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Based on input [1], SA4 has started to discuss basic principles of the funding of IVAS codec selection and characterization phases. A related matter is the planning of the tests to be carried out. While the tests can only be planned concretely once performance requirements and required input/output audio formats (matter of design constraints) are finally decided and the number of candidate codecs is clear, the topic of choosing proper methodologies for the test is fundamental and should be addressed in good time.
This contribution reviews available test methodologies and aims at starting a discussion which methodology should be chosen given the key IVAS use cases.
IVAS Use Cases
IVAS WID [2] and Pdoc IVAS-9 [3] list the relevant IVAS use cases/usage scenarios. These are shown in the table below along with the expected main audio content:
	Use case [2]
	Usage scenario [3]
	Main audio content

	· Conversational voice (telephony) 
· VR conversational (telephony)
	· Stereo and Immersive Telephony
· Stereo and Immersive equipment for representative telephone
· VR Telephony
	· Voice, ambience

	· Multi-stream teleconferencing
· VR conversational (multi-party)
	· Spatial conferencing
· Server-based spatial conferencing
· VR Conferencing
· Virtual Meeting
· Remote class participation
· In-Game communications
· XR Meeting
· XR Convention / Poster Session
	· Voice, ambience

	· User generated live and non-live content streaming.  
	· Immersive and VR content distribution
	· Generic audio



Note: The usage scenarios in grey font are listed in Pdoc IVAS-9 but are not yet agreed since more input is needed to fully specify them. 
The audio sensation is generally immersive or at least stereo. The term ambience means typically a broad class of audio such as any environmental sounds, noises or music which may be the background sound of dominant voice signals. Generic audio may typically mean music, voices environmental or synthetic sounds or any combination thereof. 
 
Test Methodologies 
ITU-T and ITU-R offer a range of subjective audio quality test methodologies generally suitable for the audio content encountered in the above-listed use cases/usage scenarios. In the following, the most relevant ones in the context of potential IVAS codec audio quality evaluations are reviewed. Most of the text in this section is relevant excerpts from the respective ITU recommendations, which a few additions by the source. More details and considerations are found in the respective original ITU Recommendations.

ITU-T Rec. P.800: Methods for Subjective Determination of Transmission Quality [4]
Recommended use
ITU-T Rec. P.800 describes various recommended methods for subjective determination of speech transmission quality in telephony context. Most relevant for the evaluation of speech processing systems (including codecs) are listening-opinion tests out of which the Absolute Category Rating (ACR), the Degradation Category Rating (DCR) and Comparison Category Rating (CCR) methods have been frequently used by 3GPP and ITU-T for speech codec evaluations.
The Absolute Category Rating (ACR) method tends to lead to low sensitivity in distinguishing among good quality circuits. A modified version of the ACR procedure, called the Degradation Category Rating (DCR) procedure, affords higher sensitivity. The DCR procedure, which uses an annoyance scale and a quality reference before each configuration to be evaluated, seems to be suitable for evaluating good quality speech. 
While P.800 DCR has originally been developed for speech quality assessments, 3GPP has extended the scope of use to content types other than speech. During the EVS standardization exercise, P.800 tests were carried out with music and mixed speech-music stimuli. P.800 ACR methodology has frequently been used in earlier 3GPP standardizations and was previously applied during the EVS codec standardization for certain EVS operation modes with relatively low bit rate/quality.
Selection of listening panels
Naïve listeners: Subjects taking part in listening tests are chosen at random from the normal telephone using population, with certain provisos, such as the listeners being native of the language used for the test. 
Size of listening panel: In past P.800 ACR and DCR speech codec evaluations by 3GPP, 24 to 32 listeners were involved, where the higher number was used in tests with enhanced accuracy requirements, such as in codec selection tests. 
Test method
[bookmark: _Hlk61960209]The P.800 recommended test method for listening-only tests is the "Absolute Category Rating" (ACR) method, however, with the limitation that it is less suitable for good quality circuits.
Absolute Category Ratings are applied to short groups of unrelated sentences (typically pairs), each of which has been passed through a number of standard processes as well as the processes under test. The rating scale is typically a 5-grade scale ranging from “Excellent” to “Bad”. 
The DCR method addressing the shortcomings of ACR for the testing of good quality circuits compares the system under test with a high-quality fixed reference and the degradation (from "Inaudible" to "Very annoying") is rated on a five-point scale. The stimuli are typically presented to listeners by pairs (A-B) where A is the quality reference sample and B the same sample processed by the system under evaluation.
Attributes
The quality attribute to be assessed with the P.800 methodology is implicitly defined by the instructions given to the subjects. These are the instructions associated with the rating according to the five-point absolute or degradation category scale and the instructions given to the subjects prior to the test. The quality attribute typically assessed with P.800 is basic quality. Other quality attributes are not explicitly excluded but given the use of naïve listeners who frequently may lack understanding of the task, more sophisticated attributes may not easily be assessible. 
Test capacity
Past P.800 ACR and DCR tests by 3GPP were designed to limit the listening effort per subject to about 1.5 hours as an absolute maximum. This is to avoid impacting test accuracy due to listener fatigue. This allowed for ACR tests with up to 64 nominal conditions and DCR tests with up to 40 nominal conditions involving up to 6 different takers or content types.    

