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1 Introduction
This contribution presents the WideBand P.835 subjective database which was built by Orange to provide new test conditions to retrain the ETSI model EG 202 396-3 [1]. It represents the latest technology used for noise cancellation in wideband mobile devices from different mobile providers as well as different SNR sweep based on the use of ETSI EG 202 396-1 background noise database [2]. This database is proposed as a candidate to help on the retraining of the ETSI model EG 202 396-3 initiated at 3GPP/SA4.
2 Background noise conditions
Five noise samples were taken from ETSI EG 202 396-1 [2]. Table 1 lists the names, descriptions, and filename taken from ETSI EG 202 396-1. 
Table 1. Noise names and descriptions for Orange database

	Noise type
	Description
	EG 202 396-1 filename

	Car
	Recording at the driver’s position
	Fullsize_Car1_130kmh_binaural

	Road
	Recording at pavement
	Outside_Traffic_Road_binaural

	Train
	Recording at departure platform
	Train_Station_binaural

	Cafeteria
	Recording at sales counter
	Cafeteria_Noise_binaural

	Office
	Recording in business office
	Work_Noise_Office_Callcenter_binaural


For each noise type, 3 different noise levels were considered: the default value as available in [2] and a variation of ±6 dB from this value i.e. (default value – 6 dB) and (default value + 6 dB) (see Table 2). This leads to 3 SNR conditions per noise type. 

Table 2. Noise levels used for Orange database

	Noise type
	EG 202 396-1 filename
	Level

	Car
	Fullsize_Car1_130kmh_binaural
	Default [L: 69.1 dB(A), R: 68.1 dB(A)]

	
	
	Default – 6 dB

	
	
	Default + 6 dB

	Road
	Outside_Traffic_Road_binaural
	Default [L: 74.9 dB(A), R: 73.9 dB(A)]

	
	
	Default – 6 dB

	
	
	Default + 6 dB

	Train
	Train_Station_binaural
	Default [L: 68.2 dB(A), R: 69.8 dB(A)]

	
	
	Default – 6 dB

	
	
	Default + 6 dB

	Cafeteria
	Cafeteria_Noise_binaural
	Default [L: 68.4 dB(A), R: 67.3 dB(A)]

	
	
	Default – 6 dB

	
	
	Default + 6 dB

	Office
	Work_Noise_Office_Callcenter_binaural
	Default [L: 56.6 dB(A), R: 57.8 dB(A)]

	
	
	Default – 6 dB

	
	
	Default + 6 dB


The choice reduced to only 5 different noise types does not strictly comply with requirements in section 2.4 of EATS-3 [3]. However, the inclusion of 3 different levels per noise type (which leads to 15 different noise conditions) finally exceeds the proposed requirements.

A setup in accordance with requirements in EG 202 396-1 was used for noise reproduction technique [2]. The setup which uses the HAE-BGN from HEAD acoustics was based on:

· the use of a room with acoustically treated walls of size 2.5 x 3 m (room height: 2.5 m). In this room the noise floor was less than 30 dBSPL(A).
· the use of 4 loudspeakers and a subwoofer positioned as shown in Figure 1. The subwoofer was positioned in front of the HATS.
· the equalization of the system was performed by the equipment HAE-BGN from HEAD acoustics.

[image: image1.png]



Figure 1. Loudspeaker arrangement in Orange’s acoustically treated room used for recordings

3 Terminal positioning and HATS calibration

For reproduction of the near-end signal, a HATS conforming to ITU-T P.58 [4] was used. The mouth simulator was equalized to achieve the reproduction accuracy described in 3GPP TS 26.132 clause 5.3 [5].

Because only the handset mode testing was considered, the mouth sensitivity gain was adjusted to produce an active speech level of -1.7 dBPa at MRP for a -26dBov input speech signal. 

The devices under test were setup on HATS and the handset mounting position documented as described in 3GPP TS 26.132 clause 5.1.1 [5].

