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[bookmark: foreword][bookmark: _Toc129708866]Foreword
[bookmark: spectype3]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.
In the present document, modal verbs have the following meanings:
shall	indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should	indicates a recommendation to do something
should not	indicates a recommendation not to do something
may	indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can	indicates that something is possible
cannot	indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will	indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not	indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: scope][bookmark: _Toc129708868]
1	Scope
[bookmark: references][bookmark: _Toc129708869]The present document provides information on the Immersive Voice and Audio Services (IVAS) codec Selection, Verification [and Characterization] Phases which were run using the floating point and fixed-point codes (3GPP TS 26.258 and 3GPP TS 26.251). Experimental test results from the subjective quality testing are reported to illustrate the behaviour of the IVAS codec. Additional information is provided on implementation complexity of the IVAS codec and objective test results. 	Comment by Multrus, Markus: Did we have an explicit „Verification Phase“?
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.
[bookmark: _Ref148439827][1]		3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]		3GPP TS 26.250: "Codec for Immersive Voice and Audio Services (IVAS); General overview".
[3]		3GPP TS 26.251: "Codec for Immersive Voice and Audio Services (IVAS); ANSI C code (fixed-point)".	
[4]		3GPP TS 26.252: "Codec for Immersive Voice and Audio Services (IVAS); Test Sequences".
[5]		3GPP TS 26.253: "Codec for Immersive Voice and Audio Services (IVAS); Detailed algorithmic description incl. RTP payload format and SDP parameter definitions".
[6]		3GPP TS 26.254: "Codec for Immersive Voice and Audio Services (IVAS); Rendering".
[7]		3GPP TS 26.255: "Codec for Immersive Voice and Audio Services (IVAS); Error concealment of lost packets".
[8]		3GPP TS 26.256: "Codec for Immersive Voice and Audio Services (IVAS); Jitter buffer management".
[9]		3GPP TS 26.258: "Codec for Immersive Voice and Audio Services (IVAS); ANSI C code (floating-point)".
[10]	3GPP SP-220608: “Revised WID on EVS Codec Extension for Immersive Voice and Audio Services”
[11]	IVAS-3 Permanent Document: "IVAS Performance Requirements".
[12]	IVAS-4 Permanent Document: "IVAS Design Constraints".
[13]	IVAS-5 Permanent Document: "IVAS Selection Rules".
[14]	IVAS-6 Permanent Document: "IVAS Selection Deliverables".
[15]	IVAS-7a Permanent Document: "Processing Plan for Selection Phase".
[16]	IVAS-8a Permanent Document: "Test Plan for Selection Phase".
[17]	EVS-7b Permanent Document: Processing Plan for Characterization Phase
[18]	EVS-8b Permanent Document: "Test Plan for Characterization Phase".
[19]	Recommendation ITU-T P.800: "Methods for subjective determination of transmission quality".
[20]	Supplement ITU-T P.Suppl29: "ITU-T P.800 – Use Cases".
[21]	Recommendation ITU-R BS.1534-3: "Method of the subjective assessment of intermediate quality level of audio systems".
[bookmark: definitions][bookmark: _Toc129708870]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc129708871]3.1	Terms
For the purposes of the present document, the terms 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].
Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc129708872]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc129708873]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].
Abbreviation format (EW)
EVS	Enhanced Voice Services
FB	Fullband
FEC	Frame Erasure Concealment
HRTF	Head Related Transfer Function
ISM	Independent Stream with Metadata
IVAS	Immersive Voice and Audio Services
ISAR	Immersive Audio for Split Rendering Scenarios
JBM	Jitter Buffer Management
LFE	Low Frequency Enhancement
MASA	Metadata-Assisted Spatial Audio
MC	Multi-channel
NB	Narrowband
OBA	Object Based Audio
PLC	Packet Loss Concealment
SBA	Scene Based Audio
SID	Silence Insertion Descriptor
SWB	Super Wideband
WB	Wideband
[bookmark: EDM_endabb_]WMOPS	Weighted Millions of Operations Per Second

