Callcenter2_bin
	30 s
	L: 60,2 dB(A)
R: 60,0 dB(A)




[bookmark: _Toc13040232][bookmark: _Toc13069547]5.3.4	Measurement rooms
The parameters of the measurement rooms evaluated in this study are described in Table 8. All rooms are equipped with sub-woofer setup for the playback according to ES 202 396-1 [4] and with eight satellite loudspeakers in overall for the playback according to TS 103 224 [5].
Table 14: Measurement rooms
	Company
	Name
	Length [m]
	Width [m]
	Height [m]
	Comment

	HEAD acoustics GmbH
	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

	Intel
	Room#5
	5.57
	4.67
	2.93
	Trapezoidal room

	
	Room#6
	3.60
	3.00
	2.05
	



The equalization procedures of the five noise field simulations as described in clause 2 were successfully applied for all rooms. The binaural as well as the eight-channel transfer functions passed the tolerance of +/- 3 dB across the frequency range 50 Hz to 10 kHz, which is specified in ES 202 396-1 as well as in TS 103 224.
Figure 89 to Figure 93 show the validation results of the equalization procedure for all investigated simulation systems and measurement rooms. Note that Figure 89 to Figure 92 show the left and right ear equalization curves, while Figure 93 shows the eight microphone equalization curves of the spatial array.
It can be seen that binaural equalization using TS 103 224-4.0, TS103-4.1 and TS103-8.0 system yield smoother equalization compared to ES202.
NOTE:	Due to time constraints, Room#6 could not perform equalization and measurements with TS103-4.0.
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[bookmark: _Ref12312896]Figure 89: Validation results of equalization (ES202)
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	Room #6 - N/A


Figure 90: Validation results of equalization (TS103-4.0)
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Figure 91: Validation results of equalization (TS103-4.1)
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[bookmark: _Ref12605505]Figure 92: Validation results of equalization (TS103-8.0)
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[bookmark: _Ref12605495]Figure 93: Validation results of equalization (TS103-HS)


5.3.5	Test Methodology
[bookmark: _Toc13040234][bookmark: _Toc13069549]5.3.5.1	Spectral Analysis
In order to investigate and quantify the reproduction accuracy of the noise field simulations, for each system, lab and noise type the background noise is recorded with the HATS ears. For each single measurement, the 1/3rd octave spectrum for left and right ear microphone is calculated from the recordings and is then referenced to the corresponding spectrum of the original noise source. If the noise field reproduction was perfect, the difference between the measured spectrum and the original reference spectrum should be zero.
For TS103-HS, the binaural versions of the eight-channel recordings are used as the reference spectrum. Table 8 summarizes the various configurations tested in the current investigation. 
Table 15: Configurations of sources and references
	Noise field simulation
	Equalization Points
	Noise source from
	Recording point
	Reference noise

	ES202
	Ear Mics (2)
	ES 202 396-1
(binaural, Table 7)
	Ear Mics
	ES 202 396-1
(binaural, Table 7)

	TS103-4.0
	Ear Mics (2)
	ES 202 396-1
(binaural, Table 7)
	Ear Mics
	ES 202 396-1
(binaural, Table 7)

	TS103-4.1
	Ear Mics (2)
	ES 202 396-1
(binaural, Table 7)
	Ear Mics
	ES 202 396-1
(binaural, Table 7)

	TS103-8.0
	Ear Mics (2)
	ES 202 396-1
(binaural, Table 7)
	Ear Mics
	ES 202 396-1
(binaural, Table 7)

	TS103-HS
	Mics of array (8)
	TS 103 224
(8 Channels, Table 12)
	Ear Mics
	TS 103 224
(binaural, Table 13)



The following definitions apply for the determined spectra and differences:
						Original 1/3rd octave spectrum for left (X=L) or right (X=R) ear at frequency index i.
						Measured 1/3rd octave spectrum for left (X=L) or right (X=R) ear at frequency index i.
	1/3rd octave spectral distance for left (X=L) or right (X=R) ear at frequency index i.
[bookmark: _Toc13040235][bookmark: _Toc13069550][bookmark: _Hlk13044275]5.3.5.2	Error Metrics
In order to quantify the accuracy of each system several error metrics are calculated on the difference between the measured and reference spectrum. Based on the definitions above, the metrics are specified in equations (1,2) for left (X=L) or right (X=R) ear (all on dB scale):
Standard deviation:
		(1)
Absolute maximum deviation:
		(2)
With:
		Average of spectral difference in dB
											Minimum frequency used for metric calculation (50 Hz)
											Maximum frequency used for metric calculation (10 kHz)
											Number of frequencies included in range

Figure 94 depicts two example results of two measured different test cases. The graph displays two spectral differences for the left and right ear. The graph on the left provides a “good” example (regarding metrics), where the transfer function for the noise “Train Station” is almost flat, and results for left and right ear are consistent, whereas the right one shows a “bad” example (regarding metrics), where the transfer function of the noise “Full-size car 130 km/h” shows quite substantial deviations. In addition, there are noticeable differences between left and right ear. Table 16 provides the corresponding metrics for left and right ears.

