TSG SA4#87 meeting
Tdoc S4-160022
25-29 January 2016, Sophia Antipolis, France

Source:
Knowles Inc.
Title:
On performance objectives for sending in the presence of ambient noise
Document for:
Approval
Agenda Item:
9.5
1. Introduction

Work item ATeMPO-SPINE [1] has objectives to:

1. Appropriate test position(s).

2. Adequate reproducibility and repeatability of results for the test position(s).

3. Noise scenarios and speech signals that are representative of speakerphone usage.

4. Appropriate performance objectives.

In [2], the source provided data on the sending performance in noise for 32 devices, with background noise simulated using the method and noise types taken from  ETSI ES 202 396-1 [3].  Based on the results of the round-robin testing described in [4], this contribution presents results on 11 devices using the sound field simulation method described in ETSI TS 103 224 [5].
2. Measurement description
2.1. Measurement set up

The setup for hand-held speakerphone followed that used in the round robin described in [4].  The sound field simulation method described ETSI TS 103 224 [5] was used to generate the noise conditions.  Data were collected for the six noise types listed in Table 1, as was defined in [4].
The full-band speech signal was that from ETSI TS 103 106 [6] presented at a level of +1.3 dB Pa at MRP.  

The devices were mounted at the center of the simulated sound field, following the methods used in the round robin [4].  

Testing for narrowband was conducted with AMR using mode rate 12.2kbit/sec, while testing for wideband was conducted with AMR-WB using mode rate 12.65kbit/sec.
For each bandwidth, each device, and each noise type, values for SMOS and NMOS were computed according to ETSI TS 103 106 [6].

Table 1 Noise types and levels, taken from [5], as tested in [4].
	#
	Name
	Description
	Length
	Hands-free Levels

	1
	Full-size car 130 km/h (FullSizeCar_130)
	HATS and microphone array at co-drivers position
	30 s
	1: 69,5 dB 2: 68,6 dB

3: 68,6 dB 4: 68,7 dB

5: 68,8 dB 6: 68,8 dB

7: 69,2 dB 8: 69,7 dB

	2
	Crossroadnoise (Crossroadnoise)
	HATS and microphone array standing outside near a crossroad
	30 s
	1: 69,9 dB 2: 69,6 dB

3: 69,6 dB 4: 69,9 dB

5: 69,6 dB 6: 69,5 dB

7: 69,6 dB 8: 69,7 dB

	3
	Cafeteria (Cafeteria)
	HATS and microphone array inside a cafeteria
	30 s
	1: 69,0 dB 2: 69,7 dB

3: 69,6 dB 4: 69,8 dB

5: 69,5 dB 6: 69,5 dB

7: 69,7 dB 8: 70,0 dB

	4
	Departure platform (TrainStation)
	HATS and microphone array on the departure platform of a train station
	30 s
	1: 78,7 dB 2: 78,6 dB

3: 78,5 dB 4: 78,6 dB

5: 78,5 dB 6: 78,4 dB

7: 78,5 dB 8: 78,5 dB

	5
	Pub Noise (Pub)
	HATS and microphone array in a pub
	30 s
	1: 75,2 dB 2: 75,1 dB

3: 74,9 dB 4: 75,1 dB

5: 74,8 dB 6: 74,8 dB

7: 74,8 dB 8: 75,0 dB

	6
	Callcenter 2 (Callcenter)
	HATS and microphone array in business office
	30 s
	1: 59,3 dB 2: 59,3 dB

3: 59,5 dB 4: 59,6 dB

5: 59,4 dB 6: 59,3 dB

7: 59,3 dB 8: 59,5 dB


2.2. Narrowband UEs

Data was taken on a total of 11 commercially available UEs, spanning 3 manufacturers, released in years 2013 (1/11; about 9%), 2014 (5/11; about 45%), 2015 (5/11; about 45%).  
2.3. Wideband UEs

Data was taken on subset of 10 of the above devices, spanning 3 manufacturers, released in years 2013 (1/10; 10%), 2014 (4/10; 40%), 2015 (5/10; 50%).
3. Results

3.1.  Narrowband results

Distributions of SMOS and NMOS scores for each noise type for narrowband are shown in detail in Appendix 1.  As the goal of ATeMPO-SPINE is to produce performance objectives, the distributions were examined and the median value for each distribution was selected as a proposal for a performance objective, as was considered in [2].  Table 2 shows the median value of SMOS and NMOS for each noise type across all 11 devices, as well as for averages across devices using two schemes, one including all noise types, and one excluding Pub from the average.
Table 2 Median and average values of SMOS and NMOS for narrowband
	Noise
	SMOS
	NMOS