[bookmark: clause4][bookmark: _Toc129708874]4	General
[bookmark: _Toc10451337][bookmark: _Toc162888738]4.1	Overview of the IVAS Codec Work Item
tba
[bookmark: _Toc10451338][bookmark: _Toc162888739]4.2	Presentation of the Following clauses
Clause 5 outlines the Terms of reference for the IVAS project. In clause 6, the selection process in 3GPP is presented. An overview of selection [and characterization tests] can be found in clause 7. The subjective tests provide statistical data which are subject to variations; important notes about interpretation of results are described in clause 8.
The actual subjective test results are presented in clause 9, and objective evaluations are presented in clause 10. 
[bookmark: _Toc10451339][bookmark: _Toc162888740]5	Terms of Reference 
3GPP sets the codec Terms of Reference as Design Constraints and Performance Requirements.
The design constraints specified in the IVAS-4 Permanent Document [12] set the framework for the IVAS codec in terms of capability and resource usage. As such they list functionalities that are divided into mandatory, recommended and optional features to be provided by IVAS codec candidates. In the final standard, all modes have an equal status and they together form the IVAS codec.
Codec features were defined as follows: 
The IVAS codec is an extension of the 3GPP Enhanced Voice Services (EVS) codec [2]. It provides full and bit exact EVS codec functionality for mono speech/audio signal input. It further provides:
-	Encoding and decoding of stereo and immersive audio formats such as multi-channel audio, scene-based audio (Ambisonics), metadata-assisted spatial audio (MASA), object-based audio (ISM), and their combination.
-	VAD/DTX/CNG for rate efficient stereo and immersive conversational voice transmissions
-	Error concealment mechanisms to combat the effects of transmission errors and lost packets. Jitter buffer management is also provided.
-	The IVAS codec operates on 20-ms audio frames. In addition, rendering is possible with 5-ms granularity.
-	Support for bit rate switching upon command.
-	Stereo and immersive audio coding at the following discrete bit rates [kbps]: 13.2, 16.4, 24.4, 32, 48, 64, 80, 128, 160, 192, 256, 384, and 512, with supported bit rate ranges listed in Table 5‑1. 
-	Support for WB, SWB and FB audio, with the supported bitrate range listed in Table 5‑2.
[bookmark: _Ref150073082]Table 5‑1: Ranges of supported bitrates for stereo and immersive coding of the IVAS codec
	Input audio format
	Range of supported bitrates [kbps]

	Stereo
	13.2 – 256

	Scene-based audio (SBA)
	13.2 – 512

	Metadata assisted spatial audio (MASA)
	13.2 – 512

	Object-based audio (ISM)
	13.2 – 512

	Multi-channel audio (MC)
	13.2 – 512

	Combined ISM and MASA (OMASA)
	13.2 – 512

	Combined ISM and SBA (OSBA)
	13.2 – 512



Note, that for the object-based audio format (ISM) the range of supported bitrates varies based on the number of objects as follows: 13.2 kbps – 128 kbps for 1 ISM, 16.4 kbps – 256 kbps for 2 ISMs, 24.4 kbps – 384 kbps for 3 ISMs, 24.4 kbps – 512 kbps for 4 ISMs.
[bookmark: _Ref156729782][bookmark: _Ref156729707]Table 5‑2 Supported audio bandwidth per input audio format and bitrate
	Input audio format
	Bitrates supporting WB
[kbps]
	Bitrates supporting SWB
[kbps]
	Bitrates supporting FB
[kbps]

