3GPP TR 26.861 V0.0.12 (2017-10)
21
Release 15

[bookmark: page1][bookmark: _GoBack]3GPP TR 26.861 V0.0.12 (2017-10)
Technical Specification
3rd Generation Partnership Project;
Technical Specification Group Services and Systems Aspects;
Investigations on Test Methodologies for Immersive 
Audio Systems;
 (Release 15	)
	
	
	
	
	
  [image: 5G-logo_175px]	[image: 3GPP-logo_web]

The present document has been developed within the 3rd Generation Partnership Project (3GPP TM) and may be further elaborated for the purposes of 3GPP..
The present document has not been subject to any approval process by the 3GPP Organizational Partners and shall not be implemented.
This Specification is provided for future development work within 3GPP only. The Organizational Partners accept no liability for any use of this Specification.
Specifications and Reports for implementation of the 3GPP TM system should be obtained via the 3GPP Organizational Partners' Publications Offices.




[bookmark: page2]
Keywords
<keyword[, keyword, …]>

3GPP
Postal address

3GPP support office address
650 Route des Lucioles - Sophia Antipolis
Valbonne - FRANCE
Tel.: +33 4 92 94 42 00 Fax: +33 4 93 65 47 16
Internet
http://www.3gpp.org

Copyright Notification
No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

[bookmark: copyrightaddon]© 2017, 3GPP Organizational Partners (ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC).
All rights reserved.

UMTS™ is a Trade Mark of ETSI registered for the benefit of its members
3GPP™ is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners
LTE™ is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners
GSM® and the GSM logo are registered and owned by the GSM Association

Contents
Foreword	44
Introduction	44
1	Scope	55
2	References	55
3	Definitions, symbols and abbreviations	55
3.1	Definitions	5
3.2	Symbols	6
3.3	Abbreviations	6
4	Perceptual Audio Quality Attributes for Immersive Audio	6
4.1	Overview	6
4.2	Review of Considerations on quality attributes previously proposed in the context of for assessing immersive audio systems.	6
[4.2.1	Input provided in S4-170836 - Test Methodology for the Assessment of Audio Systems	6
4.2.1.1	Proposal of relevant perceptual quality attributes	6
4.2.1.2	Listening Test Methodology	6
4.2.1.3	Experiments with Absolute Category Rating	7
4.2.1.4	Possibilities with Comparative Listening Tests	7
4.2.1.5	Conclusions	8
4.2.1.6	References	8
4.2.2	Input provided in S4-170914 – On Audio Quality Attributes	8
4.2.2.1	Introduction	8
4.2.2.2	Audio Quality Attribute Elicitation	8
4.2.2.3	The Sound Quality Wheel	9
4.2.2.4	Proposals on Quality Attributes for Audio Capture Tests	10
4.2.2.5	Quality Dimensions for Audio Coding and Transmission Tests	10
4.2.2.6	References	11
4.2.2.7	Appendix A	12
4.3	Quality attributes of relevance for 3GPP immersive audio systems.	12
5	Review ofConsiderations on Test Methodologies for Immersive Audio Systems (existing and under development)	7
5.1	 Subjective Test Methodologies for Assessment of Small and Intermediate Impairment Immersive Audio Systems	12
5.2	 Subjective Test Methodologies for Assessment of Immersive Voice Communication Systems	7
5.3	 Subjective and Objective Test Methodologies for Assessment of Immersive Audio Capture Systems	7
5.4	 Subjective and Objective Test Methodologies for Assessment of Immersive Audio Rendering Systems	7
"TSG <Name>" on the front page	7
Page setup parameters	7
Proforma copyright release text block	9
Abstract Test Suite (ATS) text block	10
<x1>	The TTCN Graphical form (TTCN.GR)	10
<x2>	The TTCN Machine Processable form (TTCN.MP)	10
Annex <A> (normative): <Normative annex title>	11
Annex <B> (informative): <Informative annex title>	11
B.1	Heading levels in an annex	11
Annex <X>A (informative): Change history	1314

