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[bookmark: _Toc95198084]Introduction
At the SA4#120-e meeting, the IVAS-4 document [1] was updated by, among others, addition of provisioning of HRIR / BRIR filter sets and the default sets thereof to the “Control Data For Binaural Audio Rendering” section. Based on the discussion during the meeting an editor’s note was added, inviting inputs of modelling combined direct/early-reflections/late-reverb binauralization.
In response to this invite for input, the sources provided contributions [4][5] to the SA4 Audio SWG post 120-e meeting proposing an addition of reverberation to the rendering control data constraints. This contribution continues this discussion proposing a consolidated document reflecting the outcome of the discussion that took place during the Audio SWG post 120-e meeting.
Reverberation rendering can be essential for producing realistic binaural audio, especially for AR/XR applications. It influences the perception of an auditory scene by providing room acoustics information and essentially increases the sense of sound externalization [3][7]. Providing a standard way to control reverberation is especially relevant in the case of IVAS, since it is necessary to create immersive audio effect with consistent room acoustic synthesis, regardless of decoding/rendering technology applied.
Assuming that the sound source and a listener are in the same room, the sound generated by a source arrives at a listener in three portions, as direct sound, early reflections, and late reverb [2]. Early reflections contain relatively sparse echoes that individually have perceptual relevance. The binaural cues embedded in early reflection patterns have been observed to significantly help listeners to externalize virtual sound sources [6] and improve the plausibility of immersive environments in AR/VR applications [8]. As reflection density builds up, the perceptual relevance of the individual reflections decreases and transitions into the late reverb portion where densely populated echoes create a diffuse response. In the late reverb phase, individual echoes have no particular perceptual relevance but rather the combined effect gives rise to perceptual cues for identifying room size, source distance and the room’s material properties.
Early reflections have a temporally and spatially relevant component [6], and can be efficiently modeled parametrically, based on physical room properties and approximated geometrical representations of the target room, or through impulse responses. Late reverb can be sufficiently, and more efficiently, characterized by statistic means. In acoustics, rooms’ reverberation properties are typically represented by a number of generic parameters such as decay times and relative energy parameters that can be derived from room impulse responses.
With such a compact description, artificial reverberators are typically controlled to realistically simulate the reverberation characteristics in time and frequency domain.
This contribution proposes updating the IVAS-4 document [1] on design constraints to reflect the abovementioned aspects. 
[bookmark: _Hlk118814844]Proposal
The following box is proposed to be added to the table in section IVAS Codec Design Constraints of IVAS-4 document, just below the box containing Control Data For Binaural Audio Rendering.
	[bookmark: _Hlk118792418]Reverb generator
	The IVAS decoder/renderer shall implement the generation of reverb. Reverb shall be generated based on the decoded audio signal and reverb parameters. The reverb parameters shall be described in the IVAS codec deliverables.
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