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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

The measurement specification 3GPP TS 26.132 [1] and corresponding requirements in TS 26.131 [2] provide test methodologies in order to qualify mobile terminals in handset and hands-free mode. In [12], tests in the presence of background noise were introduced in order to analyse the performance of noise reduction capabilities of devices. 
1 Scope

The present document provides a collection of investigations on aspects of ambient noise testing related to the 3GPP terminal testing specifications TS 26.132 [3] and/or performance requirements per TS 26.131 [2].
The evaluation of terminals in conjunction with speech signals and realistic background noise tests as well as performance requirements were added in Release 11 of these specifications. Increased signal processing capabilities facilitated more sophisticated noise reduction functionality in terminals already before this release. However, an incorrect or mistuned device may substantially impact speech quality, intelligibility/listening effort and user experience in general.
The present document focuses on the evaluation of terminals in handset and hands-free mode, but also other related aspects like, e.g., accuracy of noise field simulations are taken into account.
2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TS 26.131: "Terminal acoustic characteristics for telephony; Requirements".
[3]
3GPP TS 26.132: "Speech and video telephony terminal acoustic test specification".
[4]
S4-AHQ099: "Proposed test plan for a Round Robin Test for comparison of background noise simulations – Rev. 1".
[5]
ETSI ES 202 396-1: "Speech quality performance in the presence of background noise; Part 1: Background noise simulation technique and background noise database".

[6]

ETSI TS 103 224: "A sound field reproduction method for terminal testing including a background noise database".

[7]
S4-151040: "ATeMPO_SPINE round-robin tests conducted at Sony".

[8]
S4-AHQ101: "Report on ATeMPO_SPINE round-robin tests conducted at Orange".

[9]

S4-151354: "ATeMPO-SPINE round-robin tests conducted at Knowles".

[10]
S4-151343: "Report on ATeMPO_SPINE round-robin tests conducted at HEAD acoustics".
[11]
S4-151365: "Results of the Round Robin Test on Different Background Noise Simulation Techniques for Hand-Held Hands-Free Terminals".
[12]
ETSI TS 103 106: "Speech Quality performance in the presence of background noise: Background noise transmission for mobile terminals - Objective test methods".
3 Definitions, symbols and abbreviations
3.1 Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2 Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3 
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

DUT
Device Under Test

G-MOS
Global MOS (overall quality)

HHHF
Handheld Hands-free

N-MOS
Noise MOS (intrusiveness of noise)

NB
Narrowband telephonometry
MOS
Mean Opinion Score

RMSE
Root-Mean-Square Error

S-MOS
Speech MOS (distortion of speech)
WB
Wideband telephonometry
4 Ambient Noise Testing in Handset Mode
4.1 
Introduction
The investigations described in the following sections refer to ambient noise testing of terminals in handset mode.
4.2 
Investigation #1

TBD
4.3 
Investigation #2

TBD

5 Ambient Noise Testing in Hands-free Mode
5.1 
Introduction

The investigations described in the following clauses refer to ambient noise testing of terminals in handheld and desktop hands-free mode.
5.2 
Results of Round Robin Test on Different Background Noise Simulation Techniques
5.2.1 Introduction

The following clauses summarize the results of a Round Robin test conducted between April and August 2015. Besides providing the results, the reproduction accuracy of the different simulation methods in different labs is analysed. Furthermore, the impact of the different analysis methods on the results measured with different mobile terminals is shown.
The aim of the Round Robin test conducted under the ATeMPO_SPINE work item [4] was mainly to answer the following questions:

· How good is the reproducibility of the different methods?
· Are there differences in the measured performance when using the different devices with different setups?

The following labs were participating in the test:

· Audience Inc.

· HEAD acoustics GmbH

· Orange

· Sony Mobile Communications

In the Round Robin test, seven different devices were used, some labs tested only a subset of six devices as agreed upon in advance. Not all labs conducted the full set of tests in narrowband (NB) and wideband (WB). At HEAD acoustics premises, two rooms were used to conduct the tests; in all other labs, the tests were conducted in one room.

The two noise field simulations according to ETSI ES 202 396-1 [5] and ETSI TS 103 224 [6] were investigated for each lab.

For measurements using the background playback according to ES 202 396-1 [5], occasional playback problems were observed in the 2.1 lab. This explains the outliers and might have partly contributed to some other (lower) MOS values for this lab, for this playback method. The overall tendencies observed in the complete data set are not strongly affected by these issues.
5.2.2 Test Setup

5.2.2.1 Laboratories

The labs according to Table 1 participated in the round robin test. Typical room acoustic parameters are provided as well here.

Table 1: Laboratories of the round robin test

	Label
	Lab
	Rev. Time (RT60)
	Clarity Index (C80)

	Lab 1.1
	HEAD acoustics Room 1
	125 ms
	37.1 dB

	Lab 1.2
	HEAD acoustics Room 2
	240 ms
	20.5 dB

	Lab 2.1
	Sony
	139 ms
	30.0 dB

	Lab 3.1
	Audience
	117 ms
	29.2 dB

	Lab 4.1
	Orange 0°
	89 ms
	40 dB

	Lab 4.2
	Orange 22.5°
	89 ms
	40 dB


5.2.2.2 Noise field simulations

In order to minimize all variabilities coming from other sources than the different setups and rooms used, the test material and the test procedure was prepared by HEAD acoustics and provided to all test labs. All labs used the HEAD acoustics software ACQUA with the HAE-BGN and 3PASS background noise systems with the identical database. All measurements were collected in a final database containing the results of all labs. Based on this procedure, all types of analyses as needed for the Round Robin experiment could be performed.

