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1.	Introduction
Draft IVAS-3 [1] currently covers performance requirements being considered for stereo, Ambisonics, and MASA input formats.
The present input document proposes a complete set of performance requirements for multi-channel input formats 5.1, 7.1, 5.1+4, and 7.1+4. In addition, an alternative way to define references for lowest bit rates of 7.1, 5.1+4, and 7.1+4 multi-channel operation is discussed.
2.	Discussion
IVAS multi-channel performance requirements have been developed based on similar principles as used for other formats so far: where possible, multi-EVS encoding of individual audio channels is considered. The general target for IVAS is to be better than the multi-EVS system, where each channel is operated at the EVS bit rate closest to “IVAS bit rate” / “Number of channels – 1” or not worse than the next higher rate. The LFE channel for such references is to be treated separately and encoded with a fixed EVS rate. Specifically, we propose using 9.6 kbit/s NB operation for all multi-channel references for the LFE channel.
The above approach for defining references generally works well at least for higher IVAS bit rates. However, for lower bit rates this approach quickly runs out of bit rate for individual EVS channels. This happens even for 5.1 (where only 5 EVS channels + 1 LFE EVS channel is needed), and the problem gets much worse with more complex multi-channel inputs. We also note that this approach can lead to use of WB references even at fairly high IVAS bit rates for SWB/FB inputs.
In addition, EVS bit rate granularity is rather coarse when considering multiple individual channels. This can result in using the same reference across some neighboring IVAS bit rates. For example, uneven bit rate allocation across channels could be considered as a remedy. Currently, there is however no commonly agreed way to specify any uneven bit rate allocation across the channels, and it remains unclear how well the EVS bit rate granularity allows for such approach.
To address these issues with the EVS-based references, we consider two potential solutions:
1. Only Objectives are set for the very lowest IVAS bit rates. Requirements are set where multi-EVS system is available according to the above principles, and these same systems define the Performance Objectives for IVAS at all lower rates.

For example, for 24.4 kbps IVAS 5.1 operation, we have the Requirement of NWT EVS @ 5x 7.2 kbps (WB) OR BT EVS @ 5x 5.9 kbps (WB).

These become the Objectives for both 16.4 kbps and 13.2 kbps IVAS 5.1 operation.

This approach is adopted in our proposal for Performance Requirements in Annex of this input document.

2. Using a reference with a lower channel count at lower bit rates, e.g., using 5.1 multi-EVS reference for the lowest rates of 7.1, 5.1+4, and/or 7.1+4 inputs.

We consider that 5.1 can still provide a reasonable spatial experience even compared to a corresponding 7.1+4 input, where, e.g., lack of certain channels in the reproduction is one additional source of spatial degradation due to insufficient bit rate.

This approach is left for discussion and future consideration, and it is not part of our current proposal.

In view of the source, there are currently not particularly convincing or important conversational use cases being considered for multi-channel inputs. However, such use cases should not be precluded either. Therefore, we consider that performance requirements based on mixed and music content categories is appropriate for multi-channel inputs. Mixed content is understood to also cover speech in addition to more generic audio including, e.g., jingles, musical effects, and cinematic content. Separate clean and noisy speech requirements (and therefore testing) do not currently seem justified.
In recent discussions, WB requirements have not been considered very meaningful for IVAS. Here, WB requirements and objectives are part of the proposal for completeness. However, the source is generally of the opinion that SWB and FB requirements and objectives are sufficient for the IVAS codec.
3.	Summary and proposal
We propose to agree on the inclusion of the multi-channel performance requirements as provided in Annex of this input document as part of the IVAS performance requirements.
Furthermore, we invite more discussion and inputs on low bit rate multi-channel references. One potential reference type is 5.1 (e.g., a downmix) for multi-channel inputs using 7.1, 5.1+4, or 7.1+4 input channels. The justification for these references is the lack of other viable multi-mono EVS references. 5.1 still provides a reasonable spatial experience (even compared to 7.1+4), where lack of certain channels, or their potentially slightly incorrect placement in reproduction, is a spatial degradation.
Need for requirements (and objectives) for WB inputs is for discussion.
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Annex: Proposed multi-channel performance requirements

