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1	Introduction
IVAS input and output audio formats have earlier been debated in length without a significant progress in terms of agreement. While there has been consensus on certain rendered output formats, the non-rendered formats, or so-called pass-through operation, caused lengthy discussions.
In the most recent discussions alternative concepts, e.g., by definition of track groups and IVAS primitives, were proposed to obtain such functionality [1][2], which however comes with drawbacks where the encoding of audio signals and relevant metadata cannot be jointly optimized.
Now quite some time has passed since the previous discussions, and it seems necessary to restart the discussion on supported audio formats for IVAS.
2	Discussion
In [1] it was proposed that pass-through coding for object-based audio would need to be implemented as several track groups with one object in each. While such type of implementations could be feasible, e.g., for object-based or channel-based audio, it limits the potential coding gains of joint encoding. One basic example is stereo coding where redundancy between the channels may be utilized, improving the audio quality compared to dual mono encoding with one mono codec instance for each channel. For the design constraints, what matters the most is the provided functionality and pass-through operation may simply be required without putting specific requirements on its implementation.
The source has been discussing the pass-through operation in numerous contributions, e.g. [3]. It is still believed important that such operation is supported by IVAS, being a general-purpose audio codec for immersive services and applications [4]. In situations where the input audio format is consciously selected for a specific service, IVAS should be able to preserve the audio format. However, this would not always be the case, and for an unconstrained efficiency whether pass-through mode is enabled or not may be signalled at the encoder side. In addition to the pass-through formats, the rendered output formats make IVAS support rendering to various playback formats (headphones, loudspeakers). 
In the current version of IVAS-4 [5], pass-through mode is already required for Multi-channel (5.1,7.1), Binaural Audio, Stereo and Mono as rendered output format. It is proposed that pass-through operation is required for all the currently agreed input formats. How combinations of different input formats would be handled is however still not decided, which mean that potential requirements on a mixture of non-pass-through and pass-through encoding would need more discussion.
Further, when it comes to the rendered output formats, there is currently no agreed output format for scene-based and object-based audio. While a more precise definition of arbitrary loudspeaker configurations is needed, it is proposed that the tentative formats are agreed as required output formats for multi-channel, scene-based and object-based audio inputs.
3	Proposal
It is proposed that IVAS-4 [5] is updated as presented below. With separate requirements on rendered output formats and pass-through operation, Table 2 of IVAS-4 seem not necessary anymore. It should be noted that the listed requirements constitute a minimum set of capabilities which may be extended.
	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.
[Multi-channel on arbitrary loudspeaker configurations of up to [K] speakers.]

	Multi-channel 5.1
	Multi-channel 5.1, Binaural Audio, Stereo, Mono.
[Multi-channel on arbitrary loudspeaker configurations of up to [K] speakers.]

	Binaural Audio
	Binaural Audio, [Stereo, Mono] 
[Binaural Audio output assumes listening over headphones while Stereo output assumes listening over two channel Stereo loudspeaker configuration.
Editor’s note: Mono and Stereo output will not be tested in the qualification and selection phases]

	Stereo 
	Stereo, Mono 

	Mono 
	Mono 

	Scene-based audio
	[Binaural audio, Stereo, Mono
Multi-channel on arbitrary loudspeaker configurations of up to [K] speakers.
Editor’s note: at least one multi-channel configuration will be tested in the TBD phase]

	Object-based audio
	[Binaural audio, Stereo, Mono
Multi-channel on arbitrary loudspeaker configurations of up to [K] speakers.
Editor’s note: at least one multi-channel configuration will be tested in the TBD phase]

	
	

	
	


Editor’s note: Specification of rendered output formats for the remaining input formats is needed.
Editor’s note: the term “arbitrary loudspeaker configuration” needs to be defined.. One proposed definition is: rendered up to [K] loudspeaker positions on a 3D sphere. More input is invited.

	[Non-Rendered Output Formats]
[Pass-Through Operation]
	[Ericsson proposal: The IVAS codec shall support pass-through operation, where the output format is identical to the encoder input format, for the following format categories (as specified in Encoder Input Formats):
· Channel-based audio
· Binaural audio
· Scene-based audio 
· [Spatial audio]
· Object-based audio
in accordance with Table 2 when required according to IVAS-3, and if not limited by a preferred audio format specified at the encoder.
Editor’s Note: The exact codec configurations (bitrates etc.) for which pass-through operation is required is TDB, e.g., to bewill be specified in IVAS-3 (Performance Requirements).
Editor’s Note: The requirement of pass-through operation for combinations of input formats is for further discussion.
In non-pass-through operation, the IVAS codec shall deliver at least one of the optional output formats marked with ‘o’ in Table 2.]

[Fraunhofer proposal: The IVAS codec shall support pass-through operation for the following audio formats:
· Channel-based audio, including mono (1.0), stereo (2.0; including binauralized input), surround (5.1 and 7.1), [surround + height (5.1+4 and 7.1+4), TBD]
· Scene-based audio, first-order (FOA) and up to [N]-order ambisonics. 
· Object-based audio, with support for at least [TBD] individual [mono] object streams. Each audio object shall be defined by [TBD metadata parameters].
For pass-through operation, the decoder output format is identical to the encoder input format.
The exact bitrates for which pass-through operation is to be supported is specified in IVAS Performance Requirements (IVAS-3).]



[…]
[Ericsson proposal: Table 2: Output formats, required (marked with ‘x’) or conditionally optional (at least one of the formats marked with ‘o’ are required)]
[
	
	Non-rendered formats

	Output
format

Input
format  
	Channel-based
	Binaural
	Scene-based
	[Spatial]
	Object-based

	Channel-based
	x (pass-through)
o (non-pass-through)
	
	o
	
	

	Binaural
	o
	x (pass-through)
o (non-pass-through)
	
	
	

	Scene-based
	o
	
	x (pass-through)
o (non-pass-through)
	
	

	[Spatial]
	[o]
	
	[o]
	[x (pass-through)
o (non-pass-through)]
	

	Object-based
	o
	
	o
	
	x (pass-through)
o (non-pass-through)

	Combinations of input formats
	Output formats of corresponding input formats


]
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