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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

Mobile telephony devices and voice services continue to develop and evolve and their associated minimum performance requirements and test methodologies also need to stay relevant and representative of quality demands.

While many advances were made in Rel. 11 to the acoustic requirements and test specifications in TS 26.131 and TS 26.132 many items therein were left marked “for further study” and require a final decision by SA4. Additionally, there are new acoustic requirements and emerging tests we may wish to consider in a future release, but require further study before incorporation to our specifications.

This technical report will, first and foremost, address the remaining items presently designated as “for further study” in TS 26.131 and TS 26.132.  

This report will also examine opportunities for new acoustic tests and requirements that help us to better characterise the UE acoustic experience, opportunities to replace existing test methods with others that are more accurate or more efficient and make specific recommendations for their inclusion in existing or new specifications.

1
Scope

The scope of this study is to investigate, first and foremost, the existing items presently designated as “for further study” in TS 26.131 and TS 26.132. 

The investigation will additionally identify, examine and evaluate opportunities for new acoustic tests and requirements that better help characterise the UE acoustic experience, opportunities to replace existing test methods with others that are more accurate or more efficient and to make specific recommendations for their incorporation inclusion in existing or new specifications.

While many advances were made in Rel 11 to the acoustic requirements and test specifications in TS 26.131 and TS 26.132 many items therein were left marked “for further study” and require a final disposition by SA4 including

· NB & WB Stability loss, Headset UE (TS 26.131 Sections 5.6 & 6.6)

· NB & WB Delay, Wireless Headset (TS 26.131 Section 5.12.2.2 & 6.11.2.2)

· NB & WB Echo control (“double-talk”) characteristics (TS 26.131 Sections 5.13 &6.12, TS 26.132 Section 8.11)

· Handset, Headset, Handheld hands-free, Desktop and vehicle mounted hands-free are all marked FFS

· NB& WB Free-field measurements for vehicle-mounted hands-free (TS 26.132 Section 7.2.3 & 8.2.3)

· NB & WB Idle Channel Noise, Sending/Receiving of test signal  (TS 26.132 Section 7.3.1, 7.3.2, 8.3.1 & 8.3.2 )

Additionally, there are new acoustic requirements and emerging tests that may be considered in a future release, but require further study before incorporation to our specifications. It has been anticipated that topics in this area would include, but would not be limited to, an evaluation of

· Time-variant user behaviour 

· Additional UE usage environments

· New or refined test methods for existing requirements

· Acceptance of updates (if any) to existing ETSI and ITU-T dependencies 

Coordination with other SDOs, such as ITU-T SG 12 and ETSI STQ among others, is also reported.
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 TR 41.001: "GSM Release specifications".

[3]
3GPP TR 21 912 (V3.1.0): "Example 2, using fixed text".

…

[x]
<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".

3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 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 TR 21.905 [1].

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>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 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 TR 21.905 [1].

<ACRONYM>
<Explanation>

4
Rel.11 “For Further Study” Items

4.1
[Stability loss, Headset UE]
[…]

4.2
[UE Delay, NB & WB Wireless Headset]

[…]

4.3
[NB & WB Echo control (“double-talk”) characteristics]
4.3.1 [Results from a study on NB Echo control (“double-talk”) characteristics using P.835 methodology] 
4.3.1.1 [Background]
[In Release 11 of TS26.132, new methods for evaluation of echo control characteristics were introduced, Clauses 7.11 and 8.11.  However, corresponding requirements were not defined in TS26.131.  

A subjective listening test based on methods from Recommendation ITU-T P.835 was conducted in order to provide some data for purposes of investigating possible requirements.
Below you will find the Method and results of the subjective evaluation of real speech double talk test, for 12 devices, in both handset and handheld speakerphone for narrow band.]
4.3.1.2 [Test Method & Results]

4.3.1.2.1 [Methods]
[The categories defined in Clauses 7.11, Figure 17b5, (copied below for convenience) and Table 2c, and 8.11, Figure 19b5, and Table 2g, are described in perceptually-relevant terms.
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Figure [xxxx]: Classification of echo canceller performance