The selection of the rooms was up to the test labs. However, the requirements as found in [5] and [6] were followed. The detailed test setup is described in the individual reports of the test labs [7, 8, 9, 10].

Figure 1 and Figure 2 show the general test setup for the two background noise simulation methods.
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Figure 1: General setup of the 4+1 loudspeaker arrangement according to ES 202 396-1
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Figure 2: General setup of the 8 loudspeaker arrangement according to TS 103 224
The calibration of the setups was made by each lab individually. The calibration procedures as described in [5] and [6] are implemented in the HAE-BGN and 3PASS software and were followed by each lab. The calibration results can be found in the individual test reports of the test labs [7, 8, 9, and 10].
5.2.2.3 Noise Types

For testing with the noise field simulation according to ETSI ES 202 396-1 [5], the six binaural noises according to Table 2 were used. 

Table 2: Noise types for playback acc. to ES 202 396-1

	Alias
	Filename in database of [5]

	Pub
	Pub_Noise_binaural_V2

	Crossroad
	Outside_Traffic_Crossroads_binaural

	Trainstation
	Train_Station_binaural

	Inside Car
	Fullsize_Car1_130Kmh_binaural

	Cafeteria
	Cafeteria_Noise_binaural

	Office
	Work_Noise_Office_Callcenter_binaural


For testing with the noise field simulation according to ETSI TS 103 224 [6], the six noises according to Table 3 were used. The corresponding eight-channel recordings are also binaurally available in the noise database, which allows the usage of both systems with the identical noise type. Each of these noises was selected as a counterpart to a binaural recording listed in Table 2. Comparisons between the counterparts can be made based on the alias columns in both tables.
Table 3: Noise types for playback acc. to TS 103 224

	Alias
	Filename in database of [6]

	
	8-channel
	Binaural

	Pub
	Pub_handsfree
	Pub_bin

	Crossroad
	Crossroadnoise_handsfree
	Crossroadnoise_bin

	Trainstation
	Trainstation_handsfree
	Trainstation_bin

	Inside Car
	FullSizeCar_130_handsfree
	FullSizeCar_130_bin

	Cafeteria
	Cafeteria_handsfree
	Cafeteria_bin

	Office
	Callcenter2_handsfree
	Callcenter2_bin


5.2.2.4 Devices
Seven devices under test (DUT) according to Table 4 were available for the round robin test. Six phones were tested in all labs.
Table 4: Devices under test

	Name
	Size

	DUT1
	138.1 x 67 x 6.9 mm

	DUT2
	143.4 x 70.5 x 6.8 mm

	DUT3
	138.5 x 70.9 x 8.9 mm

	DUT4
	162.8 x 85.4 x 8.7 mm

	DUT5
	127.3 x 64.9 x 8.6 mm

	DUT6
	150.1 x 72.7 x 9.6 mm

	DUT7
	157.7 x 78.7 x 7.7 mm


5.2.2.5 Speech Quality Test Methodology
As source speech material for the evaluation of speech quality in the presence of background noise, 16 American English speech samples (fullband) according to ETSI TS 103 106 [12] were used for both bandwidth modes.

For terminals evaluated in NB mode, the analysis according to ETSI TS 103 106 [12] in NB-mode was carried out for each of the 16 samples and the results were averaged per background noise condition.

For terminals evaluated in WB mode, the analysis according to ETSI TS 103 106 [12] in WB-mode was carried out for each of the 16 samples and the results were averaged per background noise condition.
This usage of the instrumental assessment method provides S-MOS, N-MOS and G-MOS for each lab, bandwidth mode, device, and background noise.

5.2.3 Results for Handheld Hands-free

5.2.3.1 Introduction

In the following clauses, results of several measurements and analyses are presented for terminals in handheld hands-free mode. Without loss of generality, the results of lab 2.1 (one of the labs that conducted all experiments with all devices) are always compared to the results for the other labs. The test setup complies with clause 5.1.3.3 of [3]. Possible differences in results across labs may be influenced and explained by:

· Calibration differences

· Setup differences

· Room differences

· Time variant behaviour of the device under test

5.2.3.2 Comparison of inter-lab accuracy for the different background noise simulation methods
5.2.3.2.1 Outliers
Four outliers could be observed which could clearly be traced back to an error in the measurement setup and therefore do not represent any characteristics of the background noise generation method used. All diagrams in clause 5.2.3.1 (and corresponding sub-clauses) still contain these outliers, while the RMSE-values are calculated without outliers. The outliers are listed in Table 5.