ITU-T Rec. P.811: Subjective test methodology for evaluating Speech oriented stereo communication systems over headphones [5]
Recommended use
Recommendation ITU-T P.811 describes a methodology for evaluating the subjective quality of signal and spatial localization separately, in addition to overall quality, in stereo telecommunication systems over stereo headphone reproduction. The methodology assesses the quality of the stereo transmission chain using separate subjective rating scales to independently estimate the subjective quality of a signal, the spatial localization and the overall quality. 
The method was developed for stereo speech content over clean or noise/music background. 
The P.811 recommendation is fairly recent and 3GPP has no experience yet with the methodology.  
Selection of listening panels
[bookmark: _Hlk62237537]Naïve listeners: All the listeners shall be native speakers of the language used for the test and no listener shall have participated in a subjective experiment in the previous six months. 
Size of listening panel: A minimum of 24 naive listeners shall participate in the tests. 
Test method
The method can be regarded as an extension of the P.800 DCR method, where the attributes “signal quality”, “spatial quality” and “overall quality” are assessed in a single test. Each trial is comprised of three sub-trials, where each sub-trial is followed by a silent voting period. For the three sub-trials, listeners rate SIG, SPA and OVRL, as follows: 
· In sub-trial 1, subjects are instructed to attend only to the speech (and background noise or music) signal and rate the signal degradation (SIG) of the processed TEST sample relative to the REF sample using the degradation category rating (DCR) scale. 
· In sub-trial 2, subjects are instructed to attend only to the change of the spatial localization accuracy degradation (SPA) of the processed TEST sample relative to the REF sample using the DCR rating scale.
· In sub-trial 3, subjects are instructed to rate the overall quality degradation (OVRL) of the TEST sample relative to the REF sample using the DCR rating.
Attributes
The quality attributes assessed with the P.811 methodology are “overall quality”, “signal quality” and “spatial quality”.  
Test capacity
A test may take over 3 hours per subject. The methodology is reported to allow for evaluating at least 18 test conditions in a single test. 

ITU-R BS.1534-3: Method for the subjective assessment of intermediate quality level of audio systems (MUSHRA) [6]
Recommended use
Testing and evaluation procedures given in Annex 1 of ITU-R BS.1534-3 be used for the subjective assessment of intermediate audio quality. 
Suitable (but not limited) for the evaluation of audio signals in a broadcasting environment.
Selection of listening panels
Experienced listeners: The listening panel should be composed of experienced listeners, in other words, people who understand and have been properly trained in the described method of subjective quality evaluation.
Size of listening panel: Where the conditions of a listening test are tightly controlled on both the technical and behavioural side, experience has shown that data from no more than 20 assessors are often sufficient for drawing appropriate conclusions from the test. 
Test method
MUSHRA is a double-blind multi-stimulus test method with hidden reference and hidden anchors: The subject is presented with a sequence of trials. In each trial the subject is presented with the reference version, the low and mid anchor, as well as all versions of the test signal processed by the systems under test.
Because the subject can directly compare the impaired signals, this method provides the benefits of a full paired comparison test in that the subject can more easily detect differences between the impaired signals and grade them accordingly. Thus, suitable for ranking different systems.
Attributes
The following lists the recommended audio quality attributes that can be assessed with the methodology. It is preferred that the attribute “basic audio quality” be evaluated in each case. Experimenters may choose to define and evaluate other attributes. Only one attribute should be graded during a trial.
· Two-channel stereophonic system:
· Basic audio quality
· additional attribute may be of interest:
· Stereophonic image quality
· Advanced sound system
· Basic audio quality
· additionally, the following attributes may be of interest:
· Timbral quality
· Localization quality
· Environment quality
Test capacity
It is recommended that no more than 12 signals (e.g. 9 systems under test, 1 hidden low anchor, 1 hidden mid anchor and 1 hidden reference) should be included in any trial. A single test may typically not exceed the number of 10-12 stimuli. 