	Office call center
	4.06
	2.88

	Cafeteria
	3.53
	2.18

	Car 130kmh
	3.49
	3.30

	Crossroad
	3.31
	2.74

	Train
	2.43
	1.63

	Pub
	2.74
	1.90

	AVG, all
	3.43
	2.84

	AVG, no Pub
	3.55
	2.94


3.2. Wideband results
Distributions of SMOS and NMOS scores for each noise type for wideband are shown in detail in Appendix 2.  Table 3 shows the median value of SMOS and NMOS for each noise type across all 10 devices, as well as for averages across the 10 devices using two schemes, one including all noise types, and one excluding Pub from the average.
Table 3 Median values of SMOS and NMOS for wideband

	Noise
	SMOS
	NMOS

	Office call center
	4.07
	2.95

	Cafeteria
	3.79
	2.26

	Car 130kmh
	3.79
	3.05

	Crossroad
	3.41
	3.07

	Train
	2.23
	2.61

	Pub
	3.33
	2.27

	AVG, all
	3.55
	3.03

	AVG, no Pub
	3.57
	3.16


4. Discussion and Proposal
In S4-151033 [7], the source presented data on intelligibility, listening quality, and listening effort for hand-held speakerphone in the receiving direction in the presence of noise.  The conclusion of that work was that Pub noise results in ratings of Listening Effort between 2 “Considerable effort required” and 1 “No meaning understood with any feasible effort”.  As Road noise has even higher level, but produces ratings higher than 2, it must be concluded that the increase in impairment is due to the similarity of the power spectrum of pub noise to that of the speech signal.  Based on that, the source proposed in [7] to exclude the Pub noise from the test cases developed under ATeMPO-SPINE.

Based on the observations in [7], and the distributional analysis of the data reported above, the source proposes that the values in Tables 2 and 3, with the exclusion of Pub, be used as the basis for performance objectives in ATeMPO-SPINE.
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Appendix I: distribution of scores by noise type, for narrowband
Noise Type=Cafeteria
SMOS
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Quantiles

	100.0%
	maximum
	3.67

	99.5%
	
	3.67

	97.5%
	
	3.67

	90.0%
	
	3.664

	75.0%
	quartile
	3.63

	50.0%
	median
	3.53

	25.0%
	quartile
	3.3

	10.0%
	
	2.702

	2.5%
	
	2.57

	0.5%
	
	2.57

	0.0%
	minimum
	2.57



Summary Statistics

	Mean
	3.4136364

	Std Dev
	0.3152546

	Std Err Mean
	0.0950528

	Upper 95% Mean
	3.6254273

	Lower 95% Mean
	3.2018455

	N
	11
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Quantiles

	100.0%
	maximum
	2.64

	99.5%
	
	2.64

	97.5%
	
	2.64

	90.0%
	
	2.6

	75.0%
	quartile
	2.34

	50.0%
	median
	2.18

	25.0%
	quartile
	1.95

	10.0%
	
	1.884

	2.5%
	
	1.87

	0.5%
	
	1.87

	0.0%
	minimum
	1.87



Summary Statistics

	Mean
	2.18

	Std Dev
	0.2432694

	Std Err Mean
	0.0733485

	Upper 95% Mean
	2.3434306

	Lower 95% Mean
	2.0165694

	N
	11
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Noise Type=Crossroads
SMOS
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Quantiles