Table 5: Outliers removed from analysis

	Bandwidth
	System
	Noise Type
	Lab
	DUT

	NB
	ES 202 396-1
	Inside Car
	Lab 2.1
	DUT2

	NB
	ES 202 396-1
with noises from
TS 103 224
	Inside Car
	Lab 2.1
	DUT2

	WB
	ES 202 396-1
with noises from
TS 103 224
	Inside Car
	Lab 3.1
	DUT2

	WB
	TS 103 224
	Office
	Lab 4.2
	DUT7


5.2.3.2.2 Wideband

5.2.3.2.2.1 No background noise
In this clause, results under silent conditions in WB mode are presented, as shown in Figure 3 to Figure 5. Basically, the variance to be expected in different labs with no background noise simulation present can be observed.
It seems that the parameters described in clause 5.2.3.1 may impact the results to a certain extent providing the basis for the interpretation of the experiments with the background noise simulation methodologies. The main impact is on S-MOS resulting in somewhat scattered G-MOS results as well.

[image: image5.emf]
Figure 3: Correlation between G-MOS (WB) results from Lab 2.1 and other labs (Silence)
[image: image6.emf]
Figure 4: Correlation between S-MOS (WB) results from Lab 2.1 and other labs (Silence)
[image: image7.emf]
Figure 5: Correlation between N-MOS (WB) results from Lab 2.1 and other labs (Silence)
5.2.3.2.2.2 Background Noises & Simulation acc. to ES 202 396-1
The results shown in Figure 6 to Figure 8 are based on using the ES 202 396-1 noise field simulation, using the binaurally recorded background noises from the associated noise database. The following observations can be made:

· Compared to Lab 2.1 the results measured in the other labs are in general about 0.2 to 0.3 MOS higher for N-MOS and G-MOS

· The results are somewhat scattered leading to RMSE values between 0.13 and 0.22

· N-MOS shows the highest variation in results up to about 0.5 MOS

[image: image8.emf]
Figure 6: Correlation between G-MOS (WB) between Lab 2.1 and other labs
[image: image9.emf]
Figure 7: Correlation between S-MOS (WB) between Lab 2.1 and other labs
[image: image10.emf]
Figure 8: Correlation between N-MOS (WB) between Lab 2.1 and other labs
5.2.3.2.2.3 Simulation acc. to ES 202 396-1 with binaural noises from TS 103 224

The results shown in Figure 9 to Figure 11 are based on using the ES 202 396-1 noise field simulation, but using the binaurally recorded background noises from TS 103 224. The following observations can be made:

· Compared to Lab 2.1, the results measured in the other labs are in general about 0.3 to 0.4 MOS higher for S-MOS, N-MOS and G-MOS

· The results are somewhat scattered leading to RMSE values between 0.17 and 0.24

· N-MOS shows the highest variation in results up to about 0.5 MOS

Please note that the indicated outlier for test lab 3 is excluded from the RMSE calculations.

[image: image11.emf]
Figure 9: Correlation between G-MOS (WB) between Lab 2.1 and other labs
[image: image12.emf]
Figure 10: Correlation between S-MOS (WB) between Lab 2.1 and other labs

[image: image13.emf]
Figure 11: Correlation between N-MOS (WB) between Lab 2.1 and other labs
5.2.3.2.2.4 Background Noises & Simulation acc. to TS 103 224
The results shown in Figure 12 to Figure 14 are based on using the TS 103 224 noise field simulation, using the 8-channel noise recording from the associated noise database. For this setup, the following observations can be made:

· All results line up fairly well, no offset between the labs can be observed

· The results are less scattered leading to low RMSE values of 0.1

· Especially N-MOS is measured very consistent between labs
[image: image14.emf]
Figure 12: Correlation between G-MOS (WB) between Lab 2.1 and other labs
[image: image15.emf]
Figure 13: Correlation between S-MOS (WB) between Lab 2.1 and other labs
[image: image16.emf]
Figure 14: Correlation between N-MOS (WB) between Lab 2.1 and other labs
5.2.3.2.3 Narrowband
5.2.3.2.3.1 No background noise
In this clause, results under silent conditions in NB mode are presented, as shown in Figure 15 to Figure 17. Basically, the variance to be expected in different labs with no background noise simulation present can be observed.

It seems that the parameters described in clause 5.2.3.1 may impact the results to a certain extent providing the basis for the interpretation of the experiments with the background noise simulation methodologies.. The impact on S-MOS and G-MOS is less pronounced than in wideband mode.
[image: image17.emf]
Figure 15: Correlation between G-MOS (NB) between Lab 2.1 and other labs (Silence)
[image: image18.emf]
Figure 16: Correlation between S-MOS (NB) between Lab 2.1 and other labs (Silence)
[image: image19.emf]
Figure 17: Correlation between N-MOS (NB) between Lab 2.1 and other labs (Silence)
5.2.3.2.3.2 Background Noises & Simulation acc. to ES 202 396-1
The results shown in Figure 18 to Figure 20 are based on using the ES 202 396-1 noise field simulation, using the binaurally recorded background noises from the associated noise database. The following observations can be made:

· Compared to Lab 2.1 the results measured in the other labs are in general about 0.2 to 0.3 MOS higher for N-MOS and G-MOS

· The results are somewhat scattered leading to RMSE values between 0.15 and 0.21

· N-MOS shows the highest variation in results up to about 0.5 MOS

Note that the indicated outlier for test lab 2 is excluded from the RMSE calculations.
[image: image20.emf]
Figure 18: Correlation between G-MOS (NB) results from Lab 2.1 and other labs

[image: image21.emf]
Figure 19: Correlation between S-MOS (NB) results from Lab 2.1 and other labs

