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1. Introduction

Work item ATeMPO_SPINE [1] has objectives to develop methods and performance objectives for speakerphone performance in noisy environments.  In [2], it was proposed to use ETSI TS 102 224 [3] for simulation of background noise in speakerphone testing, in place of ETSI ES 202 396-1 [4], currently required in 3GPP TS 26.132 [5].  This contribution presents data taken using both [3] and [4] for testing three commercially available UEs in hand-held speakerphone mode.
2. Methods
The method of [4] employs four loudspeakers while the method of [3] requires eight.  Figure 1 (from [3]) depicts the arrangement of loudspeakers, when used with handset testing.
[image: image1.emf]
Figure 1 Arrangement of loudspeakers (from [3])

Loudspeakers LS2, LS4, LS6, and LS8 were also used for background noise simulation using the method of [4].

2.1. Equalization 

For each set-up, the corresponding equalization methods were used.  For [4], this required the HATS to be placed at the center of the loudspeaker array and equalizing to the two ears.  For [3], the eight-microphone array was placed so that the acoustical center as defined in [3] was at the center of the array.  Figure 2 shows the orientation of the microphone array for hand-held terminals.  
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Figure 2 Position of microphone array for hands-free (from [3])

The HATS was placed at the standard hand-held speakerphone distance from the acoustic center.  The axis of alignment was mid-way between LS5 and LS6.  The HATS was in place while the eight-speaker equalization was conducted. Equalization for both methods met the corresponding requirements. The results for equalization of the eight-speaker set-up are shown in the Appendix.

2.2. Noise types

The noise types used in TS 26.132 [5] are taken from the Binaural recording database included with ES 202 396-1 [4], and are listed in Table 1.
Table 1 Noise conditions from TS 26.132, Table 2d

	Description
	File name
	Duration
	Level
	Type

	Recording in pub
	Pub_Noise_binaural_V2
	30 s
	L: 75,0 dB(A)

R: 73,0 dB(A)
	Binaural

	Recording at pavement
	Outside_Traffic_Road_binaural
	30 s
	L: 74,9 dB(A)

R: 73,9 dB(A)
	Binaural

	Recording at pavement
	Outside_Traffic_Crossroads_binaural
	20 s
	L: 69,1 dB(A)

R: 69,6 dB(A)
	Binaural

	Recording at departure platform
	Train_Station_binaural
	30 s
	L: 68,2 dB(A)

R: 69,8 dB(A)
	Binaural

	Recording at the drivers position
	Fullsize_Car1_130Kmh_binaural
	30 s
	L: 69,1 dB(A)

R: 68,1 dB(A)
	Binaural

	Recording at sales counter
	Cafeteria_Noise_binaural
	30 s
	L: 68,4 dB(A)

R: 67,3 dB(A)
	Binaural

	Recording in a cafeteria
	Mensa_binaural
	22 s
	L: 63,4 dB(A)

R: 61,9 dB(A)
	Binaural

	Recording in business office
	Work_Noise_Office_Callcenter_binaural
	30 s
	L: 56,6 dB(A)

R: 57,8 dB(A)
	Binaural


The noise database included with TS 103 224 [3] contains recordings taken in similar scenarios, captured simultaneously using an 8-microphone array in the handset position, an 8-microphone array in the hands-free position, and binaural recording.  While the scenarios in TS 103 224 are similar to those in ES 202 396-1, the noise recordings are different, and are somewhat different in level.  Table 2 shows the selection made of noises from the TS 103 224 database to correspond to those from ES 202 396-1.
Table 2 Comparison of noise types & levels ([3], [4])
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Note that for TS 103 224, the levels used are those closest to the Left and Right ear, 1 and 7 respectively.  The column at the right shows the level differences for the Right ear between the two databases (positive values indicate higher levels for TS 103 224 recordings).
2.3. Devices
Three commercially available UEs were tested in handheld-speakerphone mode using UMTS with AMR-WB at 12,65 kbps via a base-station stimulator.  The set-up for the hand-held hands-free use case defined in Clause 5.1.3.3 of TS 26.132 [5] was used.  Some device information is provided in Table 3.  All devices appear to have at least two microphone ports, but the number of active microphones in the tested use case is not known.
Table 3 Devices tested

	Device
	Release Date

	A
	March 2013

	B
	July 2013

	C
	February 2014


2.4. Measurements

For each device in Table 3, measurements were taken of the SMOS and NMOS for each of the eight noise types of Table 2.  For the four-speaker set-up, the binaural recordings from both ES 202 396-1 and TS 103 224 were used.  This is so that any differences between performance using the different noise samples in the same method (ES 202 396-1) can be compared to performance differences using the same noise between background noise simulation methods (ES 202 396-1 and TS 103 224).
3. Results
Results are shown below for each device, plotting SMOS (Figures 3, 4, and 5) and NMOS (Figures 6, 7, and 8) for each of the eight noise types.  The means of simulating the noise is labelled in each figure, with “ES” used to indicate simulation via ETSI ES 202 396-1 [4] with noises taken from the same database, “ES w TS” used to indicate simulation via ETSI ES 202 396-1 [4] but binaural noise recordings taken from ETSI TS 103 224 [3], and “TS” used to indicate simulation via ETSI TS 103 224 [3] with 8-channel noises taken from the same.
3.1. SMOS