	100.0%
	maximum
	3.37

	99.5%
	
	3.37

	97.5%
	
	3.37

	90.0%
	
	3.366

	75.0%
	quartile
	3.34

	50.0%
	median
	3.31

	25.0%
	quartile
	3.17

	10.0%
	
	2.48

	2.5%
	
	2.39

	0.5%
	
	2.39

	0.0%
	minimum
	2.39



Summary Statistics

	Mean
	3.1827273

	Std Dev
	0.3025588

	Std Err Mean
	0.0912249

	Upper 95% Mean
	3.385989

	Lower 95% Mean
	2.9794655

	N
	11
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Quantiles

	100.0%
	maximum
	4.03

	99.5%
	
	4.03

	97.5%
	
	4.03

	90.0%
	
	3.9

	75.0%
	quartile
	3.22

	50.0%
	median
	2.74

	25.0%
	quartile
	2.4

	10.0%
	
	1.946

	2.5%
	
	1.85

	0.5%
	
	1.85

	0.0%
	minimum
	1.85



Summary Statistics

	Mean
	2.8454545

	Std Dev
	0.5888865

	Std Err Mean
	0.177556

	Upper 95% Mean
	3.2410739

	Lower 95% Mean
	2.4498352

	N
	11
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Quantiles

	100.0%
	maximum
	3.8

	99.5%
	
	3.8

	97.5%
	
	3.8

	90.0%
	
	3.786

	75.0%
	quartile
	3.53

	50.0%
	median
	3.49

	25.0%
	quartile
	3.45

	10.0%
	
	3.188

	2.5%
	
	3.14

	0.5%
	
	3.14

	0.0%
	minimum
	3.14



Summary Statistics

	Mean
	3.4981818

	Std Dev
	0.1712786

	Std Err Mean
	0.0516424

	Upper 95% Mean
	3.6132484

	Lower 95% Mean
	3.3831153

	N
	11
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Quantiles

	100.0%
	maximum
	3.98

	99.5%
	
	3.98

	97.5%
	
	3.98

	90.0%
	
	3.934

	75.0%
	quartile
	3.73

	50.0%
	median
	3.3

	25.0%
	quartile
	3.13

	10.0%
	
	2.692

	2.5%
	
	2.69

	0.5%
	
	2.69

	0.0%
	minimum
	2.69



Summary Statistics

	Mean
	3.3363636

	Std Dev
	0.4121231

	Std Err Mean
	0.1242598

	Upper 95% Mean
	3.6132317

	Lower 95% Mean
	3.0594956

	N
	11
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Quantiles

	100.0%
	maximum
	4.23

	99.5%
	
	4.23

	97.5%
	
	4.23

	90.0%
	
	4.218

	75.0%
	quartile
	4.12

	50.0%
	median
	4.06

	25.0%
	quartile
	3.67

	10.0%
	
	3.266

	2.5%
	
	3.18

	0.5%
	
	3.18

	0.0%
	minimum
	3.18



Summary Statistics

	Mean
	3.9036364

	Std Dev
	0.3162364

	Std Err Mean
	0.0953489

	Upper 95% Mean
	4.1160869

	Lower 95% Mean
	3.6911859

	N
	11
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Quantiles

	100.0%
	maximum
	3.14

	99.5%
	
	3.14

	97.5%
	
	3.14

	90.0%
	
	3.112

	75.0%
	quartile
	2.98

	50.0%
	median
	2.88

	25.0%
	quartile
	2.76

	10.0%
	
	2.694

	2.5%
	
	2.68

	0.5%
	
	2.68

	0.0%
	minimum
	2.68



Summary Statistics

	Mean
	2.8772727

	Std Dev
	0.1351363

	Std Err Mean
	0.0407451

	Upper 95% Mean
	2.9680585

	Lower 95% Mean
	2.7864869

	N
	11
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Quantiles

	100.0%
	maximum
	3.15

	99.5%
	
	3.15

	97.5%
	
	3.15

	90.0%
	
	3.142

	75.0%
	quartile
	2.95

	50.0%
	median
	2.735

	25.0%
	quartile
	2.5975

	10.0%
	
	2.503

	2.5%
	
	2.5

	0.5%
	
	2.5

	0.0%
	minimum
	2.5



Summary Statistics

	Mean
	2.774

	Std Dev
	0.2183372

	Std Err Mean
	0.0690443

	Upper 95% Mean
	2.930189

	Lower 95% Mean
	2.617811

	N
	10
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Quantiles

	100.0%
	maximum
	2.21

	99.5%
	
	2.21

	97.5%
	
	2.21

	90.0%
	
	2.202

	75.0%
	quartile
	2.0925

	50.0%
	median
	1.895

	25.0%
	quartile
	1.705

	10.0%
	
	1.651

	2.5%
	
	1.65

	0.5%
	
	1.65

	0.0%
	minimum
	1.65



Summary Statistics

	Mean
	1.9

	Std Dev
	0.2034699

	Std Err Mean
	0.0643428

	Upper 95% Mean
	2.0455536

	Lower 95% Mean
	1.7544464

	N
	10
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Quantiles

	100.0%
	maximum
	2.9

	99.5%
	
	2.9

	97.5%
	
	2.9

	90.0%
	
	2.888

	75.0%
	quartile
	2.71

	50.0%
	median
	2.43

	25.0%
	quartile
	2.34

	10.0%
	
	2.212

	2.5%
	
	2.19

	0.5%
	
	2.19

	0.0%
	minimum
	2.19



Summary Statistics

	Mean
	2.5327273

	Std Dev
	0.2359276

	Std Err Mean
	0.0711348

	Upper 95% Mean
	2.6912256

	Lower 95% Mean
	2.374229

	N
	11
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Quantiles

	100.0%
	maximum
	2.84

	99.5%
	
	2.84

	97.5%
	
	2.84

	90.0%
	
	2.834

	75.0%
	quartile
	2.14

	50.0%
	median
	1.63

	25.0%
	quartile
	1.55

	10.0%
	
	1.362

	2.5%
	
	1.33

	0.5%
	
	1.33

	0.0%
	minimum
	1.33



Summary Statistics

	Mean
	1.8690909

	Std Dev
	0.5162064

	Std Err Mean
	0.1556421

	Upper 95% Mean
	2.2158831

	Lower 95% Mean
	1.5222987

	N
	11
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Appendix II: distribution of scores by noise type, for wideband
Noise Type=Cafeteria
SMOS
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Quantiles

