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1	Introduction
At SA4#104 and SA4#105, several contributions were received regarding complexity of the prospect IVAS codec [1][2][3][6][7]. In this contribution, the source would like to discuss various viewpoints regarding complexity and requests to agree on the resulting proposal.

2	Discussion
The source, as well as contributions [1], [2], [3] and [6] are in agreement about the fact that complexity is an important aspect for the IVAS codec. Complexity affects the user experience (e.g. via battery life) and perceived value (e.g. via cost price) and therefore determines the chance for success of the envisaged IVAS codec. The source and the referenced contributions agree on the fact that therefore, complexity requirements for the IVAS codec should be set. 
2.1	Relation between codec complexity, input track group and output format
In 3GPP EVS SWG, the use of track groups is being considered for the IVAS codec. In short, a track group comprises the combined spatial content from channel based, object based and scene based audio and conveys this combined content to the IVAS decoder. The group can be manipulated as a whole during the rendering inside the IVAS decoder (e.g. its gain or position can be adapted). For a more extensive discussion on the use and benefits of track groups, reference is made to [8].

Thus, it is the IVAS encoder’s responsibility to handle the input audio items of track groups and encode each group using an encoded representation appropriate for subsequent decoding and rendering. Typically, the encoder complexity depends on which input audio formats are being combined in the track group, as well as their dimensional details: number of channels in input channel based audio, number of objects, order of scene based audio etc.

The IVAS decoder’s responsibility is to decode the track group audio and render it to a given output format, including the possibility for manipulation. The decoder is generally agnostic to which original audio formats were combined into the track group. Its complexity therefore does not directly depend on the original encoder input audio formats. Yet, the decoder complexity does depend on its output audio format e.g. the number of channels, potential binauralization etc.
2.2	Worst-case complexity
The source and the referenced contributions all agree on the fact that a worst-case IVAS codec complexity figure is desired. This common view can therefore readily be translated into a design constraint.

It is notable that the coding of different track groups are independent processes. This suggests that complexity limits should be defined for a ‘worst-case’ track group.  

Given the complexity decomposition over encoder and decoder in section 2.1, the worst case codec complexity for a single track group situation equals:
1. the encoder complexity to encode the most complexity demanding input track group, plus
2. the maximum decoder complexity to decode and render a track group to any one out of all required output formats.

For 1, the most complexity demanding track group may typically comprise the maximum input channel based configuration (e.g. 7.1) plus the maximum supported number of input objects plus an input scene based audio of the highest order. 

For 2, the maximum required decoder complexity may typically be reached for a maximum output channel configuration (e.g. 7.1). 

But in the design constraints, both for the encoder and decoder, the precise conditions under which the maximum complexity is reached can and should be abstracted from.
2.3	Complexity for predominant rendering instrument
The source and the referenced contributions also agree on the fact that complexity requirements on other combinations of input and output formats than the worst case may be relevant. However, the sheer number of combinations of potential encoder input track group configurations and decoder output configurations would lead to a plethora of complexity requirements, making it very difficult to establish upfront all those constraints. At the same time, not all combinations are of equal (commercial) importance. The only, important, guidance is given by the IVAS WID, which states: ‘the predominant audio rendering instrument is envisaged to be headphones’ [5].

In view of the source, the IVAS codec complexity should at least be specified for this predominant rendering instrument, which translates to binaural output format.

Along the same lines as section 2.2, the maximum IVAS codec complexity for the predominant rendering instrument in line with the IVAS WID [5] equals: 
1. the encoder complexity to encode the most complexity demanding input track group, plus
2. the maximum decoder complexity to decode and render a track group to binaural audio output format.

3	Proposal
In line with the discussion and considerations above, the source respectfully proposes to agree on the inclusion of the following in Table 1 of the IVAS-4 Design Constraints [4]:

	…
	…

	Maximum complexity
	The maximum complexity of the IVAS codec (including renderer), equaling:
1. the encoder complexity to encode the most complexity demanding input track group, plus
2. the maximum decoder complexity to decode and render a track group to any one out of all required output formats,
shall not exceed [TBD complexity figure].

	Predominant rendering instrument  complexity
	The predominant rendering instrument complexity of the IVAS codec (including renderer), equaling:
1. the encoder complexity to encode the most complexity demanding input track group, plus
2. [bookmark: _GoBack]the maximum decoder complexity to decode and render a track group to binaural audio output format,
shall not exceed [TBD complexity figure].

	…
	…
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