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[bookmark: _GoBack]To assess the performance of the IVAS codec, both binaural listening and loudspeaker listening were considered. In this contribution we propose to confirm the intention to evaluate some configurations of the IVAS codec candidates using loudspeakers, to clarify the targeted loudspeaker setup and evaluation methodology, and to address some related open issues.
 
IVAS Design Constraints
[bookmark: _Hlk86829978][bookmark: _Hlk86830005]In the last revision of IVAS Design Constraints [1], the multi-channel input audio formats that an IVAS Encoder has to support are channel-based surround configurations of 5.1 and 7.1. While the channel-based input audio configurations of 5.1.4 and 7.1.4 were also considered in order to include the 3D sound vertical dimension, they are still in brackets and not agreed. The status is similar for the decoder output – so far, the agreed channel-based configurations to be rendered by the IVAS decoder are also limited to surround sound.
To reflect the IVAS codec objectives [2], in particular that “The solution is expected to provide support for a range of service capabilities, e.g., from mono to stereo to fully immersive audio encoding/decoding/rendering”, and to insure the IVAS codec keeps relevance in the future, we believe that the IVAS codec should support immersive loudspeaker rendering including the vertical dimension of the sound. 
Loudspeaker listening setup and test methodologies for IVAS assessment
Loudspeaker assessment is complementary to the assessment by binaural rendering of immersive sound, avoiding for example issues with personalization of Head Related Transfer Functions (HRTFs). We thus propose that a part of the IVAS codec performance assessment is done via loudspeakers. To allow for true 3D immersion, and at the same time to limit the complexity of the listening equipment, we propose the 7.1.4 loudspeaker configuration. Example is the CICP 19 speaker configuration as defined by ISO/IEC [3].
[bookmark: _Hlk86829728]So far, the test methodology generally used for loudspeaker assessment was ITU-R BS.1534 (MUSHRA) [4]. The scope of this Recommendation is subjective assessment of intermediate audio quality.This methodology proved efficient to discriminate performance differences on limited sets of critical items. However, the MUSHRA methodology is time consuming, limiting the practical number of tested items. Further, it recommends that experienced listeners should be involved.
An alternative to assess the IVAS codec performance at medium to low bitrates is P.800 [5], or rather its supplement extending its original scope. The supplement is currently being standardized in Q7/SG12 of ITU-T under working name P.SUPPL800 [6], collecting successful test cases applying the P.800 methodology to monophonic audio beyond the originally targeted telephony speech, stereophonic audio, and binauralized immersive audio.
The P.800 methodology is simpler and faster than MUSHRA allowing to test more conditions and audio samples within a given time period. It also works with naïve listeners, easier to find in sufficient numbers than experienced listeners. If a methodology similar to P.SUPPL800 were to be considered for loudspeaker assessment, there are however at least the following open questions:
· An update to P.SUPPL800 to take loudspeaker listening into account
· P.SUPPL800 proposes (E)SDRUs as anchor conditions for spatial impairments. (E)SDRU has been defined for stereo/binaural headphone listening [7], but it does not address loudspeaker listening. Adapting (E)SDRUs to loudspeaker listening is not straightforward and would need substantial effort. Alternatively, (E)SDRUs could be removed as anchors for loudspeaker assessment.
· Number of listeners per trial/listening panel – in headphone listening, several (typically 4) listeners participate in each listening panel, i.e. listening exactly to the same trial. In loudspeaker listening, only one listener can be seated in the listening sweet spot, though the Recommendation ITU-R BS.1116-3 [8] does not seem to exclude more listeners at the same time in surround sound loudspeaker listening setups.
Proposal
· To agree on 7.1.4 channel-based audio Encoder Input Format and Decoder Output Format in IVAS Design constraints 
· To consider 7.1.4 loudspeaker listening setup in IVAS codec performance assessment
· To consider modified P.800 DCR methodology in IVAS codec performance assessment via loudspeakers
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