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This contribution is a resubmission of S4-190431.
1 Introduction

The Work Item on Immersive Voice and Audio Services (IVAS_Codec) was approved at SA#77 (Sept. 2017) [1]. At SA4#95, the source brought up an input [2] addressing performance requirements and we repeat below a relevant excerpt, given that IVAS-3 is still at an early stage:
“As long as essential design constraints are not yet defined (e.g. bit rates) it seems premature to propose performance requirements. At this stage it would be useful to verify what would be the potential reference codecs to define requirements. In particular, the Source proposes to consider MPEG-H 3DA as a reference codec to ensure comparison with the state-of-the-art.
[bookmark: _GoBack]Note: The existing requirements for EVS stereo in [3] assumed self-referencing with EVS with specific content (correlated stereo content). One should discuss whether the same type of requirements still makes sense for IVAS in stereo.
The robustness of the IVAS codec should be tested using radio profiles that properly reflect the target services, in particular 5G NR.”

At SA4#102, the source brought some test results for scene-based audio and discussed potential reference codecs in terms of Opus, MPEG-H, FS_CODVRA extension of e-AAC+, VRStream codecs (as alternatives to EVS multimono) and some testing aspects (reference conditions for FOA/HOA, use of individual or personalized HRTFs).

If we check the current status of IVAS P-docs, we can find that:
· The current design constraints in IVAS-4 [4] still miss some fundamental aspects like the minimum bit-rate for various operations (stereo, ambisonics, etc.), specific details on input formats (e.g. maximum HOA order, definition of object-based audio) or basic requirements on algorithmic delay and complexity.
· The draft performance requirements in IVAS-3 [5] contain mostly a draft list of reference codecs and a placeholder for stereo requirements based on previous EVS stereo requirements in square brackets.
Moreover, the discussion on testing aspects, especially the types of input signals (e.g. AB, MS stereo), noise types and levels, error patterns for noisy channels, is due to start at SA4#105 (August 2019). 
Based on the above observations, it seems premature to agree on any performance requirement, and we suggest in this contribution discussing some high-level principles on reference codecs to allow some progress in near future. We also revisit the previous proposals made by the source based on the feedback received during the meetings. 


2 Review of potential reference codecs

To avoid repeating discussions it is worth recalling that:
· It was pointed out at SA4#95 that MPEG-H may not be an appropriate reference codec for IVAS because the encoder is not fully specified and the use case of MPEG-H is not conversational. 
· At SA4#102 concerns were raised on considering reference codecs with no publicly available encoder and it was noted that a reference coder than has no full specification is not suitable.

2.1 Reference codecs for stereo

As pointed out in [2], the source has doubts that past EVS stereo requirements (dual EVS mono coding) can be reused as such for IVAS. Stereo in EVS was seen as a add-on with less priority in discussions and was eventually not supported.
A previous example of standardization exercise for a stereo conversational codec is given by ITU-T G.711.1/G.722 stereo extensions. This exercise considered speech signals constructed using a mono database and room impulse responses for positioning and/or reverberation (recorded in an anechoic room or a conference room). The following codecs were used as reference:
· Exp 1b (WB/SWB stereo clean speech without reverberation): dual mono G.722.1C at 24, 32, 48 kbit/s per channel, G.722.1 at 24 kbit/s per channel, and 3GPP TS 26.273 and TS 26.411 at 32 kbit/s (output downsampled at 32 kHz)
· Exp 2b (WB/SWG stereo noisy speech for office noise and interfering talker): dual mono G.722.1C at 24, 32, 48 kbit/s per channel, G.722.1 at 24 kbit/s per channel
· Exp 3b (WB/SWB stereo music): dual mono G.722.1C at 24, 32, 48 kbit/s per channel, G.722.1 at 24 kbit/s per channel, and 3GPP TS 26.273 and TS 26.411 at 32 kbit/s (output downsampled at 32 kHz)
We can observe that the reference codecs are already captured in square brackets in IVAS-4. 

2.2 Reference codecs for binaural audio

In ITU-T SG16 it was decided to setup joint experiments for stereo and binaural speech signals (excluding binaural audio for music) [6]. This implies that the same reference codecs as listed in section 2.1 of the present contribution were considered.

2.3 References codecs for FOA/HOA

The proposals in [3] still hold, however it is acknowledged that if no interested party volunteers to provide a reference MPEG-H / VRStream implementation such potential reference codecs should not be considered.

3 Proposal

We suggest collecting further potential reference codecs and invite draft requirements for SA#104 with (whenever possible) test results supporting draft requirements and comparing reference codecs.
Repeating a proposal made in [2], we also support sending an LS to RAN1/RAN2 to ask if they could provide radio profiles that properly reflect the target services, in particular 5G NR.
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