	[image: ]
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[bookmark: _Ref13002289]Figure 94: Example for “good” (left) and “bad” (right) binaural transfer function

[bookmark: _Ref12607843]Table 16: Deviation metrics for two examples
	
	AbsMax [dB]
	Std [dB]

	Example
	L
	R
	L
	R

	“bad”
	3.60
	6.62
	1.28
	2.30

	“good”
	0.63
	0.63
	0.29
	0.27



[bookmark: _Toc13040236][bookmark: _Toc13069551]5.3.6	Measurement Results
[bookmark: _Toc13040237][bookmark: _Toc13069552]5.3.6.1	Overall Results 
Table 17 shows the overall results for all the rooms, noise and both ears combined for the five different background noise (BGN) configurations. For both metrics AbsMax and Std, the maximum and average across all included cases. The lower the number the better.
[bookmark: _Ref12605999]Table 17: Overall results for the five BGN configuration
	System
	Max (AbsMax) [dB]
	Avg (AbsMax) [dB]
	Max (Std) [dB]
	Avg (Std) [dB]

	ES202
	12.03
	4.38
	3.72
	1.57

	TS103-4.0
	6.31
	2.25
	1.43
	0.66

	TS103-4.1
	6.45
	2.04
	1.77
	0.59

	TS103-8.0
	4.05
	1.70
	1.48
	0.46

	TS103-HS
	9.67
	3.74
	2.21
	1.06



NOTE 1:	For Room#6, there is no data for TS103-4.0 system available.
NOTE 2:	For Room#5, the noise Train_Station_binaural is missing in TS103-4.1.
NOTE 3:	Due to the different equalization points and different noise types used in TS103-HS, this configuration may not be included in all analyses shown in the following clauses.
The ES202 configuration provides the worst metrics, while TS103-8.0 has the best ones (by a factor of about 3 compared to ES202). TS103-4.0 and TS103-4.1 have quite similar results, but still not as accurate as TS103-8.0.
The results of the TS103-HS seem, at first glance, not as good as the binaural configurations of the TS103. But since the ear microphones were not used as equalization points in TS103-HS, higher deviations than for binaural equalizations are expected. Nevertheless, results are still better than for ES202.
[bookmark: _Ref13042809]Table 18: Details for AbsMax metric for the five BGN configuration
	System
	Max (AbsMax) [dB]
	Room
	Noise
	Frequency [Hz]
	Ear

	ES202
	12.03
	#3
	Pub
	50
	R

	TS103-4.0
	6.31
	#2
	FullSizeCar130
	5000
	R

	TS103-4.1
	6.45
	#2
	FullSizeCar130
	5000
	R

	TS103-8.0
	4.05
	#4
	FullSizeCar130
	5000
	R

	TS103-HS
	9.67
	#6
	FullSizeCar130
	10000
	R



Table 18 provides additional information about the maximum AbsMax (first column of Table 17). This aggregated metric can be tracked to a certain measurement room, noise type, frequency band and ear channel. For ES202, the pub noise causes the maximum value at 50 Hz and right ear. For TS103-4.0/-4.1/8.0, the right ear is affected as well, but here the car noise shows the largest deviations, commonly at 5 kHz. The same observation can be made for TS103-HS, but at 10 kHz.
[bookmark: _Toc13040238][bookmark: _Toc13069553]5.3.6.2	Results per Room
Figure 95 and Figure 96 show maximum AbsMax and average Std, respectively, for all noise types and ears as a function of the BGN system and room.
[image: ][image: ]
[bookmark: _Ref12608312]Figure 95: Maximum (top) and average (bottom) AbsMax deviation for all noises and ear depending on the room and BGN system

[image: ][image: ]
[bookmark: _Ref12608315]Figure 96: Maximum (top) and average (bottom) Std for all noises and ear depending on the room and BGN system

It can be seen that the behaviour between the rooms are consistent, with the ES202 giving the worst results in terms of AbsMax and Std. Both decrease consistently from TS103-4.0 to TS103-8.0, whereas the latter one provides the best results.
Due to the different equalization points, increased error metrics TS103-HS are expected. However, across most rooms, the metrics are better than for ES202.