4 Noise reduction techniques
Six wideband mobile devices from 5 different mobile providers were involved in the test (D1, D2, …, D6). They were selected in order to cover as well as possible the performance scale according to GSMA criteria [6]. Figure 2 plots the performance of these mobile devices when measured with the objective procedure over 8 different background noises (see section C2.10.1 in [6]). Some of them have two microphones whereas others only one. 
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Figure 2. NR performance (as per GSMA specification) 
of wideband mobile terminals involved in Orange P.835 subjective test
5 Speech source
The speech source consists of 3 male talkers (m1, m2, m3) and 3 female talkers (f1, f2, f3), all of them being native French speakers. For each talker, 2 sentences (s1, s2) were used. This means that, for each test condition, 12 samples (m1s1, m1s2, m2s1, m2s2, m3s1, m3s2, f1s1, f1s2, f2s1, f2s2, f3s1, f3s2) were evaluated during the P.835 listening test.
The data source consists in 12 samples, which exceeds requirements in EATS-3 section 2.2 [3].
6 Convergence sequence
For each noise type and level, convergence of terminal under test for noise suppression was obtained with the following time sequencing:

1. The terminal was setup and a call was established in noise free conditions,

2. 2 seconds of noise only was applied in the test room with a linear amplitude fade-in from 0 to 2 seconds (noise ramp-up period), immediately followed by

3. 30 seconds of noise only, immediately followed by

4. actual test material to be used for listening panel presentation.

As opposed to convergence sequencing proposed in EATS-3 [3], there was no speech sequence used for convergence and the use of a longer sequence of noise only was chosen. The analysis of the recording showed that all devices had converged well before the speech starts.
7 Recording of test condition samples
A network simulator CMU200 from Rohde & Schwarz was set to WCDMA voice calls with AMR-WB 12.65kbps speech codec. DTX was enabled. The send signal was recorded at the electrical reference point of this network simulator to generate the test conditions (noise suppressed speech) for the subjective test. 
The sending frequency response of the terminals D1 to D6 were measured according to 3GPP TS 26.132 clauses 8.4.1 [5]. Results are presented on Figures 3 to 8.
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Figure 3. Sending frequency response of D1
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Figure 4. Sending frequency response of D2
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Figure 5. Sending frequency response of D3
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Figure 6. Sending frequency response of D4
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Figure 7. Sending frequency response of D5
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Figure 8. Sending frequency response of D6
In addition to the recordings at the electrical reference point of a network simulator, the acoustic signals at primary microphone position were recorded. 

It should be noted that recorded test conditions were all normalized to get an active speech level of -26dBov. The level equalization was performed only for those sections where speech plus noise are present. A high pass pre-filter was applied before level determination in order to decrease the impact of bass-heavy noises. The MatLab tool used for level equalization, compliant with ITU-T P.56, activlev.m is available from [7].
8 Reference conditions
Reference conditions which incorporate a spectral subtraction based distortion were included in the test and are listed in Table 3. These reference conditions are exactly the same as the one provided in EATS-3, Table 2 [3].

Preprocessing of reference conditions was achieved as described in section 2.5 of EATS-3 [3] (use of 78KBP filter, processing of clean speech with the spectral subtraction algorithm in Annex A – 2nd set of parameter – of EATS-3, use of G.191 filter for resampling when needed, use of ITU-T G.191 tool to obtain the targeted SNRs described). As for the test conditions, after noise addition, the noisy reference conditions were normalized again to get an active speech level of -26dBov. The level equalization was performed only for those sections where speech plus noise are present. A high pass pre-filter was applied before level determination in order to decrease the impact of bass-heavy noises.
Table 3. Reference set conditions for wideband testing

	Reference Conditions

	File
	SIG.
	SNR
	Noise Type

	i01
	Source (filtered)
	No Noise
	-

	i02
	Source (filtered)
	10 dB
	Outside_Traffic_Crossroads_binaural

	i03
	Source (filtered)
	20dB
	Outside_Traffic_Crossroads_binaural

	i04
	Source (filtered)
	30dB
	Outside_Traffic_Crossroads_binaural

	i05
	Source (filtered)
	40dB
	Outside_Traffic_Crossroads_binaural

	i06
	NS Level 1, 2nd set of parameters
	No Noise
	-

	i07
	NS Level 2, 2nd set of parameters
	No Noise
	-

	i08
	NS Level 3, 2nd set of parameters
	No Noise
	-

	i09
	NS Level 4, 2nd set of parameters
	No Noise
	-

	i10
	NS Level 3, 2nd set of parameters
	30 dB
	Outside_Traffic_Crossroads_binaural

	i11
	NS Level 2, 2nd set of parameters
	20 dB
	Outside_Traffic_Crossroads_binaural

	i12
	NS Level 1, 2nd set of parameters
	10 dB
	Outside_Traffic_Crossroads_binaural


9 Listening test conditions
The listening test was carried out by and in Orange premises in Lannion (France), where facilities in accordance with recommendations in ITU-T P.800 are available.

