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1. Introduction

At the SA4#99 meeting, the IVAS input and output format coupling was discussed based on the contribution [1], which was later followed up by contribution [2] at SA4#100. There was a suggestion to not fully decouple the input and output formats but to operate in two different modes, a “pass-through” mode where the output format is identical to the input format and a “rendering” mode allowing for rendering to flexible loudspeaker configurations or binaurally. 
In the related discussion there were some concerns expressed regarding dependencies between encoder and decoder operations, e.g. assuming specific formats at the decoder or to put bit rate constraints on the audio format in the design constraints, which would be better handled by performance requirements. In addition, the coupling between a decoder and a renderer was briefly discussed.
The source believes it would be good to have such separation into a pass-through and a rendering operation, but also to enable a flexible and efficient codec design when pass-through operation is not required. For better clarity it is proposed to separate the design constraints on the IVAS encoder, decoder and renderer audio formats.
2. Proposal
To be attractive for the market it is believed that IVAS should not put unnecessary constraints on the rendered output format for a given input format or encoding mode. In a similar manner there should not be unnecessary constraints on the decoder output audio formats which would limit the encoding efficiency.
In several IVAS applications there will be session setup negotiations between the IVAS nodes where capabilities of the receiving node, such as decoding and playback capabilities, can be utilized for an optimized encoding. When the precise audio format is of less relevancy, a more efficient compression of the immersive audio can be achieved if there are no limitations on the decoder output formats. Operation in a pass-through mode could consume unnecessary computational complexity and could have a negative impact on the quality. It is expected that the IVAS performance requirements will imply that the most comprehensive audio formats cannot successfully be carried at operating points of lower bitrates.
Bit rate constraints will of course affect the coding performance for a certain input format and it should be up to codec proponents to design their solution given the performance of the corresponding codec technologies. One example would be to encode monaural audio for a stereo input signal at very low bit rates, which would still allow a service to operate despite bad conditions in the transmission channel enforcing a switch to a lower bit rate. Robustness to various transmission conditions in 4G/5G networks is an important part of the IVAS codec [3]:
· The solution is expected to support high error robustness under various transmission conditions from clean channels to channels with packet loss and delay jitter and to be optimized for 4G/5G.
To support non-pass-through operation it is required that the solution provides an audio renderer that can handle all the decoder output formats. The exact decoder output formats should be design choices which the provided renderer needs to support. This is also in line with the expectations on the IVAS codec stated by the work item description, to provide a decoder for the encoded format together with a renderer [3]:

· The solution is expected to handle encoding/decoding/rendering of speech, music and generic sound. 

· It is expected to support encoding of channel-based audio (e.g. mono, stereo or 5.1) and scene-based audio (e.g., higher-order ambisonics) inputs including spatial information about the sound field and sound sources. The solution is expected to provide support for diegetic and non-diegetic input.

· It is expected to provide a decoder for the encoded format and a renderer with sufficiently low motion to sound latency.
In other use cases, the decoding and rendering capabilities may not be known at the encoder and then encoding/decoding of the audio in the original encoder input format would be the better option, i.e. pass-through coding. Some applications may also require interactive rendering where the rendering of individual audio components is controlled at the receiving node in which the pass-through operation would be relevant. In addition, the use of external rendering resources would be enabled by such pass-through operation where the decoder outputs audio in the format of the corresponding input audio.
Although the provided IVAS audio renderer might be closely integrated with the decoder it is proposed to separate the requirements on the decoder and the renderer functionalities for better clarity.
It is therefore proposed to divide the design constraints on Audio Formats into separate sections for encoder input formats, decoder output formats and renderer output formats. It is further proposed that the output audio format can be specified on encoder and renderer interfaces such that it can be used for an optimized coding and rendering when operated in rendering mode. The source suggests that the current draft design constraints for IVAS [4] are updated as follows.
	Encoder Input Audio Formats


	The encoder shall support the following input formats:

· Channel-based audio, including mono (1.0), stereo (2.0), surround (5.1 and 7.1), [surround + height (5.1+4 and 7.1+4), TBD]
· Binaural audio
· Scene-based audio, first-order (FOA) and up to [N]-order ambisonics. 

Note: ACN component ordering and SN3D normalization.

· [Spatial audio, [N] channels and spatial metadata defined by [TBD].]

[Editor’s Note FFS: Spatial metadata definition for the spatial audio format will require further input.]
· Object-based audio, with support for at least [TBD] individual [mono] object streams. Each audio object shall be defined by [TBD metadata parameters].

[In addition, the IVAS codec shall support combinations of the above, totalling to no more than [TBD] audio streams. 

Note: It will be necessary to specify how capture/presentations could be achieved in mobile communications.]

	Decoder Output Audio Formats
	Pass-through operation where the decoder output format is identical to the encoder input format shall be supported.

	Renderer Output Audio Formats
	The renderer shall support rendering into the following audio formats:

· Channel-based audio, including mono (1.0), stereo (2.0), surround (5.1 and 7.1), [surround + height (5.1+4 and 7.1+4), TBD]
· Binaural audio

Editor’s Note: Support for additional formats is TBD.

	...
	

	Encoder Interface
	The encoder shall provide an interface for specification of the output audio format.

In pass-through operation, the specified output audio format is identical to the encoder input audio format.

In rendering operation, specification of any of the Renderer Audio Output Formats shall be supported.

	Renderer Interface
	The renderer shall provide an interface for specification of the renderer output audio format. All Renderer Output Audio Formats shall be supported.

The IVAS renderer shall provide an interface to provide [HRTF/BRIR] data for binaural rendering. The interface is [tbd].

[Note: There was some support for this interface to follow the SOFA SimpleFreeFieldHRIR convention - See AES69-2015].
The IVAS renderer shall provide an API to provide [TBD scene displacement data].
[The IVAS renderer shall support direct headphone presentation.]

	[Renderer Motion to Sound Algorithmic Delay]
	[The maximum algorithmic delay from a detected change in head roll, azimuth & elevation to a binaural sound rendered within +/- [Y] degree(s) of the detected change shall be [20 ms].]
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