[image: image22.emf]
Figure 20: Correlation between N-MOS (NB) results from Lab 2.1 and other labs

5.2.3.2.3.3 Simulation acc. to ES 202 396-1 with binaural noises from TS 103 224

The results shown Figure 21 to Figure 23 are based on using the ES 202 396-1 noise field simulation, but using the binaurally recorded background noises from TS 103 224. The following observations can be made:

· Compared to Lab 2.1, the results measured in the other labs are in general about 0.3 to 0.4 MOS higher for S-MOS, N-MOS and G-MOS

· The results are somewhat scattered leading to RMSE values between 0.22 and 0.25

· N-MOS shows the highest variation in results up to about 0.5 MOS

· S-MOS shows a high variation of the results for Pub-noise and Train station noise

Note that the indicated outlier for test lab 2 is excluded from the RMSE calculations.
[image: image23.emf]
Figure 21: Correlation between G-MOS (NB) between Lab 2.1 and other labs
[image: image24.emf]
Figure 22: Correlation between S-MOS (NB) between Lab 2.1 and other labs
[image: image25.emf]
Figure 23: Correlation between N-MOS (NB) between Lab 2.1 and other labs
5.2.3.2.3.4 Background Noises & Simulation acc. to TS 103 224
The results shown in this section are based on using the TS 103 224 noise field simulation, using the 8-channel noise recording from the associated noise database. For this setup, the following observations can be made:

· All results line up fairly well, no offset between the labs can be observed

· The results are less scattered leading to low RMSE values between 0.11 and 0.14

· Especially the measured N-MOS values are very consistent

[image: image26.emf]
Figure 24: Correlation between G-MOS (NB) results from Lab 2.1 and other labs

[image: image27.emf]
Figure 25: Correlation between S-MOS (NB) results from Lab 2.1 and other labs

[image: image28.emf]
Figure 26: Correlation between N-MOS (NB) results from Lab 2.1 and other labs

5.2.3.3 Comparison of measurement results between ES 202 396-1 and TS 103 224 background noise simulation technique
5.2.3.3.1 Introduction

In this section, S-, N-, and G-MOS as measured in the different rooms for different terminals is analysed. The comparison is focused on the differences between background noise simulation systems. The comparison is carried out between each method and the different sets of background noises. The relation between the results measured using the ETSI ES 202 396-1 background noise simulation system and the results obtained using the ETSI TS 103 224 simulation system are presented for all noises, all labs, and all terminals.

The results of the different devices are colour-coded as indicated in the following figures.
5.2.3.3.2 Wideband

5.2.3.3.2.1 Background Noises & Simulation acc. to ES 202 396-1 compared to TS 103 224 simulation
While for crossroad, inside car office and pub noise the measurements lead to quite comparable results, deviations are visible for the cafeteria and train station noise. The reason for these differences is the different nature of the noises in the different noise databases. E.g. the cafeteria noise is in average about 6 dB lower in level for the recordings in ES 202 396-1, the train station noise is about 7 dB lower in level.

[image: image29.emf]
Figure 27: Correlation of G-MOS (WB) results between TS 103 224 and ES 202 396-1 methodology

[image: image30.emf]
Figure 28: Correlation of S-MOS (WB) results between TS 103 224 and ES 202 396-1 methodology

[image: image31.emf]
Figure 29: Correlation of N-MOS (WB) results between TS 103 224 and ES 202 396-1 methodology

5.2.3.3.2.2 Simulation acc. to ES 202 396-1 with noises from TS 103 224 (binaural) compared to TS 103 224 simulation
When choosing the same type of recordings by taking the binaurally recorded noises from TS 103 224, the differences between the methods become smaller and results line up in general. More variation can be seen for the N-MOS results than for the S-MOS results. This is clearly indicating the difference in the background noise simulation method. The S-MOS seems to be mainly determined by the speech signal which is unchanged in the experiments.

[image: image32.emf]
Figure 30: Correlation of G-MOS (WB) results between TS 103 224 and ES 202 396-1 methodology (noises from TS 103 224)
[image: image33.emf]
Figure 31: Correlation of S-MOS (WB) results between TS 103 224 and ES 202 396-1 methodology (noises from TS 103 224)
[image: image34.emf]
Figure 32: Correlation of N-MOS (WB) results between TS 103 224 and ES 202 396-1 methodology (noises from TS 103 224)
5.2.3.3.3 Narrowband
5.2.3.3.3.1 Background Noises & Simulation acc. to ES 202 396-1 compared to TS 103 224 simulation
While for crossroad, inside car office and pub noise the measurements lead to quite comparable results, deviations are visible for the cafeteria and train station noise. The reason for these differences is the different nature of the noises in the different noise databases. E.g. the cafeteria noise is in average about 6 dB lower in level for the recordings in ES 202 396-1, the train station noise is about 7 dB lower in level.