	Stereo
	13.2 – 256
	13.2 – 256
	32 – 256

	Scene-based audio (SBA)
	13.2 – 512
	13.2 – 512
	32 – 512

	Metadata assisted spatial audio (MASA)
	13.2 – 512
	13.2 – 512
	32 – 512

	Object-based audio (ISM), 1 object
	13.2 – 128
	13.2 – 128
	16.4 – 128

	Object-based audio (ISM), 2 objects
	13.2 – 256
	24.4 – 256
	32 – 256

	Object-based audio (ISM), 3 objects
	24.4 – 384
	24.4 – 384
	48 – 384

	Object-based audio (ISM), 4 objects
	24.4 – 512
	24.4 – 512
	64 – 512

	Multi-channel audio (MC)
	13.2 – 512
	13.2 – 512
	32 – 512

	Combined ISM and MASA (OMASA)
	13.2 – 512
	13.2 – 512
	32 – 512

	Combined ISM and SBA (OSBA)
	13.2 – 512
	13.2 – 512
	32 – 512



The IVAS-4 Permanent Document [12] also sets constraints on maximum algorithmic delay (40 ms); frame length (20ms); maximum computational complexity (10*EVS); memory limits (10*EVS); and limit of the output gain.
A full description of the performance requirements can be found in IVAS-3 Permanent Document: Performance Requirements [11].

[bookmark: _Toc10451340][bookmark: _Toc162888741]6	Selection Process
3GPP runs codec selection as a rigorous process, outlined below.
[bookmark: _Toc10451341][bookmark: _Toc162888742]7	Introduction to the Testing of the IVAS codec
[bookmark: _Toc10451342][bookmark: _Toc162888743]7.1	General methodology
[bookmark: _Toc10451343][bookmark: _Toc162888744]7.2	IVAS Selection Phase Testing

[bookmark: _Toc10451345][bookmark: _Toc162888746]8	Important Notes about the Interpretation of Test Results
Mean Opinion Scores can only be representative of the test conditions in which they were recorded (speech/music material, processing, listening conditions, language, and cultural background of the listening subject). Listening tests performed with other conditions than those used in the testing could lead to a different set of MOS results. On the other hand, the relative performances of different codecs under test is considered more reliable and less impacted by cultural difference between listening subjects than absolute MOS values. When looking at the relative differences of the codecs in the same test, it should be noted that a difference of typically 0.15-0.2 MOS between two test results would not usually be found statistically significant; appropriate statistical significance tests such as Student's T-test should be used to get an accurate figure of statistically significant difference between conditions within an experiment.	Comment by Multrus, Markus: Text originates from TR 26.952 (EVS Characterization Report) - to be adapted!
The subjective testing is conducted using limited amount of source material in order to keep the size of the experiment within reasonable limits. Sometimes this can cause some irregularities to the test results. Also the performance of the tested codecs is not always known when designing the test, thus balancing the test conditions may not always be perfect. This may result in imperfect utilisation of the ranking scale and difficulties to discriminate the codecs with quality very close to each other.
Furthermore, in a number of experiments both clean and erroneous channel conditions were presented in the same experiment. It can be expected that the separation of the different clean channel conditions is less in those experiments compared to experiments where only clean channel conditions are presented. During the setup of the listening experiments SA4 experts made every effort to minimize effects like scale saturation and alike. However, the large number of conditions to be tested and the limited number of experiments that could be conducted made certain compromises unavoidable. It should be noted that the testing effort in the selection and characterization of the EVS codec with 48 and 22 P.800 tests in the selection phase and characterization phase, respectively, is un-precedented.
The resolution of the testing is limited. The listeners only use a scale from 1 to 5 to rank the different codecs. However, during the tests presented in the present document, we are characterising a large number of different EVS modes, most of which are very high quality codecs and this may cause sometimes a "saturation" effect in the test, i.e. the listeners cannot discriminate the different codecs because of the limited range and scale.
Taking into account the comments presented above, the reader is advised to exercise some precautions when looking and comparing the individual scores of the tests. Usually, looking at the whole picture and overall trends in the test in question may give better interpretation of the performance of the codecs. This precaution should be especially taken into account when looking at the experiments conducted using impaired channels which may present rather big variability of results over the limited amount of tested conditions.
Throughout the present document, test results are presented in two different graphical forms. 
-	Test Profiles - For each Selection and Characterization Experiment, a Test Profile presents the results for the test in a column graph showing the Mean scores and 95 % Confidence Intervals for each test condition involved in the experiment. The scores are grouped into three major categories: Reference Conditions (Direct Source and MNRU conditions), Reference Codec Conditions, and EVS Codec Conditions. Furthermore, the Codec conditions are color-coded according to the major parameters under test in the Experiment. Each value shown in the Profiles are based on 192 votes. The score Profiles are intended to give the reader a snapshot of the results for the Experiment and no conclusions on the statistical significance of the results should be inferred from the profiles. Instead, appropriate statistical tests such as Students T-test should be used to obtain a valid and accurate figure of statistically significant differences between conditions within an experiment. 
-	Line-graphs - Summary results are presented in line-graphs which compare the Reference codecs and the IVAS codec for various test parameters, (e.g. Bit-rate, Frame Error Rate, DTX on/off, etc.). The line-graphs only include conditions from within a test, i.e., no comparisons are made across tests. Confidence intervals are not shown in the line-graphs as they tend to clutter the graphs and obscure the general trends for which the line-graphs are intended. Again, statistically significant differences should not be inferred from the graphical results except where specified in the text. 