[bookmark: _Toc495560791][bookmark: _Toc493686497]
Foreword
This Technical Specification 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.
[bookmark: _Toc495560792][bookmark: _Toc493686498]Introduction
This clause is optional. If it exists, it is always the second unnumbered clause.
This technical report documents the investigations on test methodologies for immersive audio systems. 3GPP need to characterize the performance of immersive audio systems as part of the IVAS_Codec, VRStream and FS_CODVRA activities hasthat have prompted this investigation. For reference on these activities please refer to WID####, ##### and #####.
[bookmark: _Toc495560793][bookmark: _Toc493686499]
1	Scope
The present document aims to: 
(1) Identify a minimum set of relevant perceptual audio quality attributes (e.g. timbre, localization, overall quality, etc.) for the assessment of immersive audio systems relevant to 3GPP.
(2) Identify available test methodologies for the perceptual audio quality attributes of interest and their applicability in the context of immersive audio systems relevant to 3GPP.
(3) Document subjective and objective test methodologies for assessing the capturing, coding, transmission and rendering blocks of immersive audio systems.
(4) Document the diverse considerations for the testing of immersive audio systems such as:
a. Impacts of audio rendering systems
b. Impacts of Head Related Transfer Functions (HRTFs)
c. Impacts of simultaneous video presentation to the perceived audio quality / psychophysical response
d. Use of naïve and/or experienced listeners
e. Appropriate statistical methods for data analysis and reporting
f. Repeatability and reproducibility
[bookmark: _Toc495560794][bookmark: _Toc493686500]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]-	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".
…
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
[bookmark: _Toc495560795]It is preferred that the reference to 21.905 be the first in the list.
[bookmark: _Toc493686501]3	Definitions, symbols and abbreviations
[bookmark: _Toc495560796]Delete from the above heading those words which are not applicable.
Clause numbering depends on applicability and should be renumbered accordingly.
[bookmark: _Toc493686502]3.1	Definitions
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]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.
[bookmark: _Toc495560797][bookmark: _Toc493686503]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc495560798][bookmark: _Toc493686504]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].
Abbreviation format (EW)
<ACRONYM>	<Explanation>

[bookmark: _Toc495560799][bookmark: _Toc493686505]4	Perceptual Audio Quality Attributes for Immersive Audio
[bookmark: _Toc495560800][bookmark: _Toc493686506]4.1	Overview
Describe the problem of Immersive Audio systems (multidimensional in nature, how it differs from traditional 3GPP codec testing, etc.)
[bookmark: _Toc495560801][bookmark: _Toc493686507]4.2	Review of Considerations on quality attributes previously proposed in the context of for assessing immersive audio systems.
[bookmark: _Toc495560802]Review existing studies on immersive audio [4.2.1	Input provided in S4-170836 - Test Methodology for the Assessment of Audio Systems
[bookmark: _Toc495560803]4.2.1.1	Proposal of relevant perceptual quality attributes
One of the objectives of the work item is the identification of relevant perceptual audio quality attributes – some are already mentioned in the WI description: timbre, localization and overall quality.
The source proposes to modify the spatial attribute title from “localization” to “immersion” in order to put the focus on the entire acoustic scene and not on the position of individual objects. Additionally, a common issue for audio reproduction systems are nonlinear distortions, e.g., due to clipping or dynamic compression. A separate quality attribute “distortion” could be added to include explicitly these effects in the evaluation.
[bookmark: _Toc495560804]4.2.1.2	Listening Test Methodology
There are several fundamental test methodologies available for the assessment and of signal processing or transmission systems. At their very core, they can all be classified according to the number of stimuli that are presented to the participant of the listening test. Either just a single stimulus is presented (and the participant has to rate it individually) or multiple (often two) stimuli are presented and the participant has to rate the difference(s) between the stimuli.
A listening test was conducted following the first approach (according to [2]) with an Absolute Category Rating (ACR). The results of this test are presented and the applicability of this methodology is discussed. Subsequently, a case is made for the application of a comparative evaluation methodology in this context.
[bookmark: _Toc495560805]4.2.1.3	Experiments with Absolute Category Rating
Details on the listening test can be found in [3]; only a short overview of the most important aspects is given here. Music tracks were recorded binaurally in different cars, resulting in a test corpus of 161 stimuli (including reference and anchor conditions) which were then evaluated using equalized headphone playback. The number of participants was 45.
The most important result for the question of applicability of this ACR methodology in the context of audio systems is the reluctance of the participants to award excellent grades – even for the reference signals (the best condition in the listening test was rated at approx. 3.5 MOS, the best stimulus at approx. 4.1 MOS). This is something that does not happen when using this methodology in other contexts. This leads to a significantly reduced spread of the stimuli (and conditions) on the MOS scale.
[bookmark: _Toc495560806]4.2.1.4	Possibilities with Comparative Listening Tests
Methodologies for comparative listening tests are also available in [2], e.g., Degradation Category Rating (DCR) and Comparison Category Rating (CCR). Both methodologies should be considered in the context of immersive audio systems. As the work item description states that, “the assessment of the capture, coding, transmission and rendering blocks of the immersive audio system may require distinct test methodologies.”
A degradation category rating seems to be a natural match for the assessment of coding and transmission. There is a clear reference, the input signal, and a (usually) degraded signal that can be compared with the reference. An example user interface for a DCR test with four rating scales can be seen in the following figure.
	[image: ]
	