[image: image35.emf]
Figure 33: Correlation of G-MOS (NB) results between TS 103 224 and ES 202 396-1 methodology

[image: image36.emf]
Figure 34: Correlation of S-MOS (NB) results between TS 103 224 and ES 202 396-1 methodology

[image: image37.emf]
Figure 35: Correlation of N-MOS (NB) results between TS 103 224 and ES 202 396-1 methodology

5.2.3.3.3.2 Simulation acc. to ES 202 396-1 with noises from TS 103 224 (binaural) compared to TS 103 224 simulation
When choosing the same type of recordings by taking the binaurally recorded noises from TS 103 224, the differences between the methods become smaller and results line up in general. More variation can be seen for the N-MOS results than for the S-MOS results. This is clearly indicating the difference in the background noise simulation method. The S-MOS seems to be mainly determined by the speech signal which is unchanged in the experiments.

[image: image38.emf]
Figure 36: Correlation of G-MOS (NB) results between TS 103 224 and ES 202 396-1 methodology (noises from TS 103 224)
[image: image39.emf]
Figure 37: Correlation of S-MOS (NB) results between TS 103 224 and ES 202 396-1 methodology (noises from TS 103 224)
N-MOS

[image: image40.emf]
Figure 38: Correlation of N-MOS (NB) results between TS 103 224 and ES 202 396-1 methodology (noises from TS 103 224)

5.2.3.4 Analysis results according to TS 26.132

5.2.3.4.1 Introduction
In this clause, the speech quality analysis as specified in [3] and [2] is carried out. Averaging the results across all noise conditions provides one single S-MOS, N-MOS and G-MOS for each device.
5.2.3.4.2 Wideband
5.2.3.4.2.1 Comparison of absolute Results

The results in Figure 39 show the same tendency for all phones when measured using the different background noise simulation setups. The rank order in performance remains unchanged. 
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Figure 39: S-/N-/G-MOS (WB) averaged across background noises and all labs

5.2.3.4.2.2 Differences between TS 103 224 and ES 202 396-1
Differences in the absolute values when comparing ES 202 396-1 with TS 103 224 can be seen for all terminals (see Figure 40). The offset is not constant but depending on the type of terminal. The main difference is found in the N-MOS values indication the different sensitivity of individual terminals to the different types of noise. The performance for all terminals is better when using the ES 202 396-1. Again, this is due to the less stressing noises in this standard. 
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Figure 40: Differences (WB) between TS 103 224 and ES 202 396-1 methodology
5.2.3.4.2.3 Differences between TS 103 224 and ES 202 396-1 with noises from TS 103 224
When using the binaurally recorded background noises from TS 103 224 for testing, the difference between the two systems gets much smaller (see Figure 41). Again, the offset is not constant, but depends on the type of terminal. Surprisingly, the performance for all terminals is slightly better when using the ES 202 396-1 simulation method compared to the sound field simulation technique described in TS 103 224.
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Figure 41: Differences (WB) between TS 103 224 and ES 202 396-1 methodology 
(binaural noises from TS 103 224 database)

5.2.3.4.3 Narrowband
5.2.3.4.3.1 Comparison of absolute Results

The results in Figure 42 show the same tendency for all phones when measured using the different background noise simulation setups. The rank order in performance remains unchanged.
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Figure 42: S-/N-/G-MOS (NB) averaged across background noises and all labs
5.2.3.4.3.2 Differences between TS 103 224 and ES 202 396-1
Differences in the absolute values when comparing ES 202 396-1 with TS 103 224 can be seen for all terminals (see Figure 43). The offset is not constant but depending on the type of terminal. The differences are found in S-, N-, and G-MOS values. As in wideband the performance for all terminals is better when using the ES 202 396-1. Again, this is due to the less stressing noises in this standard. 
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Figure 43: Differences (NB) between TS 103 224 and ES 202 396-1 methodology

5.2.3.4.3.3 Differences between TS 103 224 and ES 202 396-1 with noises from TS 103 224
When using the binaurally recorded background noises from TS 103 224 for testing, the difference between the two systems gets much smaller (see Figure 44). Again, the offset is not constant, but depends on the type of terminal and the performance for all terminals is slightly better when using the ES 202 396-1 simulation method compared to the sound field simulation technique described in TS 103 224.
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Figure 44: Differences (NB) between TS 103 224 and ES 202 396-1 methodology 
(binaural noises from TS 103 224 database)
5.2.3.5 Analyses of the noise spectra reproduced at the reference microphone
5.2.3.5.1 Introduction

The background noise spectra measured at the reference microphone (input signal for the analysis according to TS 103 106 [12]) of all devices under test are plotted into one diagram for all background noises which were used in this test. Each diagram contains background noise spectra from

· 6 DUTs from Lab 1 (DUT7 was not measured) 
· Included twice, since two different rooms were available
· 7 DUTs from Lab 2
· 7 DUTs from Lab 3
· 7 DUTs from Lab 4
· Included twice, since two different setups were evaluated

5.2.3.5.2 Simulation acc. to ES 202 396-1 with recordings from TS 103 224

For all investigated background noises, quite large differences can be noticed in the spectra reproduced by the ES 202 396-1 simulation method. The differences depend to some extent on the noise type, as shown in Figure 45 to Figure 50. More uniform background noises, such as e.g., car, show less spectral variance than e.g., train station (which performs worst).