[bookmark: _Toc13040239][bookmark: _Toc13069554]5.3.6.3	Results per Background Noise
Figure 97 and Figure 98 show maximum AbsMax and average Std, respectively, for all rooms and ear in function of the BGN systems and noise types.
NOTE:	Since TS103-HS is used with different noises than the binaural systems, it is excluded in this analysis.

[image: ][image: ]
[bookmark: _Ref12608548]Figure 97: Maximum (top) and average (bottom) AbsMax for all rooms and ear depending on the noise type and BGN system

[image: ][image: ]
[bookmark: _Ref12608552]Figure 98: Maximum (top) and average (bottom) Std for all rooms and ear depending on the noise type and BGN system
Similar trends as before can be observed: ES202 provides the worst results in all four metrics across all noise types. In particular, the error metrics here vary a lot across noises; the Pub noise always obtains much worse results here.
On the other hand, the method TS103-8.0 again obtains the best results, TS103-4.0 and TS103-4.1 are slightly worse. For these configurations a variance across noises is visible as well, but less pronounced.
 
[bookmark: _Toc13040240][bookmark: _Toc13069555]5.3.6.4	Impact of Bandwidth
In this chapter the effect of the bandwidth (BW) is examined, which is used to calculate the error metrics. The limit fN = 10 kHz was chosen according to the validation requirement described in [5]. However, most of the energy in the considered noise signals are located in lower frequencies. In order to investigate the dependency of the error metrics on the frequency, all of them are recalculated with fN = 4 kHz.
Figure 99 and Figure 100 show AbsMax and average Std, respectively, for all rooms and ears as a function of the BGN system and BW limit.
[image: ][image: ]
[bookmark: _Ref12610690]Figure 99: Effect of bandwidth on Maximum (top) and average (bottom) AbsMax for all rooms, noise and ear depending on the BGN system

[image: ][image: ]
[bookmark: _Ref12610691]Figure 100: Effect of bandwidth on Maximum (top) and average (bottom) Std for all rooms, noise and ear depending on the BGN system

It can be noticed that the largest differences between the limits 10 kHz and 4 kHz occur for TS103-HS. Results are much closer to the binaural equalizations TS103-4.0/4.1/8.0. This indicates that most spectral differences of TS103-HS occur in the frequency range 4-10 kHz, respectively that the system reproduces the noise field quite adequate in the low frequency domain. This could be explained by the difference in the calibration point (ears vs. microphone array), which will be more noticeable in high frequency.
For the systems TS103-4.0/4.1/8.0, error metrics also decrease from 10 kHz to 4 kHz. Since these configurations are based on the same equalization methodology as TS103-HS, also these results seem plausible.
On the other hand, error metrics for ES202 do not improve between the two different limits. Only for Avg(AbsMax), there is a very slight improvement. For Std metrics, results even get slightly worse. This indicates that most of the spectral differences occur in the low frequency domain between 50 Hz and 4 kHz.


[bookmark: _Toc13040241][bookmark: _Toc13069556]5.3.7	Discussion
The present study investigated six labs/measurement rooms regarding the reproduction accuracy of noise field simulations. Four binaural (ES202, TS103-4.0, TS103-4.1 and TS103-8.0) and one microphone-array-based (TS103-HS) equalization methods were used. Eight noises each were evaluated and analysed based on spectral difference metrics between recording and original sound.
In overall, the configurations TS103-4.0, TS103-4.1 and TS103-8.0 provided consistently better results than ES202 with respect to the error metrics defined in 5.3.5.2. A subsequent analysis across labs and noise types confirmed this trend.
[bookmark: _GoBack]In several cases, ES202 was even outperformed by TS103-HS with respect to the error metrics defined in 5.3.5.2, in particular for the lower frequency domain below 4 kHz - even though this method was not equalized at the ear microphones. Since the asymmetric microphone array used for TS103-HS provides more equalization points on the right side of HATS (used for testing handset devices), error metrics as defined in 5.3.5.2 may also be even better when leaving out the left ear.
However, the results of this investigation may only give a note/hint about the variance of different rooms and noise field simulations on acoustic performance evaluation of handset terminals according to TS 26.131/132. Only a subsequent measurement series with multiple devices may confirm the impact on handset terminals.

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