	Figure 1: Example user interface for a DCR test with four rating scales



Testing different capture or rendering approaches, however, is a different situation. There is (in general) no perfect system, which can be used as a reference. Only a comparison between different approaches is possible. Thus, a CCR test (with multiple rating scales) is the option for this task – an example for the user interface of such a test is given in the following figure.

	[image: ]
	

	[bookmark: _Ref472350287]Figure 2: Example user interface for a CCR test with four rating scales


[bookmark: _Toc495560807]4.2.1.5	Conclusions
As an additional perceptual quality attribute, a dimension “distortion” is proposed for the auditory assessment of (spatial) audio quality.
It is proposed quality dimensionsto conduct tests with an explicit reference, i.e. not as an ACR test. Depending on the specific element that shall be tested, different variants of comparative listening tests are useful.
Both proposals should be considered for inclusion into the subjective test plan for the LiQuImAS work item.
[bookmark: _Toc495560808]4.2.1.6	References
	[1] 
	3GPP S4-170746, „New WID on Test Methodologies for Evaluation of perceived Listening Quality in Immersive Audio Systems,“ Qualcomm Incorporated, HEAD acoustics GmbH, Sony Mobile Communications, Fraunhofer IIS, Huawei Technologies Co. Ltd., Ericsson LM, Sophia-Antipolis, France, 26-30 June 2017.

	[2] 
	ITU-T Recommendation P.800, „Methods for subjective Determination of Transmission Quality,“ 08/1996. 

	[3] 
	J. Reimes, T. Deutsch, A. Fiebig und M. Oehler, „Comparison of Auditory Testing Environments for Car Audio Systems,“ Fortschritte in der Akustik - DAGA 2017, Kiel, 2017.


[bookmark: _Toc495560809]4.2.2	Input provided in S4-170914 – On Audio Quality Attributes
[bookmark: _Toc495560810]4.2.2.1	Introduction
The work item LiQuImAS [1] has, as the first of its objectives, to identify and agree on a minimum set of relevant perceptual audio quality attributes (e.g. timbre, localization, overall quality, etc.) for the assessment of immersive audio systems relevant to 3GPP. This document presents a discussion on the topic of audio quality attributes/descriptors.
[bookmark: _Toc495560811]4.2.2.2	Audio Quality Attribute Elicitation
The perceptual measurement of the Audio Quality of Immersive Audio Systems is a multidimensional problem that includes several quality attributes [2]. These quality attributes can be thought of as being organized in a hierarchical structure. At the top layer, there is a basic or overall audio quality that encompasses all aspects of the listening experience. At lower layers of the hierarchy, attributes can be elicited through a vocabulary development process. One example of such a process, recently utilized by Francombe et.al in [3] is shown on Fig.1.