The differences in magnitude range from 5 dB up to 15 dB. The larger differences are mostly located in the low frequency domain.
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Figure 45: 1/3rd octave spectra at reference microphone and Cafeteria noise from TS 103 224 
(ES 202 396-1 methodology)
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Figure 46: 1/3rd octave spectra at reference microphone and Crossroad noise from TS 103 224 
(ES 202 396-1 methodology)
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Figure 47: 1/3rd octave spectra at reference microphone and Inside Car noise from TS 103 224 
(ES 202 396-1 methodology)
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Figure 48: 1/3rd octave spectra at reference microphone and Office noise from TS 103 224 
(ES 202 396-1 methodology)
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Figure 49: 1/3rd octave spectra at reference microphone and Pub noise from TS 103 224 
(ES 202 396-1 methodology)
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Figure 50: 1/3rd octave spectra at reference microphone and Train Station noise from TS 103 224 
(ES 202 396-1 methodology)
5.2.3.5.3 Simulation and Recordings acc. to TS 103 224

The differences in the spectra reproduced by the TS 103 224 simulation method are significantly lower compared to the ones of ES 202 396-1, as shown in Figure 51 to Figure 56. The differences seem also to be independent of the noise type. 

The differences range from 1 dB up to 10 dB. As expected, the sound field reproduction is highly accurate and consistent across labs in the low frequency domain up to about 2 kHz (where most energy of the noise is found). Here the spectral differences are within a range of 1-2 dB. Up to about 8 kHz, the differences are still less than 3 dB and from 10 - 20 kHz, the differences mostly remain below 5 dB.
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Figure 51: 1/3rd octave spectra at reference microphone and Cafeteria noise from TS 103 224 
(TS 103 224 methodology)
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Figure 52: 1/3rd octave spectra at reference microphone and Crossroad noise from TS 103 224 
(TS 103 224 methodology)
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Figure 53: 1/3rd octave spectra at reference microphone and Inside Car noise from TS 103 224 
(TS 103 224 methodology)
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Figure 54: 1/3rd octave spectra at reference microphone and Office noise from TS 103 224 
(TS 103 224 methodology)
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Figure 55: 1/3rd octave spectra at reference microphone and Pub noise from TS 103 224 
(TS 103 224 methodology)
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Figure 56: 1/3rd octave spectra at reference microphone and Train Station noise from TS 103 224 
(TS 103 224 methodology)
5.2.4 Results for Desktop Hands-free

5.2.4.1 Introduction
In the following clauses, results of several measurements and analyses are presented for terminals in desktop hands-free mode. The test setup complies with clause 5.1.3.2 of [3]. Similar as for the handheld hands-free setup, possible differences in results across labs may be influenced and explained by:

· Calibration differences

· Setup differences

· Room differences

· Time variant behaviour of the device under test

It seems that these parameters may have impact on the results in a similar or even bigger range than the experiments which include the background noise simulation.
5.2.4.2 Comparison of inter-lab accuracy for the different background noise simulation methods
5.2.4.2.1 Wideband

5.2.4.2.1.1 No background noise
In this clause, results under silent conditions in WB mode are presented, as shown in Figure 57 to Figure 59. Basically, the variance to be expected in different labs with no background noise simulation present can be observed, as shown in Figure 57 to Figure 59.

It seems that these parameters described in clause 5.2.4.1 may have impact on the results in a similar or even bigger range than the experiments which include the background noise simulation.

[image: image67.emf]
Figure 57: Correlation between G-MOS (WB) results from Lab 2.1 and other labs (Silence)
[image: image68.emf]
Figure 58: Correlation between S-MOS (WB) results from Lab 2.1 and other labs (Silence)
[image: image69.emf]
Figure 59: Correlation between N-MOS (WB) results from Lab 2.1 and other labs (Silence)
5.2.4.2.1.2 Simulation acc. to ES 202 396-1 with noises from TS 103 224 (binaural)

The results shown in Figure 66 to Figure 68 are based on using the ES 202 396-1 noise field simulation, but using the binaurally recorded background noises from TS 103 224. The following observations can be made:

· No systematic differences in results of other labs compared to Lab 2.1 can be observed.

· The RMSE values for S-, N- and G-MOS are 0.12.
[image: image70.emf]
Figure 60: Correlation between G-MOS (WB) results from Lab 2.1 and other labs
[image: image71.emf]
Figure 61: Correlation between S-MOS (WB) results from Lab 2.1 and other labs
[image: image72.emf]
Figure 62: Correlation between N-MOS (WB) results from Lab 2.1 and other labs
5.2.4.2.1.3 Background Noises & Simulation acc. to TS 103 224
The results shown in Figure 63 to Figure 65 are based on using the TS 103 224 noise field simulation, using the 8-channel noise recording from the associated noise database. For this setup, the following observations can be made:

· No systematic differences in results of other labs compared to Lab 2.1 can be observed.

· The RMSE values for S-, N- and G-MOS are 0.07 – 0.17

· The lowest variation can be seen for N-MOS, the results are quite consistent
[image: image73.emf]
Figure 63: Correlation between G-MOS (WB) between Lab 2.1 and other labs
[image: image74.emf]
Figure 64: Correlation between S-MOS (WB) between Lab 2.1 and other labs
[image: image75.emf]
Figure 65: Correlation between N-MOS (WB) between Lab 2.1 and other labs
5.2.4.2.2 Narrowband

5.2.4.2.2.1 No background noise
In this clause, results under silent conditions in NB mode are presented, as shown in Figure 66 to Figure 68. Basically, the variance to be expected in different labs with no background noise simulation present can be observed, as shown in Figure 66 to Figure 68.

