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1 Introduction

This contribution is a follow-up to the discussion that took place at SA4#104 on input/output format combinations for IVAS. The latest version of IVAS-4 in [1] defines the following requirements:

The IVAS codec shall support the following rendered output formats for the corresponding input format:
	Encoder Input Format
	Rendered Output Format

	Multi-channel 7.1
	Multi-channel 7.1, Binaural audio, Stereo, Mono.

	Multi-channel 5.1
	Multi-channel 5.1, Binaural audio, Stereo, Mono.

	Binaural audio
	Binaural Audio

	Stereo 
	Stereo, Mono 

	Mono 
	Mono 


Editor’s note: Specification of rendered output formats for the remaining input formats is needed.
We note that the mono and stereo output format is not defined for ‘Binaural audio’.
[bookmark: _GoBack]
2 Review of mono compatibility requirements for EVS
The following text was specified for EVS stereo capability [2]:

	Number of audio channels
	The EVS candidate codecs shall support mono coding with one channel input and one channel output.
The EVS candidate codecs may support stereo coding with two channels input and two channels output.
If stereo capability is provided the decoder shall offer the possibility to render a mono compatible signal from the received stereo bit stream.
Note: The quality of the mono compatible signal shall be verified.
	6.1.2
	Stereo or multi-channel presentation is one way to realize significantly improved QoE. The codec may provide stereo/ multi-channel coding capability. Multiple monophonic coding, i.e. one monophonic coding per channel, can be realized by appropriate packetization techniques while stereo/multi-channel coding, i.e. joint coding of the channels, is part of the audio coder algorithm. The choice of whether using dedicated stereo/multi-channel coding or multiple monophonic codings depends on a trade-off between achievable quality, available bit rates, available delay, complexity and other implementation factors.
If stereo/multi-channel coding capability is provided, it is necessary to specify how stereo or multi-channel capture/presentations could be achieved in mobile communications.



Moreover, the performance requirement defined for EVS mono compatibility is given in EVS-3[3] as:
· The EVS stereo operation with mono compatible decoding shall be not worse than the stereo to mono downmix of dual-mono at the same bit rate.
The underlying principle was to have an acceptable mono sound when playing over mono equipment, however this requirement was not fully defined because the implementation of the reference ‘stereo to mono downmix’ was missing.
It may be noted that ‘Binaural audio’ was included as part of stereo content in [3], which implies that mono compatibility was required in this case:
· For certain correlated stereo content (e.g. speech in conferencing use case, mixed/music, binaural signals), EVS stereo operation shall be not worse than EVS dual-mono operation at (at least) next higher bit rate or better than EVS dual-mono operation at the same rate. Table 13 describes the details of these requirements. 

3 Proposals for IVAS mono compatibility requirements

Mono compatibility should be a basic requirement irrespective of the IVAS input audio format. This feature is required to address for instance the issue of in-call device switching, e.g. switching from headphone listening to a Bluetooth mono speaker.
The simplest approach to address mono compatibility for IVAS is to reuse requirements from EVS. This can be achieved by updating the latest version of IVAS-4 [1] as follows:
1. Add ‘Mono’ as ‘Rendered Output Format’ also for Binaural Audio (and for other input formats to be later added)
2. Define a general performance requirement in IVAS-3 in the form:

For each encoder input format (other than mono), the IVAS operation with mono compatible decoding shall be not worse than the mono downmix of [TBD, e.g. multi-mono coding] of this input format at the same bit rate.
Editor’s note: the mono dowmix is TBD - inputs are invited on the definition of a reference mono downmix algorithm to be used later in subjective tests.
4 Proposals for IVAS stereo compatibility

The IVAS WID [4] states:
[…]
 In the scope of 3GPP the predominant audio rendering instrument is envisaged to be headphones but configurations with e.g. tablet speaker playback may also be of relevance.
[…]
· 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. 
Based on these high-level guidelines, one may see stereo compatibility as a desirable feature for IVAS. In fact, stereo compatibility is currently required for 5.1 and 7.1 input formats but not for Binaural Audio. Two remarks can be made on this aspect:
· The definitions of the 5.1 to stereo and 7.1 to stereo downmixes are currently missing, therefore the current requirement is subject to interpretation.
· There is technically no reason not to specify stereo compatibility also for Binaural Audio. Based on discussions at SA4#104, it seems that concerns mainly deal with potential performance requirements to be defined for stereo compatible decoding if the input format is binaural audio.

Based on the above discussion, the following proposals are made:
1. Add ‘Stereo as ‘Rendered Output Format’ also for Binaural Audio.
2. Define that quality of stereo compatible decoding will be verified/characterized and if quality is found not acceptable the corresponding stereo compatibility part will not be supported (the only fallback will be mono compatibility).
3. Add a note in IVAS-4 for the stereo output with 5.1 and 7.1 input:

Editor’s note: 5.1/7.1 to stereo downmix is TBD - inputs are invited on the definition of a reference stereo downmix algorithm to be used later in subjective tests
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