[image: image4.png]50
a5
40
35

230
® 25

2.0
15
10

mES
HESwWTS
=TS





Figure 3 SMOS for Device A
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Figure 4 SMOS for Device B
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Figure 5 SMOS for Device C

3.2. NMOS
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Figure 6 NMOS for Device A

[image: image8.png]50
45
20

@ 35

g30

=25
20
15
10

D R O S

& F T PSS
o O )
o S F R

mES
MESWTS
=TS





Figure 7 NMOS for Device B
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Figure 8 NMOS for Device C
4. Summary and Conclusions

For device A, the method of simulating the background noise appears to have a larger effect than the different samples of similar scenarios.  For device A, performance is better both for SMOS and NMOS for all noise types when the 8-microphone simulation method of [3] is used.
For devices B and C, the SMOS performance is fairly consistent across noises of similar types, independent of simulation method, except for Road and Train noise, where the differences are due to noise sample rather than simulation type.  The NMOS performance of these two devices also appears to be more strongly influenced by the specific noise sample than by the background noise simulation method.

Regarding the performance of these three devices, when evaluated against the requirements for handset mode in Clause 6.10.2 of 3GPP TS 26.131 [6], devices B and C are meeting and nearly meeting, respectively, the required average values.

Table 4 Performance averaged across noise types

	Device
	ES
	ES w TS
	TS

	
	SMOS
	NMOS
	SMOS
	NMOS
	SMOS
	NMOS

	A
	3,0
	1,9
	3,0
	1,9
	3,4
	2,4

	B
	3,6
	3,6
	3,6
	3,6
	3,6
	3,5

	C
	3,7
	2,9
	3,6
	2,9
	3,6
	2,8


The results for Device A indicate that the increased accuracy of acoustic simulation provided by [3] leads to significant differences in performance in the more-realistic conditions.  Without additional information, the reasons for the differences in performance are not completely clear, but it could be due to usage by the noise reduction algorithm of acoustic cues that are more faithfully reproduced by the method of ETSI TS 103 224.  The source considers this a basis for moving forward with recommending the method of [3] for use in the WID [1].
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Appendix:  Validation results for Hands-free setup according to TS 103 224

Settings of Setup "ETSI5_Handsfree"

	Comment
	ETSI5_Handsfree

	Lower Frequency bound
	50 Hz

	Higher Frequency bound
	20000 Hz

	Setup Creation
	25.03.2015 12:30:39

	Last Equalization
	01.04.2015 12:19:37


Measured impulse responses

	Calibration Position
	
	Fine tuning position
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Impulse responses of filters
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-0.15

-0.1

-50m

0

50m

0.1

0.15

0.2

t/s

0

50m

0.1

0.2

0.25

0.3


	[image: image27.wmf]Filters 2
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Filter Validation

	Name
	Filter Validation

	Comment
	

	Date and Time of Check
	01.04.2015 12:20:28

	Overall Equalization Result
	OK


Level Deviations

	
	Mic 1
	Mic 2
	Mic 3
	Mic 4
	Mic 5
	Mic 6
	Mic 7
	Mic 8

	Calibration pos
	0.11
	-0.31
	0.24
	0.20
	-0.52
	-0.68
	-0.06
	0.02

	Fine tuning pos
	-0.01
	-0.38
	0.12
	0.04
	-0.62
	-0.72
	-0.03
	0.04


Results of single accuracy checks

	Frequency Response I
	50 Hz
	10000 Hz
	OK
	Calibration position

	Frequency Response II
	10000 Hz
	16000 Hz
	OK
	Calibration position

	Average Frequency Response
	50 Hz
	20000 Hz
	OK
	Calibration position

	Mag. of Complex Coherence
	100 Hz
	1000 Hz
	OK
	Calibration position

	Phase of Complex Coherence I
	100 Hz
	1000 Hz
	OK
	Calibration position

	Phase of Complex Coherence II
	1000 Hz
	1500 Hz
	OK
	Calibration position

	Frequency Response I
	50 Hz
	10000 Hz
	OK
	Fine tuning position

	Frequency Response II
	10000 Hz
	16000 Hz
	OK
	Fine tuning position

	Average Frequency Response
	50 Hz
	20000 Hz
	OK
	Fine tuning position

	Mag. of Complex Coherence
	100 Hz
	1000 Hz
	OK
	Fine tuning position

	Phase of Complex Coherence I
	100 Hz
	1000 Hz
	OK
	Fine tuning position

	Phase of Complex Coherence II
	1000 Hz
	1500 Hz
	OK
	Fine tuning position


Diagrams of validation results

	Calibration Position
	Fine tuning position

	Frequency Response I
	50 Hz to 10000 Hz
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	Frequency Response II
	10000 Hz to 16000 Hz
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	Average Frequency Response
	50 Hz to 20000 Hz
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	Mag. of Complex Coherence
	100 Hz to 1000 Hz
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	Phase of Complex Coherence I
	100 Hz to 1000 Hz
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	Phase of Complex Coherence II
	1000 Hz to 1500 Hz
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