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1.
Introduction
The current version of the IVAS Design Constraints [1] doesn’t clearly specify the output formats dependent on the input formats. Further on, the proposed pass-through modes were not considered yet. This contribution addresses these issues.
2.
Rendered Output Formats
The IVAS WID [2] states the following on rendering in section 3: “(…) 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 source agrees that headphones will be the predominant device for listening to immersive audio, especially in combination with handheld devices or HMD. This includes binaural rendering of surround or immersive content and stereo output of plain stereo content.

Further on, depending on the device the following rendered output formats are seen to be of great interest for the WI:
· Surround audio (5.1 and 7.1) and Surround + height audio (5.1+4 and 7.1+4)

· Stereo

· Mono
Surround audio (5.1 and 7.1) and Surround + height audio (5.1+4 and 7.1+4) are of particular interest for reproduction over surround speaker installations (e.g. in a conference room) or sound bars (e.g. conference room, living room), which could be connected with the UE. Although there is no agreement on Surround + height audio at the input formats it is worth mentioning that this rendered output format is also of particular use for scene-based audio (Ambisonics) and objects.
Stereo reproduction is of particular interest for e.g. the many tablets/smartphones on the market providing stereo speakers: By this, stereo content could be played out directly by the integrated speakers. For surround and immersive content, a pure stereo rendering clearly reduces the user experience, but it is nevertheless considered important that content can still be consumed on such devices, even with reduced experience. An example for this could be that several friends consume content together in front of a single device. The best user experience is then not of primary interest, but to watch/listen to the content at all.
Same argumentation as for stereo also applies to mono, but for devices which provide a mono playout only.

For channel-based audio, the supported rendered output formats shall include the input format or any smaller configuration.
3.
External Rendering Interface

In addition to IVAS decoder output, there is a strong industry demand for providing an additional interface, which could be used to build own, device specific rendering solutions. It is proposed for this interface to follow common practice (e.g. VRStream) and allow direct access to channels, SBA and objects.
4.
Pass-Through Operation

To preserve maximum audio quality and to facilitate testing, the IVAS codec shall support pass-through of channel-based audio, binaural audio, scene-based audio and object-based audio. Support for pass-through operation for “Spatial audio, [N] channels and spatial metadata defined by [TBD]” should be studied once such a format is clearly specified. It is understood that this mode might not work at all audio bitrates, especially not at very low bitrates. Thus, a minimum bitrate per format for the pass-through operation shall be set in the IVAS performance requirements [3].
5.
Proposed Changes
The following changes are proposed for the IVAS Design Constraints:
*** Start change 1 ***
	Renderer Output Formats
	The IVAS codec shall support the following rendered output formats:

· Mono

· Stereo

· Binaural audio

· Multi-channel 


Editor’s Note: Input on the definition of internal renderer and/or external renderer are invited.
For channel-based audio, the supported rendered output formats shall include the input format or any smaller configuration, i.e. 

· Input mono (1.0) ( Output mono (1.0)

· Input stereo (2.0) ( Output stereo (2.0), mono (1.0)

· Input surround (5.1) ( Output surround (5.1), stereo (2.0), binaural stereo, mono (1.0)

· Input surround (7.1) ( Output surround (7.1), surround (5.1), stereo (2.0), binaural stereo, mono (1.0)

[

· Input surround + height (5.1+4) ( Output surround + height (5.1+4), surround (5.1), stereo (2.0), binaural stereo, mono (1.0)

· Input surround + height (7.1+4) ( Output surround + height (7.1+4), surround + height (5.1+4), surround (7.1), surround (5.1), stereo (2.0), binaural stereo, mono (1.0)

]
For binaural audio input, the supported rendered output formats shall include the following configurations:

· Input Binaural audio ( Output binaural audio by means of a stereo (2.0) signal
For any other input format, the following output formats shall be included:

· Binaural Stereo

· Surround audio (5.1 and 7.1) and Surround + height audio (5.1+4 and 7.1+4)

· Stereo

· Mono

Editor’s note: The exact loudspeaker configurations for the surround audio formats (5.1, 7.1, 5.1+4, 7.1.4) is TBD. 

	Pass-Through Operation
	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).

	External Rendering Interface
	The IVAS codec shall support the following interface formats for optional external rendering solutions:

· 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]
· 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]. 


*** End of changes ***

6.
Conclusion

This contribution discusses rendered output formats and external rendering interfaces. It is proposed to mandate rendering to binaural stereo, surround audio (with and without height speakers), stereo and mono. In addition, a rendering interface is proposed.
The source kindly asks to include the proposed changes into IVAS-4 (Design Constraints).
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