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1 Abstract
The Liquimas work item is supposed to provide the necessary test methodologies for immersive audio systems. Liquimas is important since other work items with objectives to deliver immersive audio solutions such as VRStream may depend on its progress & outcome. The status of the Liquimas work item was reported at last SA4#97 meeting to be 20%. 

This contribution takes a closer look at the current Liquimas status and invites to discuss, in a constructive manner, how and when the work item can be brought to a successful closure and what are the consequences for the dependent work items.  

2 Status review
The Liquimas work item description [1] specifies a number of objectives. In the following these objectives are listed along with a status assessment by the source:
1. 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.

Assessment: Draft TR 26.861 [2] contains a collection of input documents proposing various perceptual audio quality attributes. It is not yet clear which of those quality attributes would comprise an agreed minimum set of relevant perceptual audio quality attributes.
2. Identify available test methodologies for the agreed perceptual audio quality attributes and their applicability in the context of immersive audio systems relevant to 3GPP.

Assessment: Draft TR 26.861 contains a collection of test methodologies for various perceptual audio quality attributes. The source is unsure if it can be assumed that all of them are agreed as they are part of the TR. However, none of the test methodologies appear in draft TS 26.259. It is not clear if there are any preferences for either of the test methodologies for particular quality attributes. Moreover, it is not clear how applicable the different methodologies are in the context of immersive audio systems relevant to 3GPP. 
3. Develop new subjective and objective test methodologies (if applicable) considering:

a. That the assessment of the capture, coding, transmission and rendering blocks of the immersive audio system may require distinct test methodologies.
Assessment: Draft TR 26.861 contains a collection of subjective test methodologies of which some are not necessarily new. The methodologies may be suitable for the assessment of capture, coding, transmission and rendering blocks. Draft TS 26.259 [3] is still empty, except for section headings. Draft TS 26.260 [4] contains draft text in square brackets for objective test methodologies for send direction assessment. No language exists for objective test methodologies for receive direction assessment or for the assessment of end to end immersive audio systems. It is not clear if there will be any consideration that the objective assessment of the capture, coding, transmission or rendering blocks may require distinct test methodologies.
b. That the assessment of different quality operating points and use cases may require distinct test methodologies.

Assessment: No new subjective or objective test methodologies have been developed under this consideration.
c. Possible impacts of dynamic rendering, headphone equalization and use of Head Related Transfer Functions (HRTF) to the perceived audio quality / psychophysical response, either in isolation or in combination with other processing blocks of the immersive audio system.

Assessment: No subjective or objective test methodologies have been developed under this consideration. In particular, draft TR 26.861 states in clause 4.2.3.3.1:
“Listening to spatial audio over headphones brings up the issue of how binaural reproduction is realized, and in particular the selection of HRTFs (non-individual, personalized or individual). We would recommend to study this issue in LiQuiMAS.”

The status is however that no such study work so far has been done under the Liquimas work item. The consequence is that the methodological problem with Mushra testing of binauralized immersive audio that was identified during the VR study phase persists. 
d. Possible impacts of simultaneous video presentation to the perceived audio quality / psychophysical response.

Assessment: No subjective or objective test methodologies have been developed under this consideration. 

The consequence is that no answers can be given on the question how visual cues influence the subjective perception and certain perceptual audio quality attributes of VR immersive audio. 
e. Use of naïve and/or experienced listeners as appropriate for each test.

Assessment: No subjective or objective test methodologies have been developed under this consideration.
f. Development and documentation of appropriate test signals where applicable.

Assessment: No subjective or objective test methodologies have been developed under this consideration. In particular, no test signals have been developed. Some of the documented subjective test methodologies have documented certain test signals. Also, test signals for the objective evaluation of immersive audio systems (in the sending direction were documented.

g. Appropriate statistical methods for data analysis and reporting.

Assessment: No objective test methodologies have been developed under this consideration. Two subjective test methodologies, CCR [3,5] and ADA [3,6] apply statistical methods in their result data analysis.
h. The need for repeatable and reproducible test results.

Assessment: The aspect of repeatability and reproducibility of test results has not particularly been addressed by any of the subjective or objective test methodologies documented in draft TR 26.861 or, respectively, draft TS 26.260. No analyses have been done on that aspect. In particular, no knowledge has been built up under the work item about how to carry out repeatable and reproducible tests with head tracking.  
4. Document the findings in a new technical report.

Assessment: Various company inputs have been collected in the draft TR 26.861 on perceptual audio quality attributes and on subjective test methodologies for immersive audio. The draft TR is thus a collection of non-redacted company contributions. There are no overall conclusions putting these contributions into the context of 3GPP testing of immersive audio systems that are being developed in a related work item like VRStream. 
5. Document agreed test methodologies in new technical specifications.

Assessment: No subjective test methodologies are documented in draft TS 26.259. Draft TS 26.260 contains unagreed draft text for objective test methodologies for send direction assessment, no language yet for receive direction assessment or for the assessment of end to end immersive audio systems.
6. Liaise and coordinate with other potentially interested industry organizations such as ISO MPEG, VR-IF, ITU-T SG12, ITU-R WP6C, and ETSI TC STQ.

Assessment: Apart from informing these organizations about the existence of the Liquimas work item in [7], no further communication has happened under the work item. Since at least some of these organizations work on topics that are potentially relevant for Liquimas, awareness of the status of the work by these organizations and active coordination & liaison would be very desirable.  
3 Conclusion
It is the view of the source that the present Liquimas status is critical and that many of the central work item objectives have not yet been sufficiently addressed. The lack of progress represents a risk for the dependent work item VRStream as it is in the critical path for it. 
The source suggests to discuss the work item status and to agree on actions that could bring the work item to a successful closure, state of sufficient progress that would at least mitigate the impact on the VRStream work item. Some short-cuts for the evaluations under VRStream might be considered as an alternative, but this would limit the conclusiveness of the evaluation results. An outcome of the discussion should also be a realistic assessment of where Liquimas is, and a practical timeline & work plan for agreed subjective test methodologies for immersive audio, which will facilitate the time planning for VRStream. 
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