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1. Introduction
Document [1] and [2] contain agreed aspects of the VRStream audio profiles submission process. This contribution identifies remaining open points and proposes a way forward.

2. Agreed aspects for VRStream Audio Profile Submission Process and Gap Analysis
Agreed text from [1] and [2] are reproduced in this contribution for convenience.
2.1 Codec and Reference Description
Status:
Codec and Reference Renderer Description shall be provided as follows [1]:
	The following documentation of the audio media profile shall be provided:
· Definition/specification of the bitstream, decoding and reference rendering process – as reference or by a full text documentation
· Constraints applicable for streaming, file storage and configurations changes
· Constraints (if any) on the number and configuration of encoded audio input channels that can be supported at the decoder.
· Reference Renderer latency
· Complexity of Decoder and Renderer 
· If applicable, default set of HRTF used for binaural rendering



[bookmark: _Hlk510453899]Gap Analysis:
OK. This requirement specifies what minimum documentation for the audio media profiles shall be provided with respect to codec and reference renderer description.
2.2 Interfaces
Status:
Interface descriptions shall be provided as follows [1]:
	Interfaces
	The following interfaces shall be described 
· Interfaces for file storage and streaming
· Interfaces for audio output to binaural headphones and loudspeakers
· Interfaces for head tracking
· Common Renderer API (TBD)
· External Renderer API
· API to specify an external set of HRTFs used for binaural rendering



[bookmark: _Hlk510456034]Gap Analysis:
[bookmark: _Hlk510456216]Gap Identified. The Common Renderer API (CRAPI) needs to be defined. One proposal to kick start the activity has been described in [3], but it is expected that this activity takes a bit more time complete.
Proposed Solution. The Source proposes that CRAPI be dealt with in its own work item, with the proponents of VRStream audio profiles as supporters. Upon completion, the CRAPI will be then ported to the VRStream spec.
2.3 Signaling
Status:
The signaling for Packet Switched Streaming (PSS) and Multimedia Broadacast/Multicast Service (MBMS) based download shall be provided as follows:
	Signalling 
	The following signalling for PSS and MBMS based download and streaming shall be described
· Signalling for file-based download delivery
· Signalling for DASH delivery



Gap Analysis:
OK. This requirement specifies what minimum documentation for the PSS and MBMS based signaling shall be described.
2.4 Audio Quality Characterization Test Results
Status:
All of the specified VRStream Audio codec profiles shall have a published characterization test plan and results. [2]
All of the proposed VRStream Audio codec profiles shall be tested using the test methodology specified in TS 26.259 Subjective Test Methodologies for the evaluation of Immersive Audio Systems [Clause TBD]. Proponents shall provide at least one set of subjective test results for their proposed Audio codec profile. [2]
All source and degraded audio test materials used in the conduction of the subjective tests shall be made available to interested 3GPP member companies on request and at least for the purpose of cross-checking the test results. [2]
All test results should be cross-checked by at least one other 3GPP member company and then cross-check results shall be submitted to 3GPP SA4. If no such other 3GPP member company volunteers to conduct a cross-check test, this requirement is waived. [2]
All of the proposed Audio codec profiles [shall/should] at least be tested with common reference audio renderer and loudspeaker layout(s), defined for the purposes of 3GPP SA4 subjective tests only.  The reference audio renderer and loudspeaker layout(s) are described in TS 26.259 Subjective Test Methodologies for the evaluation of Immersive Audio Systems [Clause TBD]. This requirement does not preclude providing additional test results with other renderer(s).
[All renderers used for VRStream services shall comply with minimum performance requirements for renderers to be agreed in TS 26.260 Objective Test Methodologies for the evaluation of Immersive Audio Systems [Clause TBD].]
Use of at least 3 content types for Channel-based, 3 content types for Object-based and 3 content types for scene-based audio was found agreeable during a recent LiQuImAS telco. [4]
Anchor conditions as suggested (using 3.5 kHz and 7kHz lowpass filtered) were found agreeable during a recent LiQuImAS telco. [4]
Audio Quality Characterization Test Results shall be conducted and results provided and document as follows [1]:
	Audio Quality Characterization Test Results
	The following characterization test shall be conducted and results provided and documented:

Codec Quality Characterization (Tests 1 and 2)
· ITU-R BS.1534-3
· Evaluates Basic Audio Quality
· Test 1
· Using Reference Renderer for Reference and Degraded conditions
· Over loudspeakers
· Test 2 - Optional
· Using Common Informative Binaural Renderer for Reference and Degraded conditions
· Over headphones
· All test materials for all proponents are according to corresponding LiQuImAS test plan.

Reference Binaural Renderer Quality Characterization (Test 3)
· 3GPP TS.26.260 (LiQuImAS) - Rendering Test (TBD in LiQuImAS)
· Over headphones with head tracking
· Characterize media profile performance with Reference Renderer and optionally but strongly recommended media profile performance with Common Informative Binaural Renderer.
· Evaluates the following attributes:
· Spatial Quality
· Artefacts
· Timbre Quality
· Overall Quality
· All test materials for all proponents are according to corresponding LiQuImAS test plan.