Table <xxx>: Categories for echo canceller performance classification

	Category
	Level difference (ΔL)
	Duration (D)
	Description

	A1
	-4 dB ≤ ΔL < 4 dB
	
	Full-duplex and full transparency

	A2
	-15 dB ≤ ΔL < -4 dB
	
	Full-duplex with level loss in Tx

	B
	ΔL < -15 dB
	D < 25 ms
	Very short clipping

	C
	ΔL < -15 dB
	25 ms ≤ D < 150 ms
	Short clipping resulting in loss of syllables

	D
	ΔL < -15 dB
	D ≥ 150 ms
	Clipping resulting in loss of words

	E
	ΔL ≥ 4 dB
	D < 25 ms
	Very short residual echo

	F
	ΔL ≥ 4 dB
	25 ms ≤ D < 150 ms
	Echo bursts

	G
	ΔL ≥ 4 dB
	D ≥ 150 ms
	Continuous echo


4.3.1.2.1.1 Rating scales

[The impairments in categories A2, B, C, and D can be understood as distortions of the uplink speech.  In contrast, the impairments in categories E, F, and G can be understood as intrusions of residual or continuous echo.  Based on these observations, the rating scales of P.835 [4], SIG, BAK, and OVRL, as shown in Figures below, were adopted for this listening evaluation.

[image: image4.emf]
Figure [XXX] (Figure 5/P.835), Speech signal rating scale

[image: image5.emf]
Figure [xxxx] (Figure 6/P.835) Background rating scale

[image: image6.emf]
Figure [xxx] (Figure 7/P.835) Overall quality rating scale
It was anticipated that the impairments in categories A2, B, C, and D, would be related to ratings on the SIG (speech distortion) scale, and that impairments in categories E, F, and G would be related to the ratings on the BAK background intrusiveness scale.]

4.3.1.2.1.2 [Speech Source] 
[The speech source used is Segment 2 (four sentences) of the current double talk test, British English from Recommendation ITU-T P.501.  This includes two male and two female talkers.  While this is rather limited in comparison to some subjective tests, the exact signal and conditions of 7.11 are used to facilitate direct comparisons with the objective measures.  For each presentation and rating, a single sentence was presented (total of four sentences, from two male and two female speakers).]
4.3.1.2.1.3 [Reference Signals]
[For the SIG dimension, the Wiener-filter based reference system proposed in [5] and used in [6] was used.  While this reference system has been primarily used as a reference for noise suppression, as many echo control systems provide echo suppression using a multi-band attenuation mechanism, it seems reasonable to use that reference system in this context.  Expert listening to the reference system and the distortions introduced by the devices exhibiting higher levels of impairments in the A2, B, C, and D categories indicated qualitatively similar perceptions. Four levels of Wiener-filter-based distortion, similar to those used in P.835 tests for noise suppression and judged by expert listeners to span the range from 1 to 5, were used

For the BAK dimension, recordings of echo were made on a device with the ability to disable the AEC system, and to capture signals at the microphone.  To acquire the BAK echo component, the signal defined in TS 26.132, Clause 7.11.1, for use in the receiving direction was injected into the input of a network simulator.  The resulting echo signal from the device was recorded at the microphone of the device.  The level of the receiving signal was adjusted to yield a range of echo levels.  To construct the BAK references, the speech and echo signals were mixed at a range of Speech to Echo Ratios (SER): 0, 12, 24, and 36 dB SER. 

Three additional reference signals consisting of a combination of Wiener-filter distortion and echo, with increasing levels of both, were also constructed, resulting in a total of 11 impaired references (4 Wiener-filter, 4 echo-only, 3 Wiener-filter and echo).  Clean speech was used as the twelfth reference signal.]

4.3.1.2.1.4 [Listening mode and level]
[Presentation was made monaurally, at 79 dB SPL, using closed-back Sennheiser HD-280 Pro headphones, without any additional equalization. ] 

4.3.1.2.1.5 [Listening Panel]
[Results are reported for a listening panel that consisted of 32 naïve listeners, native speakers of American English, all with self-reported normal hearing.

Listeners were presented with a practice block of signals including references for familiarization with the task.  The rating scales described in Clause 4.3.1.2.1.1 above were used.]