[image: ]
Figure 1 - Audio Quality Attribute Elicitation Process
It is obvious that the replication of such methods does not produce a completely identical set of attributes. The attributes derived are highly dependent on the stimulus chosen during the word elicitation process, and different panels of assessors may come up with different vocabularies. Therefore, many different audio quality attributes have been proposed in the literature. Examples of audio quality attributes found are available e.g. in Zacharov, Pedersen and Pike (2016) [4]; Choisel and Wickelmaier (2006) [5]; Rumsey and Zelinski (2005)  [6], Lindau et. Al (2014) [7] and Guastavino and Katz (2004) [8]. A list of the attributes found in those references is provided in Appendix A.
Nonetheless, some commonality can be observed by a careful analysis of the attributes in Appendix A. With some degree of orthogonality, attributes can be roughly clustered in the following categories:
· Signal artefact related attributes
· Noise artefact related attributes
· Spatial related attributes
· Timbre related attributes
· Loudness related attributes
· Dynamics related attributes

In addition to the cluster of attributes above, there are also certain attributes that are highly idiosyncratic and do not fit exactly into any of the categories above. E.g. clarity, presence, transparency, etc. Nonetheless, they exhibit a material degree of correlation with the categories above and may be mostly covered by the other attributes categories.
[bookmark: _Toc495560812]4.2.2.3	The Sound Quality Wheel
In assisting with the visualization of the hierarchical structure inherent to spatial audio quality, an “attribute wheel” (donut chart presentation) has been proposed [4]. Figure 2 illustrates the first three layers of the “attribute wheel” in [4].

· OVRL = Basic audio Quality
· TRAN = Transparency
· LOUD = Loudness
· DYNA = Dynamics
· SPAT = Spatial
· TIMB = Timbre
· BASS = Bass
· MIDR = Mid-Range
· TREB = Treble
· ARTF = Artefacts
· SIGN = Signal Related Artefacts
· NOIS = Noise Related Artefacts
· NOTE: Lower layers from [4] are not shown here for brevity.

The source understands that the deeper a listening test goes in the hierarchical structure of quality descriptors, the narrower the diagnostic of the source of the basic/overall audio quality degradation. However, this increased diagnostic capability comes with the following caveats: (1) test time is significantly increased; and (2) several attributes of lower layers may never be exercised during the test, simply because the Immersive Audio System block under test does not trigger degradation for those attributes.
Therefore, the source proposes to limit assessment to the first category layer, except for “Artefacts”, which the source sees value in distinguishing further between signal and noise related artefacts for certain types of tests. It is further proposed that “Loudness” is left out of the assessment as, for most 3GPP purposes, loudness is normalized prior to sample presentation. Finally, it is also proposed that the “Dynamics” cluster be handled under the “Signal” cluster.
[bookmark: _Toc495560813]4.2.2.4	Proposals on Quality Attributes for Audio Capture Tests
For the purposes of 3GPP’s LiQuImAS Audio Capture (including all system components prior to encoding) listening tests, the source proposes the following:
1. All tests shall include a “basic audio quality” (or overall) attribute, corresponding to the 1st hierarchical audio quality layer.
2. The following attributes should be adopted for the 2nd layer:
a. Noise Related Artifacts;
i. Rationale: Noise in the capture system can be a significant source of degradation for the basic audio quality.
b. Timbre;
i. Significant distortions to timbre can also be a significant source of degradation for the basic audio quality with certain sound field capture techniques.
c. Signal Related Artifacts;
i. Certain front-end processing techniques can have impact to the signal integrity, other aspects such as saturation are also covered by this dimension.
d. Spatial Quality;
i. All aspects of spatial audio quality, such as localizability, envelopment, source width, height, depth and distance, are covered here.
3. Because a capture system has no ideal reference for comparison, the source further proposes that systems are evaluated either against the listener’s “internal reference”, as e.g. proposed in the SAQI work [7], or through ABX or Comparison Category Rating tests.