	100.0%
	maximum
	4.02

	99.5%
	
	4.02

	97.5%
	
	4.02

	90.0%
	
	4.02

	75.0%
	quartile
	3.9

	50.0%
	median
	3.785

	25.0%
	quartile
	3.6475

	10.0%
	
	3.466

	2.5%
	
	3.45

	0.5%
	
	3.45

	0.0%
	minimum
	3.45



Summary Statistics

	Mean
	3.772

	Std Dev
	0.1798024

	Std Err Mean
	0.0568585

	Upper 95% Mean
	3.9006229

	Lower 95% Mean
	3.6433771

	N
	10
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Quantiles

	100.0%
	maximum
	2.67

	99.5%
	
	2.67

	97.5%
	
	2.67

	90.0%
	
	2.648

	75.0%
	quartile
	2.39

	50.0%
	median
	2.26

	25.0%
	quartile
	2.185

	10.0%
	
	2.053

	2.5%
	
	2.05

	0.5%
	
	2.05

	0.0%
	minimum
	2.05



Summary Statistics

	Mean
	2.295

	Std Dev
	0.1806931

	Std Err Mean
	0.0571402

	Upper 95% Mean
	2.4242601

	Lower 95% Mean
	2.1657399

	N
	10
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Quantiles

	100.0%
	maximum
	3.65

	99.5%
	
	3.65

	97.5%
	
	3.65

	90.0%
	
	3.642

	75.0%
	quartile
	3.4725

	50.0%
	median
	3.41

	25.0%
	quartile
	3.19

	10.0%
	
	3.016

	2.5%
	
	3

	0.5%
	
	3

	0.0%
	minimum
	3



Summary Statistics

	Mean
	3.367

	Std Dev
	0.1950527

	Std Err Mean
	0.0616811

	Upper 95% Mean
	3.5065323

	Lower 95% Mean
	3.2274677

	N
	10
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Quantiles

	100.0%
	maximum
	3.91

	99.5%
	
	3.91

	97.5%
	
	3.91

	90.0%
	
	3.883

	75.0%
	quartile
	3.5275

	50.0%
	median
	3.065

	25.0%
	quartile
	2.995

	10.0%
	
	2.68

	2.5%
	
	2.65

	0.5%
	
	2.65

	0.0%
	minimum
	2.65



Summary Statistics

	Mean
	3.218

	Std Dev
	0.3743379

	Std Err Mean
	0.118376

	Upper 95% Mean
	3.4857852

	Lower 95% Mean
	2.9502148

	N
	10
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Quantiles

	100.0%
	maximum
	3.99

	99.5%
	
	3.99

	97.5%
	
	3.99

	90.0%
	
	3.98

	75.0%
	quartile
	3.86

	50.0%
	median
	3.79

	25.0%
	quartile
	3.6675

	10.0%
	
	3.48

	2.5%
	
	3.46

	0.5%
	
	3.46

	0.0%
	minimum
	3.46



Summary Statistics

	Mean
	3.768

	Std Dev
	0.1450517

	Std Err Mean
	0.0458694

	Upper 95% Mean
	3.8717637

	Lower 95% Mean
	3.6642363

	N
	10
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Quantiles

	100.0%
	maximum
	3.6

	99.5%
	
	3.6

	97.5%
	
	3.6

	90.0%
	
	3.588

	75.0%
	quartile
	3.3825

	50.0%
	median
	3.045

	25.0%
	quartile
	2.9775

	10.0%
	
	2.733

	2.5%
	
	2.72

	0.5%
	
	2.72

	0.0%
	minimum
	2.72



Summary Statistics

	Mean
	3.136

	Std Dev
	0.2754874

	Std Err Mean
	0.0871168

	Upper 95% Mean
	3.3330718

	Lower 95% Mean
	2.9389282

	N
	10
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Quantiles