4.3.1.2.1.5 [Test Conditions]
[Twelve commercially-available devices were tested using the methods of TS 26.132, Clause 7.11, in both handset and hand-held speakerphone modes to obtain test stimuli.  Recordings of Segment 2 in both single-talk (ST) and double-talk (DT) conditions were collected and used for testing.

A total of 48 listening conditions, comprised of 12 UEs, 2 use cases (handset and hand-held speakerphone) and 2 echo conditions (single-talk and double-talk), were tested.  A fully balanced design using all four sentences was used, resulting in 192 votes per condition.]

4.3.1.2.2 [Results]
[Results for the reference signals are shown in Figures 4, 5, and 6.  The error bars indicated 95th percentile confidence intervals, based on 34 participants.

[image: image7.emf] 

Figure 4 Speech distortion varies, no echo

[image: image8.emf] 

Figure 5 SER varies, no speech distortion

[image: image9.emf] 

Figure 6 Speech distortion and SER vary

From Figures 4, 5, and 6, it can be seen that the selected reference systems result in listeners’ using the full range of the scales, with good separation of the SIG and BAK scales for the NS and SER references respectively. ]

 4.3.1.2.1.3 [Results for test conditions, Handset mode]
Figures 7, 8 and 9 show the ratings for 12 devices in handset, SIG, BAK, and OVRL, respectively.  The error bars show 95% confidence intervals.  Blue bars show single-talk (no echo) while red bars show ratings for double-talk (with echo.  The test conditions are as defined in Clause 7.11.

[image: image10.emf] 

Figure 7 SIG ratings for Handset mode

The SIG ratings for all devices in ST are uniformly high, as might be expected.  A few devices, I and K, show significant SIG degradations in double talk.

[image: image11.emf] 

Figure 8 BAK ratings for Handset mode

The BAK ratings for all devices in ST are also uniformly high (except possibly device B).  A few devices, G and L, show significant BAK degradations in double talk.
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Figure 9 OVRL ratings for Handset mode

The OVRL ratings for all devices in ST are also uniformly high.  A few devices, G, I, K, and L, show significant OVRL degradations in double talk, consistent with the results in Figures 7 and 8.]

4.3.1.2.1.3 [Results for test conditions, Hands-held Hands-free mode]

[Figures 10, 11 and 12 show the ratings for 12 devices in hand-held hands-free, SIG, BAK, and OVRL, respectively.  The error bars show 95% confidence intervals.  Blue bars show single-talk (no echo) while red bars show ratings for double-talk (with echo.  The test conditions are as defined in Clause 7.11.
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Figure 10 SIG ratings for Hand-held Hands-free mode
The SIG ratings for all devices in ST are generally high with the possible exception of devices B, G, and I. As might be expected, the SIG results in doubletalk for hand-held hands-free mode show substantial impairments, with a relatively large range from 3.0 (device A) to nearly 1.0 (Device G).
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Figure 11 BAK ratings for Handheld Speakerphone mode
The BAK ratings for all devices in ST are show some reduction over handset mode, with more devices showing performance below 4.0 (devices A, B, and I.  For double talk, the BAK results are fairly consistent, above 3.0, with the exception of relatively poor performance of device H and relatively good performance of device J.
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Figure 12 OVRL ratings for Handheld Speakerphone mode
The OVRL ratings for all devices in ST are show some reduction over handset mode, with more devices showing performance below 4.0 (devices A, B, G, and I).  The OVRL results for double talk have more variability, driven primarily by the large variation in SIG scores.]

The correlation between sending only tests based on recorded distortions and the perception in during live conversation is not known (ITU-T P.831). Hence, the correlation of the results from this listening test and the category classification need further study.]
4.4
[Free-field measurements for vehicle-mounted hands-free]

[…]

4.5
[Idle Channel Noise, Sending/Receiving of test signal]

[…]
5
New Acoustic Requirements and Tests 

5.1
[Time-variant user behaviour]

[…]

5.2
[Additional UE usage environments]

[…]

5.3
[New or refined test methods for existing requirements]

[…]
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