[bookmark: _Toc10451346][bookmark: _Toc162888747]9	IVAS Performances
[bookmark: _Toc162888748]9.1	Mono
[bookmark: _Toc162888749]9.2	Stereo
[bookmark: _Toc162888750]9.3	Scene-based Audio (SBA, Ambisonics)
9.4	Objects (Independent Streams with Metadata, ISM)
[bookmark: _Toc162888751]9.5	Metadata-assisted Spatial Audio (MASA)
9.6	Multi-Channel (MC)
9.7	Combined Objects and SBA (OSBA)
9.8	Combined Objects and MASA (OMASA)
9.9	Rendering
9.10	Split Rendering



[bookmark: _Toc10451407][bookmark: _Toc162888753]10	Objective Evaluations 
[bookmark: _Toc10451417][bookmark: _Toc162888756]10.1	Complexity and Delay Analysis

[bookmark: _Toc129708886]Annex A:
ToR Tests in Selection Phase

[bookmark: _Toc129708887]
Annex B:
Overall Characterization of the IVAS Codec
[bookmark: _Toc129708889]
Annex C:
IVAS Permanent Documents in 3GPP FTP-site 
The standardization of the EVS codec is described in a series of permanent project documents. They contain the most important guidelines, rules and decisions. The following permanent project documents can be found in a specific location on the 3GPP FTP site:
Table C.1: EVS Permanent Project Documents
	SA4 TDoc number
	P-doc
	Title

	S4-xxxxxx
	IVAS-1
	IVAS Codec Development Overview

	S4-xxxxxx
	IVAS-2
	IVAS Project Plan

	S4-231049
	IVAS-3
	IVAS Performance Requirements

	S4-231031
	IVAS-4
	IVAS design constraints

	S4-231086
	IVAS-5
	Selection Rules

	S4-231087
	IVAS-6
	Selection Deliverables 

	S4-231306
	IVAS-7a
	Processing plan for selection phase

	S4-xxxxxx
	IVAS-7b
	Processing plan for characterization phase

	S4-231115
	IVAS-8a
	Test Plan for Selection Phase

	S4-xxxxxx
	IVAS-8b
	Test plan for characterization phase

	S4-xxxxxx
	IVAS-9
	IVAS Usage Scenarios



The latest version of these documents can be found in the following link:
https://www.3gpp.org/ftp/TSG_SA/WG4_CODEC/IVAS_Permanent_Documents 

[bookmark: _Toc129708890]
Annex D:
Attachments
Attachements to the present document include:	Comment by Multrus, Markus: Text from TS 26.952 - needs t be adapted to IVAS
1)	Excel sheet containing the EVS Selection Phase Test Results
2)	Excel sheet containing the EVS Characterization Phase Test Results
3)	Contribution S4-150559: HEAD acoustics, EVS – Objective Codec Evaluation - including results of codec release version 12.1.0, 3GPP SA4#83 Meeting, 13-17 April 2015
[bookmark: _Toc129708892]
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