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1	Introduction
[bookmark: _GoBack]At SA4#104, several contributions were received regarding delay and complexity of the prospect IVAS codec. The source would like to briefly compare and discuss the various viewpoints and requests to agree on the conclusions.

2	Discussion
The source, as well as contributions [1], [2] and [3], are in agreement about the fact that both delay and complexity are important aspects for the IVAS codec and that requirements on these for the IVAS codec are desired.

Delay affects the user experience (via ease of communication), in particular in real-time use cases such as conversational use. Complexity affects the user experience (e.g. via battery life) and perceived value (e.g. via cost price). 

The user experience and perceived value will determine the adoption of IVAS and thus also its commercial success of IVAS, affecting all stakeholders in the chain including technology suppliers, UE manufacturers and operators. Therefore, proper boundary conditions need to be set towards delay and complexity of the IVAS codec.

Contribution [1] states that the variation of input formats, output formats and internal versus external renderer put different technological requirements onto the IVAS codec. [1] goes further by concluding that therefore corresponding different levels of delay and complexity constraints should be imposed depending on operation mode and audio configurations, furthermore optionally leaving the impact related to an external renderer in the unclear.

Contribution [2] expresses the view that complexity should be constrained by a worst-case complexity figure across all audio input and output formats. Additionally, a complexity constraint is proposed which takes into account the envisioned device types and capability levels, for example a constraint on a weighted sum of complexities across audio input format categories.

Contribution [3] formulates the viewpoint that delay and complexity should each be constrained only by a single maximum figure.

The source would like to point out that, as clauses 3 and 4 of the IVAS WID [4] state, the IVAS codec solution shall comprise the combined functionalities of “encoding/decoding/rendering”. However, the end user is agnostic of whether and how delay or complexity are induced by the various technological coding building blocks, or by an internal versus an external renderer, and how they might relate to operation modes such as bit rate, audio configuration etc. Instead, an end user will only experience the IVAS enabled UE and service as a whole, and therefore also the delay and complexity of the overall solution, and will find those acceptable or not (e.g. whether the delay is small enough for proper conversational use, as mandated by clause 4 of the WID [4]).

It should also be noted that clause 3 of the WID [4] states as explicit goal to yield “excellent audio quality”. It is obvious that audio quality on the one hand and delay and complexity on the other are in their basis contradictory aspects – the more delay and complexity are constrained, the lower the achievable audio quality generally is. Therefore, setting delay or quality constraints any stricter than the single one threshold of end user acceptability (e.g. differentiated over operation modes) may unnecessarily compromise audio quality.

Hence, the delay and complexity constraints should not be oriented around technological or architectural viewpoints, but be driven from the end user perspective, identifying the IVAS delay upper limit and complexity upper limit at which the IVAS enabled solution will still be acceptable for the end user, irrespective of the solution’s architectural choices or operation mode.

3	Conclusions and proposal
Comparing various viewpoints, the one single viable perspective for delay and complexity is found to be that of the end user, rather than a technological one. For the end user, who is agnostic of the device and service architecture or configuration, only the total complexity and delay of the IVAS solution are perceivable. 

Therefore, the source proposes to agree on the following:
· The IVAS design constraints [5] shall be extended by a single maximum value for end-to-end delay from input audio to output audio, independent of operation modes such as bit rate or audio channel configurations, and comprising all functionality of encoding, decoding and rendering (whether internal or external);

	Algorithmic Delay
	TBD The algorithmic delay shall be measured as the observed worst-case encoder + decoder + renderer delay The algorithmic delay shall be no more than [TBD] ms.
[Editor’s Note: The EVS Algorithmic delay is 32ms]



· The IVAS design constraints [5] shall be extended by a single upper limit for complexity, independent of operation modes such as bit rate or audio channel configurations, and comprising all functionality of encoding, decoding and rendering (whether internal or external).
	Complexity
	TBD The computational complexity shall be measured with ITU-T STL2019 as the observed worst-case encoder + decoder + renderer complexity. The computational complexity shall be no more than [TBD] wMOPS or equivalent. The memory consumption shall be no more than [TBD] for encoder + decoder + renderer.
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