[bookmark: _Toc495560814]4.2.2.5	Quality Dimensions for Audio Coding and Transmission Tests
For the purposes of 3GPP’s LiQuImAS Audio Coding and Transmission listening tests (including all system components prior to rendering, starting with the encoding process), the source proposes the following:
1. All tests shall include a “basic audio quality” (or overall) attribute, corresponding to the 1st hierarchical audio quality layer.
2. The following attributes should be adopted for the 2nd layer:
a. Signal Related Artifacts;
i. All perceived distortions to the signal imposed by the encoding/decoding and transmission process.
b. Noise Related Artifacts [OPTIONAL]
i. This dimension should be included only if it is expected that the systems under test will generate such degradation.
c. Timbre [OPTIONAL]
i. This dimension should be included only if it is expected that the systems under test will generate such degradation (e.g. mixed bandwidth tests, etc.)
d. Spatial Audio Quality;
i. All distortions to the spatial audio quality, such as localizability, envelopment, source width, height and distance, are covered here.
3. Because a capture system has an ideal reference for comparison, (i.e. the signal prior to encoding) the source further proposes that audio coding and transmission systems are evaluated through a DCR / MUSHRA based evaluation. 

[bookmark: _Toc495560815]4.2.2.6	References
	[1] 
	3GPP S4-170746, „New WID on Test Methodologies for Evaluation of perceived Listening Quality in Immersive Audio Systems,“ Qualcomm Incorporated, HEAD acoustics GmbH, Sony Mobile Communications, Fraunhofer IIS, Huawei Technologies Co. Ltd., Ericsson LM, Sophia-Antipolis, France, 26-30 June 2017.

	[2] 
	N. Zacharov und S. Bech, Perceptual Audio Evaluation - Theory Method and Practice, Wiley, 2006. 

	[3] 
	J. Francombe, T. Brookes, R. Mason und J. Woodcock, „Evaluation of Spatial Audio Reproduction Methods (Part 1): Elicitation of Perceptual Differences,“ Journal of the Audio Engineering Society, Bd. 65, Nr. 3, pp. 198-211, March 2017. 
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[bookmark: _Toc495560816]4.2.2.7	Appendix A
[image: ]

[bookmark: _Toc495560817][bookmark: _Toc493686508]4.3	Quality attributes of relevance for 3GPP immersive audio systems.
Identify the quality attributes of relevance for 3GPP work items. At 3GPP SA4#95 offline session it was discussed the use of a limited set of attributes with clear instructions to listeners on what they encompass. The approach of using only two attributes was suggested. This would involve aggregating the “timbre”, “noise related artefacts” and “signal related artifacts” in a single “Signal” attribute.]
[bookmark: _Toc495560818][bookmark: _Toc493686509]5	Considerations on Test Methodologies for Immersive Audio Systems (existing and under proposal / development)
[bookmark: _Toc493686510]5.1		Subjective Test Methodologies for Assessment of Small and Intermediate Impairment Immersive Audio Systems
Notes:
Discuss e.g. ITU-R BS series (both new and upcoming work in ITU-R WP6C). Discuss other methods been proposed in academia and industry, their strengths and shortcomings. Focus on high-bit rate, experienced listeners testing.
 5.2		Subjective Test Methodologies for Assessment of Immersive Voice Communication Systems
Discuss e.g. ITU-T P.SAT ongoing effort. Focus here is on low-bit rate, naïve listener testing.
[bookmark: _Toc493686512]5.3		Subjective and Objective Test Methodologies for Assessment of Immersive Audio Capture Systems
The capture of immersive audio may require a different assessment paradigm when compared to transmission and coding. It is often the case that no reference of the “true” sound-field is available. Other metrics (objective) of interest for assessment of spatial microphones include noise floor, directivity, angular resolution, wind noise rejection, etc. Test methods for comparison between FOA and HOA (of relevance to FS_CODVRA) may also go here.
[bookmark: _Toc493686513]5.4		Subjective and Objective Test Methodologies for Assessment of Immersive Audio Rendering Systems
The capture of immersive audio may require a different assessment paradigm when compared to transmission and coding. Aspects such as externalization, localization, spatial naturalness, may be of significance and lack an external reference. Impacts of individualized HRTFs are also of relevance to this section. Other metrics (objective) of interest for assessment of spatial microphones include estimates of angular resolution, motion to sound latency in dynamic rendering systems, etc.
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