ITU-R BS.1116-3: Methods for the subjective assessment of small impairments in audio systems [7]
Recommended use
Testing, evaluation and reporting procedures given in Annex 1 of ITU-R BS.1116-3 be used for the subjective assessment of small impairments in audio systems including multichannel sound systems. 
Suitable (but not limited) for the evaluation of audio signals in a broadcasting environment.
Selection of listening panels
Expert listeners: It is important that data from listening tests assessing small impairments in audio systems should come exclusively from subjects who have expertise in detecting these small impairments. The higher the quality reached by the systems to be tested, the more important it is to have expert listeners.
Size of listening panel: Where the conditions of a listening test are tightly controlled on both the technical and behavioural side, experience has shown that data from 20 subjects is often sufficient for drawing appropriate conclusions from the test. 
Test method
Double‑blind triple-stimulus with hidden reference: One subject at a time is involved and the selection of one of three stimuli (“A”, “B”, “C”) is at the discretion of this subject. The known reference is always available as stimulus “A”. The hidden reference and the object are simultaneously available but are “randomly” assigned to “B” and “C”, depending on the trial.
The subject is asked to assess the impairments on “B” compared to “A”, and “C” compared to “A”, according to the continuous five‑grade impairment scale. One of the stimuli, “B” or “C”, should be indiscernible from stimulus “A”; the other one may reveal impairments. Any perceived differences between the reference and the other stimuli must be interpreted as an impairment.
Attributes
The following lists the recommended audio quality attributes that can be assessed with the methodology. It is preferred that the attribute “basic audio quality” is evaluated in each case. Experimenters may choose to define and evaluate other attributes.
· Two-channel stereophonic system:
· Basic audio quality
· additional attribute may be of interest:
· Stereophonic image quality
· Advanced sound system
· Basic audio quality
· additionally, the following attributes may be of interest:
· Timbral quality
· Localization quality
· Environment quality
Test capacity
The recommendation does not contain explicit indications of the test capacity in terms of maximum number of conditions manageable in a single test. Though, it is stated that a grading session should not last for more than 20-30 min, although the self-paced character of trials advocated here will introduce uncontrolled variability among subjects. Experience suggests that no more than 10 to 15 trials per session should be scheduled to achieve the desired session length. Assuming that a test contains about 10-12 stimuli like in the above described Mushra test, this limits the practical number of test conditions to a single-digit number. 
ITU-R BS.1285-0: Pre-selection methods for the subjective assessment
of small impairments in audio systems [8]
This Recommendation is based on Recommendation ITU-R BS.1116 and originally targets a pre-selection methodology to be applied prior to BS.1116 to reliably reject systems introducing large impairments and retaining only a reduced set with small impairments. BS.1285 is less stringent than BS.1116 and allows various relaxations in the test method, which can greatly reduce the test effort.
Consequently, ITU-T Q7/12 adopted BS.1285 for quality assessments of the G.718 & G.729.1 SWB codec extensions [9]. Tested conditions contained coded mono and stereo speech (clean and noisy) and mono and stereo music content. The main relaxation was the use of experienced/naive rather than expert listeners and the constraint to exclude re-listenings. 
Discussion
When deciding on the quality assessment methodology to be used for specific experiments in 3GPP IVAS codec evaluations, various criteria should be considered.
The source has identified the following relevant criteria:
· What is the adequate test methodology given the targeted IVAS use cases/usage scenarios and the main audio content observed in these use cases/usage scenarios? 
· How does the involvement of naïve vs expert listeners (as required by a certain test method) correlate with the use case being tested?
· What is the adequate test methodology given the expected quality level for the given IVAS operation mode to be evaluated?
· What is the adequate test methodology given ask of the test? For instance, is the ask to ascertain the meeting of a performance requirement, the ranking of multiple codec candidates or the characterization of the IVAS codec with regards to certain quality attributes? 
· What experience exists with the considered test methodology within 3GPP and external, in other SDOs like ITU or MPEG?
· In case the considered test methodology is not explicitly recommended for a given test ask, can it be safely adapted given existing experience in 3GPP or other SDOs? 
· What are the implications and potential limitations of the considered test methodologies on the practical generation (processing) of the test stimuli?
· What are the capabilities of the involved listening labs, i.e. which of the considered test methodologies can be carried out by them? Do the labs have a track record of previous tests with the considered test methodology?
· Economics of the test, i.e. can the relevant evaluations be efficiently done given the number of test conditions, codec candidates and test capacity?
· What cost will an independent listening lab charge for a test to be run following a given methodology? This cost needs to be normalized given the capacity of the methodologies.
Conclusion
This contribution intends to open a discussion on the choice of suitable subjective quality assessment methodologies for IVAS codec standardization. The methodologies to be used should be well-suited to the relevant IVAS use cases/usage scenarios and their relevant audio content. A list of potential methodologies has been presented while highlighting with certain key characteristics. In the discussion a number of criteria were presented that may guide the choice. 
The source suggests that the tests methodologies to be used for 3GPP IVAS codec evaluations should be chosen from within the set of this contribution and that the selection of a methodology applicable for a test should be done considering the presented criteria.
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