It seems that these parameters described in clause 5.2.4.1 may have impact on the results in a similar or even bigger range than the experiments which include the background noise simulation. The RMSE of the results is quite high, mainly influences by S-MOS.

[image: image76.emf]
Figure 66: Correlation between G-MOS (NB) results from Lab 2.1 and other labs (Silence)
[image: image77.emf]
Figure 67: Correlation between G-MOS (NB) results from Lab 2.1 and other labs (Silence)
[image: image78.emf]
Figure 68: Correlation between G-MOS (NB) results from Lab 2.1 and other labs (Silence)
5.2.4.2.2.2 Simulation acc. to ES 202 396-1 with noises from TS 103 224 (binaural)

The results shown in Figure 69 to Figure 71 are based on using the ES 202 396-1 noise field simulation, but using the binaurally recorded background noises from TS 103 224. The following observations can be made:

· No systematic differences in results of other labs compared to Lab 2.1 can be observed.
· The RMSE values for S-, N- and G-MOS are ranging from 0.17 to 0.22.

· The results are less consistent between labs than in wideband.
[image: image79.emf]
Figure 69: Correlation between G-MOS (NB) results from Lab 2.1 and other labs

[image: image80.emf]
Figure 70: Correlation between S-MOS (NB) results from Lab 2.1 and other labs

[image: image81.emf]
Figure 71: Correlation between N-MOS (NB) results from Lab 2.1 and other labs

5.2.4.2.2.3 Background Noises & Simulation acc. to TS 103 224
The results shown in Figure 72 to Figure 74 are based on using the TS 103 224 noise field simulation, using the 8-channel noise recording from the associated noise database. For this setup, the following observations can be made:

· No systematic differences in results of other labs compared to Lab 2.1 can be observed.

· The RMSE values for S-, N- and G-MOS are in the range of 0.13 – 0.2.

· The lowest variation can be seen for N-MOS, the results are quite consistent.

[image: image82.emf]
Figure 72: Correlation between G-MOS (NB) between Lab 2.1 and other labs
[image: image83.emf]
Figure 73: Correlation between S-MOS (NB) between Lab 2.1 and other labs
[image: image84.emf]
Figure 74: Correlation between N-MOS (NB) between Lab 2.1 and other labs
5.2.4.3 Comparison between ES 202 396-1 and TS 103 224 background noise simulation technique
5.2.4.3.1 Introduction

In this section, S-, N-, and G-MOS as measured in the different rooms for different terminals is analysed. The comparison is focused on the differences between background noise simulation systems. The comparison is carried out between each method and the different sets of background noises. The results measured using the ETSI ES 202 396-1 background noise simulation system are used as the reference (all noises, all labs, and all terminals). The results obtained using the ETSI TS 103 224 simulation system are plotted on the abscissa (x-axis) for comparison.

In contrast to the related analysis for handheld hands-free devices (see clause 5.2.3.3), only one noise type according to TS 103 224 is used (Office/Callcenter). The results of the different devices are colour-coded as indicated in the following figures.

5.2.4.3.2 Wideband

The results are shown in Figure 75. In general, a fairly good agreement between the background noise simulations can be noticed for S-MOS. Some deviations of the averaged results for N-MOS leads to subsequent deviations in G-MOS as well.
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Figure 75: Correlation of G-MOS (WB) results between TS 103 224 and ES 202 396-1 methodology (noise from TS 103 224)

5.2.4.3.3 Narrowband

Similar as in wideband mode, a fairly good agreement between the background noise simulations can be observed for S‑MOS in Figure 76. Some deviation of the averaged results in N-MOS again leads to subsequent deviations in G-MOS as well.
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Figure 76: Correlation of G-MOS (NB) results between TS 103 224 and ES 202 396-1 methodology (noise from TS 103 224)
5.2.4.4 Analysis results according to TS 26.131 & TS 26.132

5.2.4.4.1 Introduction

In this clause, the speech quality analysis as specified in [3] and [2] is carried out. Averaging the results across all noise conditions provides one single S-MOS, N-MOS and G-MOS for each device.
5.2.4.4.2 Wideband

5.2.4.4.2.1 Comparison of absolute Results
The results in Figure 77 show the same tendency for all phones when measured using the different background noise simulation setups. The rank order in performance remains unchanged.
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Figure 77: S-/N-/G-MOS (WB) averaged across background noises and all labs

5.2.4.4.2.2 Differences between TS 103 224 and ES 202 396-1 with noises from TS 103 224
When using the binaurally recorded background noises from TS 103 224 for the tests the differences when comparing ES 202 396-1 with TS 103 224 (see Figure 78) are slightly higher than the deviations observed in HHHFT mode (see Figure 41). The offset is not constant, but depends on the type of terminal. Except for DUT2, the performance for all terminals is slightly better when using the ES 202 396-1 simulation method compared to the sound field simulation technique described in TS 103 224.
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Figure 78: Differences (WB) between TS 103 224 and ES 202 396-1 methodology 
(binaural noises from TS 103 224 database)

5.2.4.4.3 Narrowband

5.2.4.4.3.1 Comparison of absolute Results

The results in Figure 79 show the same tendency for all phones when measured using the different background noise simulation setups. The rank order in performance remains unchanged.
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Figure 79: S-/N-/G-MOS (NB) averaged across background noises and all labs

