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Introduction
[bookmark: _GoBack]Reference testing for IVAS codec evaluation with headphone playback was previously suggested in a contribution by the source [1]. Such testing would cover all cases with the predominant rendering instrument according to the IVAS WID, which are headphones. The proposal appeared to be largely compatible with the suggestions from Fraunhofer [2] and Ericsson [3]. Two open discussion points remained however the choice of a common renderer of the uncoded original, i.e. DIRECT signal and the question how to deal with potential FOA content.
This contribution addresses these open issues and reiterates the previous proposal on the generation of Direct and CuT test conditions for reference testing with headphone playback. 
Choice of common renderer for DIRECT conditions
A main concern raised in discussions about using a common renderer for uncoded original audio in reference or DIRECT conditions was that the perceptual properties of this renderer might substantially bias the grades that a CuT condition could achieve when tested against this reference. The source agrees that there is an influence and a solution with a renderer with substantially different perceptual properties might be at a disadvantage even if the coding of the audio signal was almost perfect.
However, in the source’s view such an argumentation is not valid because it seems not to consider the following points:
· The reference renderer should not be any renderer with potentially not well understood perceptual properties but rather represent what in the opinion of the group would be optimal to retain the artistic intent of the original audio signal.
· The reference renderer should be upfront-agreed by the group, as the ideal renderer. It should be open, which would give all IVAS codec proponent the possibility to design a renderer for its IVAS candidate with matching perceptual properties. 
· There are no reasons for proponents not to use the reference renderer as default renderer for their IVAS codec candidate, as long as the overall solution meets the design constraints on, e.g., complexity and latency.
· The reference renderer should be available well before codec candidate submission to give all proponents the possibility to take the properties and technologies of the reference renderer into account for their own solutions.
· At lower bit rates, it can be expected that coding deficiencies are by large the predominant cause of perceptual differences from the reference condition. Differences in the actual rendering should be of relatively minor importance. 
Hence, the source proposes to agree on launching a joint activity by the group to specify a suitable reference renderer. Dolby would be very much willing to contribute to such a process and be open to proposals of other IVAS codec contenders.   
FOA conditions
The source has suggested to test potential FOA conditions against a reference condition generated from a high quality HOA original signal. To that end, there would be an HOA -> FOA truncation stage before the CuT encoder input. It is still Dolby’s opinion that this remains a proper way to generate and test such conditions. 
However, the source also respects other views and as a way forward it could be considered to have no explicit FOA test conditions, requiring HOA -> FOA truncation of the original material. Instead, the codec would always be fed with the high-quality original material and it would remain up to each individual codec design to carry out potential input format truncations and other format conversions if the tested bit rate does not warrant a representation with higher spatial accuracy.
The source is open to both approaches. 
Proposed generation of Direct and CuT test conditions
Based on the discussion above and in line with previous submission [1], it is proposed to generate reference and CuT conditions according to the following block diagrams:  
a. Testing with immersive input audio and headphone rendering
1. [bookmark: _Hlk8223304]
1. 
1. 


[bookmark: _Hlk15658926]Figure 1: Reference and CuT condition generation for tests with immersive input audio and headphone rendering
b. Testing with binaural input audio and headphone rendering


Figure 2: Reference and CuT condition generation for tests with binaural input audio and headphone rendering
c. Testing stereo input audio and headphone rendering



Figure 3: Reference and CuT condition generation for tests with stereo input audio and headphone rendering
Conclusion and proposal
In conclusion, the source proposes to agree on the following:
· Launch joint activity by the group to specify a suitable reference renderer for uncoded original content.
· Discuss and agree on one of the suggested approaches to deal with the question of FoA audio testing.
· Agree on Figures 1-3 for reference and CuT condition generation for tests with headphone rendering and inclusion in a draft processing plan IVAS-7.
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