This P.835 listening test includes a total of 102 conditions:
· 12 reference conditions

· 90 test conditions [6 mobile devices x 5 noise types x 3 SNR]

All test conditions were processed with 6 talkers and 2 sentences per talker. The reference conditions were processed with 6 talkers and 1 sentence per talker. This means that a total of 1152 votes [90 conditions x 6 talkers x 2 sentences + 12 reference conditions x 6 talkers x 1 sentence] per subject was collected leading to a total duration of approximately 8 hours (listening and voting sequence -speech / background noise / overall quality- duration was evaluated to about 24 s). In order to keep the test in a size affordable by the subjects, it was decided to split it into 6 sub-experiments of 2 hours testing. Each sub-experiment began with 10 preliminary conditions and was followed by 8 sessions of 24 trials with P.835 triple notation (10 minute duration for each session). 

The testing was organised into 6 groups of 4 subjects. Half of the groups had the questioning speech / background noise / overall quality and the other half had background noise / speech / overall quality. For presentation 3 different randomisations were used (see Table 4). The randomisations were constructed in twelve blocks, each session being composed of 2 blocks of randomisation.
Table 4. Randomisations used for Orange P.835 listening test
	Group
	Voting
	Randomisation

	G1
	speech / background noise/ overall quality
	R1

	G2
	background noise / speech/ overall quality
	R1

	G3
	speech/ background noise/ overall quality
	R2

	G4
	background noise/ speech/ overall quality
	R2

	G5
	speech/ background noise/ overall quality
	R3

	G6
	background noise/ speech/ overall quality
	R3


A total of 24 naïve native French speakers participated, listening monaurally at 79 dBSPL. A total of 288 votes were collected for each of the 90 test conditions [24 votes per sample x 6 talkers x 2 sentences per talker].
10 P.835 WB listening test results
Analysis of reference conditions scoring shows that auditory scores vary as expected with very small confidence intervals (see Figure 9): S-MOS has quite high values (above 4,1) and N-MOS increases from 1.6 to 3.8 for condition i02 to i05. The opposite behavior is observed for condition i06 to i09: while N-MOS remains constant and equal to 4.9 MOS, S-MOS increases from 1.4 MOS to 3.8 MOS. The majority of the MOS scale is properly covered with the reference set: S-MOS varies from 1.43 to 4.77, N-MOS from 1.34 to 4.96, and G-MOS from 1.5 to 4.8.
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Figure 9. P.835 auditory MOS for reference conditions
Subjective results for test conditions are presented on a per background noise type basis on Figures 10 to 14. Captions “+6 dB”, “0 dB” and “-6 dB” are used to define the level of the background noise and stand respectively for level at default value + 6 dB, at default value, and at default value – 6 dB. Mean Opinion Scores and corresponding confidence intervals are plotted for each scale (Speech, Noise, and Overall Quality).
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Figure 10. P.835 auditory MOS for test conditions with Fullsize Car noise
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Figure 11. P.835 auditory MOS for test conditions with Road noise
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Figure 12. P.835 auditory MOS for test conditions with Train noise
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Figure 13. P.835 auditory MOS for test conditions with Cafeteria noise
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Figure 14. P.835 auditory MOS for test conditions with Office noise
11 Conclusion
This contribution is a description of the P.835 subjective wideband database proposed by Orange for the retraining of the ETSI model 202 396-3. Some small differences with respect to the requirements specified in EATS-3 are pointed out but some other requirements are exceeded which results in a huge database to retrain the model: for each evaluated sample ([90 tests conditions x 6 talkers x 2 sentences per talker] + [12 reference conditions x 6 talkers x 1 sentence per talker] = 1152 samples as a total), a total of 24 votes was collected and 3 signals were recorded (clean, unprocessed at primary microphone and processed).
Orange volunteers to propose a similar database limited to the 3 noise types which were not included here (Crossroads, Mensa and Pub) for validation of the remapped model.
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