Multi-channel 5.1:

	Category

	BW

	Bitrate (kbit/s)
	FER

	Requirements (*
	Objectives (*

	Mixed and Music 
	WB
	13.2
	All
	
	NWT EVS @ 5x 7.2 kbps (WB) OR
BT EVS @ 5x 5.9 kbps (WB)

	
	
	16.4
	
	
	NWT EVS @ 5x 7.2 kbps (WB) OR
BT EVS @ 5x 5.9 kbps (WB)

	
	
	24.4
	
	NWT EVS @ 5x 7.2 kbps (WB) OR
BT EVS @ 5x 5.9 kbps (WB)
	

	
	
	32
	
	NWT EVS @ 5x 8.0 kbps (WB) OR
BT EVS @ 5x 7.2 kbps (WB)
	

	
	
	48
	
	NWT EVS @ 5x 13.2 kbps (WB) OR
BT EVS @ 5x 9.6 kbps (WB)
	

	
	
	64
	
	NWT EVS @ 5x 16.4 kbps (WB) OR
BT EVS @ 5x 13.2 kbps (WB)
	

	
	
	80
	
	NWT EVS @ 5x 24.4 kbps (WB) OR
BT EVS @ 5x 16.4 kbps (WB)
	

	
	
	96
	
	NWT EVS @ 5x 24.4 kbps (WB) OR
BT EVS @ 5x 16.4 kbps (WB)
	

	
	
	128
	
	NWT EVS @ 5x 32 kbps (WB) OR
BT EVS @ 5x 24.4 kbps (WB)
	

	
	
	160
	
	NWT EVS @ 5x 48 kbps (WB) OR
BT EVS @ 5x 32 kbps (WB)
	

	
	
	192
	
	NWT EVS @ 5x 48 kbps (WB) OR
BT EVS @ 5x 32 kbps (WB)
	

	
	
	256
	
	NWT EVS @ 5x 64 kbps (WB) OR
BT EVS @ 5x 48 kbps (WB)
	

	
	
	384
	
	NWT EVS @ 5x 96 kbps (WB) OR
BT EVS @ 5x 64 kbps (WB)
	

	
	
	512
	
	NWT EVS @ 5x 128 kbps (WB) OR
BT EVS @ 5x 96 kbps (WB)
	

	
	SWB
FB
	13.2
	All
	
	NWT EVS @ 5x 7.2 kbps (WB) OR
BT EVS @ 5x 5.9 kbps (WB)

	
	
	16.4
	
	
	NWT EVS @ 5x 7.2 kbps (WB) OR
BT EVS @ 5x 5.9 kbps (WB)

	
	
	24.4
	
	NWT EVS @ 5x 7.2 kbps (WB) OR
BT EVS @ 5x 5.9 kbps (WB)
	

	
	
	32
	
	NWT EVS @ 5x 8.0 kbps (WB) OR
BT EVS @ 5x 7.2 kbps (WB)

	

	
	
	48
	
	NWT EVS @ 5x 13.2 kbps (SWB) OR
BT EVS @ 5x 9.6 kbps (SWB)
	

	
	
	64
	
	NWT EVS @ 5x 16.4 kbps (SWB) OR
BT EVS @ 5x 13.2 kbps (SWB)
	

	
	
	80
	
	NWT EVS @ 5x 24.4 kbps (SWB/FB) OR
BT EVS @ 5x 16.4 kbps (SWB)
	

	
	
	96
	
	NWT EVS @ 5x 24.4 kbps (SWB/FB) OR
BT EVS @ 5x 16.4 kbps (SWB)
	

	
	
	128
	
	NWT EVS @ 5x 32 kbps (SWB/FB) OR
BT EVS @ 5x 24.4 kbps (SWB/FB)
	

	
	
	160
	
	NWT EVS @ 5x 48 kbps (SWB/FB) OR
BT EVS @ 5x 32 kbps (SWB/FB)
	

	
	
	192
	
	NWT EVS @ 5x 48 kbps (SWB/FB) OR
BT EVS @ 5x 32 kbps (SWB/FB)
	

