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1
Introduction
In the recent EVS SWG discussions on IVAS, the delay and complexity constraints have been discussed. The source has proposed to reuse definitions and procedures of delay and complexity measurements from the EVS codec standardization, now not only covering the encoder and decoder but also the IVAS renderer (when applicable). In addition, the source has proposed to specify separate delay and complexity constraints for the codec operated with or without external rendering.
In this contribution, the source addresses comments from recent discussions and proposes to agree on the definitions for delay/complexity constraints. In addition, the source proposes algorithmic delay limits for the IVAS codec operating with mono, stereo or binaural audio inputs.
2
Discussion

As described in [1], the design constraints of the IVAS codec fulfil two important goals; they make the codec attractive and useful for future immersive audio services and they make IVAS candidates comparable in the standardization process. The constraints on codec complexity and algorithmic delay are two central aspects of the service delivery and also crucial to the codec design.

In the proposal by the source categories for relevant sets of features are suggested to define the delay and complexity requirements having the attractiveness of IVAS in mind. It is important that the codec is attractive not only for the most complex spatial audio formats but also for simpler formats, such as stereo, with an algorithmic delay and complexity not being significantly larger than competing solutions.

For stereo operation the comparison to a dual mono solution with the EVS codec is relevant. Such a solution maintains the algorithmic delay of the EVS codec, i.e. 32 ms, but comes with increased complexity requirements compared to single mono operation. Consequently, it is reasonable to require the IVAS codec to maintain this algorithmic delay for stereo operation, while the complexity may be balanced with rate-distortion properties of the codec. This allows the IVAS codec being a competitive solution for services requiring stereo operation.
As further described in [1], the IVAS codec may also need to leave some margins for external rendering where an external renderer is being attached to IVAS. This would in general imply different delay and complexity limits when external rendering is required, but when it comes to the stereo operation as described above, the only required rendering concerns stereo to mono downmixing. For such operation, additional algorithmic delay should not be necessary which means that the same requirements may apply with or without rendering for stereo operation. Similar requirements are valid also for mono (which inherits the properties of the EVS codec) and binaural audio inputs as rendering is not required for playback.

In the previous discussion it was noted that all parts of ITU-T STL2009 [2] are currently not part of the recent update in ITU-T STL2019 [3] where new basic operators have been defined together with new complexity weights reflecting modern platforms. Although the description of tools for floating-point complexity evaluation and PROM estimation is not maintained in STL2019, it should be possible to reuse the concepts and procedures defined in STL2009, which were also used in the EVS standardization.

3
Proposal

Based on the discussion, it is proposed to agree on:

1. Clarifying notes on the basis for delay and complexity measures. A proposal of the source is included as notes in the following proposal on updates to IVAS-4, with amendments reflecting comments received at the EVS SWG conference call #64.
2. The proposed structure for delay and complexity requirements allowing for separate requirements with or without IVAS rendering for specified categories of features.
3. A maximum algorithmic delay of 32 ms for mono, stereo and binaural audio inputs, irrespectively of output format.

4. Using the operators and complexity weights of ITU-T STL2019 [3] as basis for complexity measures following the procedures of the EVS codec standardization, described in ITU-T STL2009 [2].

As for the EVS codec standardization, the requirements on the ROM are potentially category dependent while the limits on the PROM should be independent of category.
The source subsequently proposes to agree on the following updates to IVAS-4 [4]:
	Algorithmic Delay
	The algorithmic delay shall not exceed the following limits within each category of features.
Category

IVAS delay limit (including IVAS rendering)
IVAS delay limit (configured for external rendering)
Encoding of mono, stereo, or binaural audio

Decoding/rendering of corresponding mandatory output formats
32 ms
32 ms
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 (if utilized).
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.

[Editor’s Note: The EVS Algorithmic delay is 32ms]

	Complexity
	The IVAS codec complexity shall not exceed the following limits within each category of features. 

Category

Complexity type
IVAS complexity limit (including IVAS rendering)
IVAS complexity limit (configured for external rendering)
Encoding of mono, stereo, or binaural audio

Decoding/rendering of corresponding mandatory output formats
Computational

TBD
TBD
RAM

TBD
TBD
ROM

TBD
TBD
TBD
Computational

RAM

ROM
The IVAS codec PROM shall not exceed [TDB] operators.
Note: The computational complexity and shall be measured with [ITU-T STL2019] operators and weights in accordance with [ITU-T STL2009] procedures as the observed worst-case encoder + observed worst-case decoder complexity within the same category. When the IVAS renderer is utilized, the complexity limit including IVAS rendering applies.

The program ROM (PROM) shall be measured according to the procedures described in [ITU-T STL2009].
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