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Introduction
[bookmark: _GoBack]At last SA4#105 meeting several contributions addressed IVAS design constraints on IVAS Codec/Renderer output formats. Dolby [1] suggested to require binaural, stereo and mono output for scene-based and object-based input audio. Rendering for a certain multi-speaker loudspeaker configuration should be recommended. FhG's presented a very similar proposal [2] with the main difference to mandate multi-channel output formats. In the discussion, other positions were voiced that were against mandating or recommending multi-channel output. The discussion was concluded without an agreement. 
This contribution re-addresses the topic and proposes certain mandatory and recommended rendered output formats. An important consideration underlying the proposal is interoperability of IVAS services among endpoints with different capabilities.  
Discussion
The predominant audio rendering instrument for IVAS applications is envisaged to be headphones. Accordingly, irrespective of the encoder input audio format, it is clear that diotic headphone playback must be supported. Diotic headphone playback entails playing back binaural, stereo and mono audio over a headphone pair. Binaural audio playback is needed for immersive experience and its support should thus be mandatory for any multi-channel, scene-based, object-based and binaural audio input. Stereo playback over diotic headphones should be required for stereo content and, likewise, diotic mono for mono content.
Rendering over a mono headphone or speaker is a further relevant rendering scenario. It appears obvious that mono rendering of any input format must be required.
The IVAS WID further identifies tablet speaker playback as relevant. Tablet speaker playback typically entails rendering over a stereo speaker pair or a mono speaker. Playback over a pair of room loudspeakers is a further relevant scenario. The source is hence of the opinion that for any input format (except mono) stereo output format support should be mandated. One exception might be the case of binaural input audio where opinions were expressed that stereo output should not be required. As a compromise it is thus suggested to recommend the support of stereo output format for binaural input audio. Mandatory mono rendering irrespective if the input format is already covered above.
A further playback configuration that may be of relevance is a multi-speaker system. The complication is that there is not a single multi-speaker system configuration but rather a large variety of configurations that may or may not comply to those, e.g., specified in [3]. Moreover, in the general case, it will not be possible to find IVAS input audio content in a format exactly matching the actual multi-speaker configuration of the playback system. Hence, the source is of the opinion that it should not be mandatory to support a specific multi-channel output format given a certain multi-channel encoder input format. To maximize interoperability of any conceivable IVAS service applications with any receiver with multi-speaker playback, it should rather be recommended to flexibly support input audio of any format on virtually any reasonable loudspeaker configuration, at least including 5.1, 7.1, 5.1.4, 7.1.4. It is notable, that this proposal merely entails rendering on flexible loudspeaker configurations without the expectation that the quality of experience is improved over the inherent limitations of the input audio format. E.g., the experience with mono audio remains mono, irrespective of the playback configuration.
Conclusion and proposal
In conclusion, it is proposed to update the IVAS design constraints as follows:
· Binaural audio output format support be mandated for any immersive multi-channel, scene-based, object-based and binaural audio input 
· Stereo output format support be mandated for any input format except mono and binaural.
· Stereo output format support be recommended for binaural input format. 
· Mono output format support be mandated for any input format.
· Arbitrary multi-channel output format including at least 5.1, 7.1, 5.1.4, 7.1.4 be recommended for any input format.
· In addition, for clarity of the design constraints, it is proposed to change the constraint tag from “Rendered Output Formats” to “Output Formats”.
It is proposed to update the corresponding row of the design constrain table as follows:
	Rendered Output Formats
	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.
Recommended: 5.1, 7.1, 5.1.4, 7.1.4 multi-channel configurations.

	Multi-channel 5.1
	Multi-channel 5.1, Binaural audio, Stereo, Mono.
Recommended: 5.1, 7.1, 5.1.4, 7.1.4 multi-channel configurations.

	Binaural audio
	Binaural Audio, Mono 
Recommended: Stereo

	Stereo 
	Stereo, Mono 

	Mono 
	Mono 

	Scene-based audio
	Binaural audio, Stereo, Mono.
Recommended: 5.1, 7.1, 5.1.4, 7.1.4 multi-channel configurations.

	Object-based audio
	Binaural audio, Stereo, Mono.
Recommended: 5.1, 7.1, 5.1.4, 7.1.4 multi-channel configurations.


Editor’s note: Specification of rendered output formats for the remaining input formats is needed.



 
References
[1]	Tdoc S4-190948: “On IVAS Codec/Renderer Output Formats”, Dolby Laboratories, Inc.
[2]	Tdoc S4-190962: “IVAS Output Formats”, Fraunhofer IIS
[3]	Recommendation ITU-R BS.2051-2 (07/2018): “Advanced sound system for programme production”.
		Page: 1/5
		Page: 5/5