Gap Analysis:
[bookmark: _Hlk510460251]Gap Identified – Qualification and Selection Criteria 
The text “All of the specified VRStream Audio codec profiles shall have a published characterization test plan and results” , agreed in [2], implies that more than one Audio Codec Profile may be specified. However, no formalization of the Qualification and Selection Criteria for VRStream has been documented.
Proposed Solution.
The Source proposes the following Qualification Criteria for VRStream Audio Profiles:
· Qualified VRStream Audio Profiles are all Proposed Audio Profiles that:
· Support Channels, Objects and Scene-Based audio and/or a combination of these formats.
· Comply to the Codec and Reference Description, Interfaces, Signaling Requirements agreed in [1] and provide documentation to that extent by the Audio Profile Submission Deadline.
· Meet the Audio Quality Characterization Performance Requirement on the Audio Quality Characterization Tests [1] and provide documentation to that extent by the Audio Profile Submission Deadline.

· Audio Quality Characterization Performance Requirements:
· A Qualified VRStream audio profile shall have all operating points meeting a Score in The Range of “Excellent” in Test 1.
· A Score in The Range of “Excellent” means an average score, across all test Materials, not statistically significantly worse than 80 in Test 1.
· [bookmark: _GoBack]Only operating points meeting a Score in The Range of “Excellent” shall be qualified for VRStream service operation.
· A Qualified VRStream audio profile shall include at least one Reference renderer with an Overall Audio Quality not statistically significantly lower than ZERO as assessed by a Comparison Category Rating test against a Common Informative Binaural Renderer (Test 3).

The Source proposes the following Selection Criteria for VRStream Audio Profiles:
· All Qualified VRStream Audio Profiles shall be Selected VRStream Audio Profiles.

Gap Identified – Agreement on Test Material contribution and selection process.
No proposals for test materials have been made yet for Tests 1, 2 and 3 in LiQuImAS. There is also a question of how the material selection should be made. The minimum number of test materials (3 for Channels, 3 for Objects and 3 for Scene-Based) has been agreed at the March 5th, 2018 SA4 SQ Telco. There is also an agreement that the test materials shall be made available to interested 3GPP member companies on request and at least for the purpose of cross-checking the test results. [2].
Proposed Solution. 
To address the gap in test materials, the Source proposes that:
· Each Audio Profile Proponent commits to provide at least 1 and up to 5 test Materials (distributed among channels, objects, scene-based and hybrids of those) for the purposes of the characterization tests.
· The test Materials are to be shared among all Audio Profile Proponents and/or companies interested in conducting a cross-check.
· A deadline is established to upload the Materials to a Common File Server.
· If, after the deadline, no more than 10 test Materials are available on the Common File Server, each Audio Profile Proponent shall conduct one Codec Quality Characterization test (Test 1) for its Proposed Audio Profile.
· If, after the deadline, more than 10 test Materials and no more than 20 test Materials are available on the Common File Server, each Audio Profile Proponent shall conduct two Codec Quality Characterization tests (Test 1) for its Proposed Audio Profile. 
· If, after the deadline, more than 20 test Materials are available on the Common File Server, 18 test Materials shall be randomly selected by the SQ SWG Chairman with the constraint that 6 test Materials shall be Channel-based content, 6 test Materials shall be Object-Based Content and 6 test Materials shall be Scene-Based audio.

Gap Identified – Agreement on Test Material Length
No agreements exist in LiQuImAS on the length of the test materials yet. However, in [6] the Source proposes: “In compliance with ITU-R BS.1534-3 clause 5.1, the source proposes that the maximum length of the test materials be 10s [. . .].” In addition, in [7] it is observed: “[A] small preliminary listening test was carried out to determine the appropriate signal length. Experienced and naïve listeners alike preferred shorter signals.”
Proposed Solution. 
· Consistent with ITU-R BS.1534-3 clause 5.1 and observations in [7], the Source proposes that the length of the test Materials shall be greater than 4s and less than 10s.

No agreements exist in LiQuImAS on the length of the test materials yet. However, in [6] the Source proposes: “In compliance with ITU-R BS.1534-3 clause 5.1, the source proposes that the maximum length of the test materials be 10s [. . .].” In addition, in [7] it is observed: “[A] small preliminary listening test was carried out to determine the appropriate signal length. Experienced and naïve listeners alike preferred shorter signals.”
Proposed Solution. 
Consistent with ITU-R BS.1534-3 clause 5.1 and observations in [7], the Source proposes that the length of the test Materials shall be greater than 4s and less than 10s.

Gap Identified – Reference Binaural Renderer Quality Characterization
No agreements have been achieved on a rendering test yet. Because there is no “true” reference for objects and scene-based binauralized audio, the Source has proposed to use a Rendering Comparison Test in [5] against a Common Informative Binaural Renderer. The Source further suggested that such Rendering Comparison Test can be made as a multidimensional CCR test as, e.g. proposed in [7].
Proposed Solution.
· The Source proposes a Rendering Comparison Test based on CCR, where the proposed Audio Profile under test using its Reference Renderer is compared against the proposed Audio Profile under test using a Common Informative Binaural Renderer.

Gap Identified – Reference Binaural Renderer Quality Characterization
No agreements have been achieved on a rendering test yet. Because there is no “true” reference for objects and scene-based binauralized audio, the Source has proposed to use a Rendering Comparison Test in [5] against a Common Informative Binaural Renderer. The Source further suggested that such Rendering Comparison Test can be made as a multidimensional CCR test as, e.g. proposed in [7].
Proposed Solution.
· The Source proposes a Rendering Comparison Test based on CCR, where the proposed Audio Profile under test using its Reference Renderer is compared against the proposed Audio Profile under test using a Common Informative Binaural Renderer.

3. Proposal
The Source proposes to agree on the Proposed Solutions for the Gaps Identified.
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