5.2.4.4.3.2 Differences between TS 103 224 and ES 202 396-1 with noises from TS 103 224
When using the binaurally recorded background noises from TS 103 224 for the tests, the differences when comparing ES 202 396-1 with TS 103 224 (see Figure 80) are slightly higher than the deviations observed in HHHF mode (see Figure 44). The offset is not constant, but depends on the type of terminal. Except for DUT2, the performance for all terminals is slightly better when using the ES 202 396-1 simulation method compared to the sound field simulation technique described in TS 103 224.
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Figure 80: Differences (NB) between TS 103 224 and ES 202 396-1 methodology 
(binaural noises from TS 103 224 database)

5.2.4.5 Analyses of the noise spectra reproduced at the reference microphone
5.2.4.5.1 Introduction
The background noise spectra measured at the reference microphone (input signal for the analysis according to TS 103 106 [12]) of all devices under test are plotted into one diagram. In contrast to the corresponding analysis for HHHF (see clause 5.2.3.5), only one noise type according to TS 103 224 (Office/Callcenter) was evaluated.
5.2.4.5.2 Simulation acc. to ES 202 396-1 with recordings from TS 103 224, reference recording at place of DUT-microphone

As already seen for the HHHF experiments (see clause 5.2.3.5.2), quite large differences can be observed in Figure 81 for the spectra reproduced by the ES 202 396-1 simulation method in the different labs. 

The differences range from 5 dB up to 15 dB. The largest differences are located in the low frequency range.
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Figure 81: 1/3rd octave spectra at reference microphone and Office noise from TS 103 224 
(ES 202 396-1 methodology)

5.2.4.5.3 Simulation & Recordings acc. to TS 103 224, reference recording at place of DUT-microphone

The differences in the spectra reproduced by the TS 103 224 simulation method are significantly lower compared to the ES 202 396-1 simulation method, as shown in Figure 82.

The differences range from 1 dB up to 8 dB. As expected, the sound field reproduction is highly accurate and consistent across labs in the low frequency domain up to about 2 kHz (where most energy of the noise is found). Here the spectral differences are within a range of 1-2 dB. Up to about 8 kHz, the differences are still less than 5 dB and from 10 - 20 kHz, the differences mostly remain below 5 dB.
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Figure 82: 1/3rd octave spectra at reference microphone and Office noise from TS 103 224 
(TS 103 224 methodology)

6 Conclusions

6.1 Conclusions on handheld and desktop hands-free mode

The following conclusions can be drawn from the Round Robin Experiment:

· In general, the inter-lab consistency of the results is good for both noise reproduction systems.
· When comparing the background noises from ES 202 396-1 [5] and TS 103 224 [6], it can be observed that the corresponding noises from both data sets lead to similar measurement results – apart from two cases where the nature of the background noises and in particular the signal levels differ: Cafeteria noise and train station noise. In those cases, the absolute measurement values changed but their rank order did not.
· When using the binaural background noises from TS 103 224 [6] for the testing, the observed differences between the reproduction methods according to ES 202 396-1 and TS 103 224 are rather small. The offset is not constant, it depends on the type of terminal. The performance for all terminals is slightly better when using ES 202 396-1 in hand-held hands-free mode. For desktop hands-free, the variations observed are slightly larger, but not systematic. The inter-lab correlation obtained by TS 103 224 is higher than with ES 202 396-1. For ES 202 396-1, RMSE between 0.13 and 0.25 MOS are observed, while for TS 103 224 the RMSE decreases to a range of 0.07 to 0.2 MOS. 

· The differences between the two systems observed in hand-held hands-free mode when testing according to the current version of TS 26.131 [2] and TS 26.132 [3] are quite small (when using the background noises from TS 103 224). In this case, S-, N- and G-MOS are averaged across all evaluated background noises for a per-device comparison. Differences within a range of 0.1 – 0.2 MOS were found, whereas most of the deviation seem to depend on the terminal. Surprisingly, the performance for all terminals is slightly better when using the simulation method according to ES 202 396-1 compared to the one according to TS 103 224 [3]. 
· When testing in Desktop hands-free mode, the differences according to TS 26.131 and TS 26.132 (averaging S-, N- and G-MOS across all background noises per device) slightly increase compared to hand-held hands-free mode. However, it should be noted that only two labs with three different rooms were participating in this experiment with a rather limited amount of data.
· The accuracy and consistency of the background noise reproduction at the terminal is significantly better especially in the low frequency domain below 2 kHz when using TS 103 224. Spectral differences measured at the reference microphone drop from 5-15 dB per 1/3rd octave for the ES 202 396-1 simulation method to 1‑5 dB when using the TS 103 224 simulation method.
· It was discussed during the meetings and telephone conferences, if it might be possible to reduce this variability of the ES 202 396-1 sound field reproduction further by defining and validating the delays between the loudspeakers in a different way than it is currently described in ES 202 396-1.Whether this is possible or not and if this leads to less variability was unknown at the time of this study. Any requests regarding these two specifications for noise field simulation needs to be addressed by the responsible committee ETSI TC STQ.
6.2 Conclusions on handset mode 

TBD
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