	100.0%
	maximum
	4.14

	99.5%
	
	4.14

	97.5%
	
	4.14

	90.0%
	
	4.135

	75.0%
	quartile
	4.0825

	50.0%
	median
	4.07

	25.0%
	quartile
	3.9

	10.0%
	
	3.618

	2.5%
	
	3.59

	0.5%
	
	3.59

	0.0%
	minimum
	3.59



Summary Statistics

	Mean
	3.986

	Std Dev
	0.1643979

	Std Err Mean
	0.0519872

	Upper 95% Mean
	4.1036032

	Lower 95% Mean
	3.8683968

	N
	10
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Quantiles

	100.0%
	maximum
	3.52

	99.5%
	
	3.52

	97.5%
	
	3.52

	90.0%
	
	3.472

	75.0%
	quartile
	3.01

	50.0%
	median
	2.95

	25.0%
	quartile
	2.7575

	10.0%
	
	2.597

	2.5%
	
	2.59

	0.5%
	
	2.59

	0.0%
	minimum
	2.59



Summary Statistics

	Mean
	2.931

	Std Dev
	0.2559709

	Std Err Mean
	0.0809451

	Upper 95% Mean
	3.1141106

	Lower 95% Mean
	2.7478894

	N
	10
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Quantiles

	100.0%
	maximum
	3.59

	99.5%
	
	3.59

	97.5%
	
	3.59

	90.0%
	
	3.587

	75.0%
	quartile
	3.425

	50.0%
	median
	3.33

	25.0%
	quartile
	3.1025

	10.0%
	
	2.825

	2.5%
	
	2.8

	0.5%
	
	2.8

	0.0%
	minimum
	2.8



Summary Statistics

	Mean
	3.271

	Std Dev
	0.2385815

	Std Err Mean
	0.0754461

	Upper 95% Mean
	3.4416709

	Lower 95% Mean
	3.1003291

	N
	10
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Quantiles

	100.0%
	maximum
	2.48

	99.5%
	
	2.48

	97.5%
	
	2.48

	90.0%
	
	2.477

	75.0%
	quartile
	2.3975

	50.0%
	median
	2.265

	25.0%
	quartile
	2.1225

	10.0%
	
	1.896

	2.5%
	
	1.88

	0.5%
	
	1.88

	0.0%
	minimum
	1.88



Summary Statistics

	Mean
	2.235

	Std Dev
	0.1851276

	Std Err Mean
	0.0585425

	Upper 95% Mean
	2.3674323

	Lower 95% Mean
	2.1025677

	N
	10
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Quantiles

	100.0%
	maximum
	2.53

	99.5%
	
	2.53

	97.5%
	
	2.53

	90.0%
	
	2.53

	75.0%
	quartile
	2.455

	50.0%
	median
	2.225

	25.0%
	quartile
	1.8475

	10.0%
	
	1.714

	2.5%
	
	1.7

	0.5%
	
	1.7

	0.0%
	minimum
	1.7



Summary Statistics

	Mean
	2.181

	Std Dev
	0.303661

	Std Err Mean
	0.096026

	Upper 95% Mean
	2.398226

	Lower 95% Mean
	1.963774

	N
	10
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Quantiles

	100.0%
	maximum
	3.37

	99.5%
	
	3.37

	97.5%
	
	3.37

	90.0%
	
	3.368

	75.0%
	quartile
	3.0575

	50.0%
	median
	2.61

	25.0%
	quartile
	2.22

	10.0%
	
	1.998

	2.5%
	
	1.98

	0.5%
	
	1.98

	0.0%
	minimum
	1.98



Summary Statistics

	Mean
	2.64

	Std Dev
	0.4836206

	Std Err Mean
	0.1529343

	Upper 95% Mean
	2.9859613

	Lower 95% Mean
	2.2940387

	N
	10
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