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1. Introduction
[bookmark: _GoBack]Many important design constraints remain open in IVAS Design Constraints (IVAS-4) [1]. One such open issue is the algorithmic delay of the IVAS codec solution. Some proposals, e.g., [2, 3], have been made to progress the discussion. This includes specifying the IVAS stereo delay as the same as EVS delay [2].
In this input document, we make a further proposal for the IVAS algorithmic delay. 
2. Discussion
EVS-based stereo operation is achieved by operating separate encoder instances for the two stereo channels. While such an approach comes with certain deficiencies (e.g., relative bit rate efficiency), it has also some extremely attractive features. In particular, the low algorithmic delay of 32ms is already possible via the EVS dual mono operation. This also provides a credible and relevant performance target for the IVAS codec stereo operation.
For spatial audio, it may be necessary to allocate additional processing delay over the EVS mono codec, e.g., for rendering. Low algorithmic delay, however, remains an important target for the IVAS codec also beyond stereo operation. In order to provide a high-quality conversational experience, the algorithmic delay of the IVAS codec should not be significantly higher than the EVS delay.
One additional feature of the IVAS codec is interfacing with an external renderer. This capability, too, should be attractive in terms of the algorithmic delay. Otherwise, it is difficult to imagine that significant market differentiation and quality improvements would be possible via bypassing the IVAS renderer. Therefore, any additional delay available for the internal IVAS renderer (on top of EVS delay) should ideally be available also for an external renderer.
For IVAS, we thus have at least the following output options:
· Without IVAS rendering due to direct output (e.g., mono, stereo, binaural audio inputs)
· Without IVAS rendering due to interfacing with external renderer
· With IVAS rendering for binaural or loudspeaker presentation
For the attractiveness of the IVAS solution, a practical approach for the algorithmic delay would be matching the EVS operation wherever feasible. In practice, this would mean an algorithmic delay of 32ms at least for mono, stereo, and binaural audio inputs with the matching outputs. It is to be considered whether non-rendered spatial audio, e.g., when decoded in so-called pass-through operation could also be specified at 32ms. An additional margin of X millisecond would be allocated to allow IVAS rendering.
The EVS design constraints [4] specify a total algorithmic delay of 50ms for the optional stereo part. This optional stereo operation did not materialize during the EVS standardization. There have also been some views in favor of 50ms for at least some IVAS operation, although this delay is not actually used in EVS. For 50ms, the additional margin would be 18ms (50-32=18). It is the view of the source that 50ms is however too high for high-quality low-delay operations over 5G. An extra margin that is significantly smaller than 18ms therefore appears most suitable.
3. Proposal
In view of the source, it is rather critical for the attractiveness of the IVAS solution to not significantly deviate from the EVS delay. At the same time, it is well understood that a solution based on EVS will require extra margin for certain operations. One clear option is to differentiate the delay for IVAS operation with and without the use of the IVAS renderer.
We propose to agree on specifying algorithmic delay for the IVAS as follows:
	Algorithmic Delay
	The algorithmic delay shall be less than equal to the following limits.
	Input
	Output
	Algorithmic delay without IVAS rendering (ms)
	Algorithmic delay with IVAS rendering (ms)

	Mono
	Mono
	32
	32

	Stereo
	Stereo
	32
	32

	Binaural audio
	Binaural audio
	32
	32

	TBD
	
	
	


Note: The algorithmic delay is defined as the frame size buffering delay plus any other delays inherent in the IVAS codec algorithm (e.g., look-ahead, sample-rate conversion, decoder post-processing, and rendering (when included)).
The algorithmic delay constraints exclude processing delay (e.g., runtime of the DSP to process the speech/audio frame at the encoder, decoder and renderer), and channel transmission delays.
TBD
[Editor’s Note: The EVS Algorithmic delay is 32ms]
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