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Introduction
[bookmark: _GoBack]At the last SA4#104 meeting, a discussion on IVAS design constraints took place and the EVS SWG made efforts to edit the related IVAS-3 Pdoc. While no output document of the editing session was agreed, it appeared that movements towards a common ground among the parties are possible at least on the reference codecs to consider when defining performance requirements. When it comes to defining reference conditions for IVAS, one unsolved fundamental question remains whether the used reference codecs should be mono codecs, operated in a multi-mono setup with or without matrixing or if codecs should be preferred that perform joint coding of at least two channels.
This contribution discusses this question in more detail and concludes that defining performance requirements at the present stage is problematic because the behavior of the considered reference conditions to be used as requirement are not well understood. It is suggested to carry out subjective listening tests with the potential reference systems before agreeing on reference systems to be used as IVAS performance requirements.  
Discussion
The IVAS codec is expected to offer benefits over the existing EVS codec in offering coding support for stereo and immersive audio. EVS may also be used for coding of such kind of audio, simply by configuring EVS to operate in multi-mono mode. This is done by using multiple EVS instances for individual coding of the audio channels carrying the stereo or the immersive audio. One of the advantages the IVAS codec is expected to offer over such multi-mono EVS solutions is improved coding efficiency due to the use of joint coding of the audio channels.
Accordingly, it appears obvious to propose performance requirements that use the EVS codec in multi-mono configuration and, for instance, to require that IVAS at the same total bit rate would offer higher audio quality than the multi-mono EVS coding solution. So far, multi-mono EVS reference systems have been proposed that operate all EVS instances at equal bit rate [1][2].
However, several problems arise with this approach:
· Performance requirements based on a multi-mono codec reference are of varying difficulty for a codec relying on joint channel coding. Depending on whether the audio channels are correlated or not, the requirement may be more or less easy to meet. Contributions on performance requirements based on multi-mono EVS coding consequently suggest that the requirements should only apply for “certain correlated content” [1][2]. In the view of the source such a requirement is very problematic. It is not well-defined and inconsistent; it would not apply for content that is not part of the set of “certain correlated content”. It is not clear where and how to set the bounds for that set. Note that this concern also applies to the (unagreed) stereo performance requirements that are included in square brackets in the IVAS-3 document. 
· The suggested approach to run the EVS instances of the multi-mono EVS reference system at equal bit rates does not appear very realistic. If the purpose is to demonstrate value of IVAS over multi-mono EVS, it appears appropriate to consider reference configurations that would be close to what would be used in practice and/or that gives IVAS the possibility to demonstrate true advantage over the multi-mono EVS system. More appropriate EVS reference systems might operate the EVS instances at different and possibly varying (source-controlled) bit rates. Matrixing of the input audio channels before the multi-mono coding should also be considered. In that context it can be noted that work with using multi-mono EVS codec configurations with matrixing and unequal bit rate allocations was done and documented in the context of 3GPP VR [3],[4]. 
· EVS is an advanced multi-mode hybrid ACELP/MDCT based codec. This codec performs source-dependent mode decisions. No documented experience exists how these mode decisions might impact the audio quality when used in a multi-mono configuration with independent mode decisions of the individual involved EVS encoders. It may be suspected that uncoordinated mode decisions might impact the quality of the multi-mono EVS coded stereo or immersive audio.  Reference [5] gives at least a hint that the quality achievable with multi-mono EVS may be quite limited. 
Consequently, the source is of the opinion that, at present, there exists too little knowledge to agree on using multi-mono EVS systems as performance references for the IVAS codec.
In the discussions at the last SA4 meeting related to potential IVAS reference codecs, other codecs than multi-mono EVS were proposed. Some of these codecs are joint channel codecs. These codecs might overcome the problem discussed above that multi-mono EVS based references suffer from inconsistencies depending on the level of correlation of the content. These codecs could be used to build reference coding systems where at least pairs of the audio channels carrying the stereo or immersive audio signals would be coded jointly. However, also for these codecs, being used in corresponding reference coding systems, there is currently not enough experience in the group that would make it possible to agree on performance requirements.    
Proposed way forward
As a way forward, it is suggested to carry out studies of the conceivable reference systems before agreeing on specific reference systems or even IVAS performance requirements. It is proposed that the group should agree on a set of conceivable candidate reference systems for different input audio formats. These candidate reference systems should then be evaluated in a series of subjective quality assessments over a suitable range of bit rates or a suitable range of qualities.
In the view of the source, it would be desirable to consider at least
· Multi-mono EVS, equal (constant) bit rate allocation
· Multi-mono EVS, unequal, optimized bit rate allocation, coordinated mode decisions, matrixing of audio channels
· Joint coding of pairs of audio channels using AMR-WB+, equal (constant) bit rate allocation
· Joint coding of pairs of audio channels using eAACplus, equal (constant) bit rate allocation
· Joint coding of pairs of audio channels using Opus, equal (constant) bit rate allocation
The evaluations should be done for the following content types/categories 
· Correlated voice (clean/noisy)
· Uncorrelated voice (clean/noisy)
· Correlated music and mixed content
· Uncorrelated music and mixed content
Note: A clear definition of correlated and uncorrelated content for the various input audio formats still needs to be developed.
To start with, the studies should investigate the systems with stereo, multi-channel 5.1 and FOA audio.
Summary and Conclusion
The discussion has highlighted the fact and the reasons why the source is of the opinion that defining IVAS performance requirements based on the current proposals is problematic. Too many fundamental questions remain on the reference systems proposed so far. Unlike it was the case in earlier 3GPP standardizations of voice codecs, for IVAS with its targeted stereo and immersive audio coding capabilities, there exists insufficient experience with the respective reference systems/codecs that are presently under discussion.
This leads the source to the conclusion that IVAS performance requirements and reference systems cannot be reasonably agreed before potential reference systems have been studied in a series of subjective evaluations. The source is aware of the resources required for a corresponding effort but would be willing to take an adequate share for the sake of solving the questions at hand. 
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