	
	
	256
	
	NWT EVS @ 5x 64 kbps (SWB/FB) OR
BT EVS @ 5x 48 kbps (SWB/FB)
	

	
	
	384
	
	NWT EVS @ 5x 96 kbps (SWB/FB) OR
BT EVS @ 5x 64 kbps (SWB/FB)
	

	
	
	512
	
	NWT EVS @ 5x 128 kbps (SWB/FB) OR
BT EVS @ 5x 96 kbps (SWB/FB)
	


(* The multi-mono EVS reference shall be produced by individual EVS coding of the 5 channels, and the LFE channel shall be encoded with EVS 9.6 kbit/s NB.

[

Multi-channel 7.1:

	Category

	BW

	Bitrate (kbit/s)
	FER

	Requirements (*
	Objectives (*

	Mixed and Music
	WB
	13.2
	All

	
	NWT EVS @ 7x 7.2 kbps (WB) OR
BT EVS @ 7x 5.9 kbps (WB)

	
	
	16.4
	
	
	NWT EVS @ 7x 7.2 kbps (WB) OR
BT EVS @ 7x 5.9 kbps (WB)

	
	
	24.4
	
	
	NWT EVS @ 7x 7.2 kbps (WB) OR
BT EVS @ 7x 5.9 kbps (WB)

	
	
	32
	
	NWT EVS @ 7x 7.2 kbps (WB) OR
BT EVS @ 7x 5.9 kbps (WB)
	

	
	
	48
	
	NWT EVS @ 7x 8.0 kbps (WB) OR
BT EVS @ 7x 7.2 kbps (WB)
	

	
	
	64
	
	NWT EVS @ 7x 13.2 kbps (WB) OR
BT EVS @ 7x 9.6 kbps (WB)
	

	
	
	80
	
	NWT EVS @ 7x 16.4 kbps (WB) OR
BT EVS @ 7x 13.2 kbps (WB)
	

	
	
	96
	
	NWT EVS @ 7x 16.4 kbps (WB) OR
BT EVS @ 7x 13.2 kbps (WB)
	

	
	
	128
	
	NWT EVS @ 7x 24.4 kbps (WB) OR
BT EVS @ 7x 16.4 kbps (WB)
	

	
	
	160
	
	NWT EVS @ 7x 32 kbps (WB) OR
BT EVS @ 7x 24.4 kbps (WB)
	

	
	
	192
	
	NWT EVS @ 7x 32 kbps (WB) OR
BT EVS @ 7x 24.4 kbps (WB)
	

	
	
	256
	
	NWT EVS @ 7x 48 kbps (WB) OR
BT EVS @ 7x 32 kbps (WB)
	

	
	
	384
	
	NWT EVS @ 7x 64 kbps (WB) OR
BT EVS @ 7x 48 kbps (WB)
	

	
	
	512
	
	NWT EVS @ 7x 96 kbps (WB) OR
BT EVS @ 7x 64 kbps (WB)
	

	
	SWB
FB
	13.2
	All

	
	NWT EVS @ 7x 7.2 kbps (WB) OR
BT EVS @ 7x 5.9 kbps (WB)

	
	
	16.4
	
	
	NWT EVS @ 7x 7.2 kbps (WB) OR
BT EVS @ 7x 5.9 kbps (WB)

	
	
	24.4
	
	
	NWT EVS @ 7x 7.2 kbps (WB) OR
BT EVS @ 7x 5.9 kbps (WB)

	
	
	32
	
	NWT EVS @ 7x 7.2 kbps (WB) OR
BT EVS @ 7x 5.9 kbps (WB)
	

	
	
	48
	
	NWT EVS @ 7x 8.0 kbps (WB) OR
BT EVS @ 7x 7.2 kbps (WB)
	

	
	
	64
	
	NWT EVS @ 7x 13.2 kbps (SWB) OR
BT EVS @ 7x 9.6 kbps (SWB)
	

	
	
	80
	
	NWT EVS @ 7x 16.4 kbps (SWB) OR
BT EVS @ 7x 13.2 kbps (SWB)
	

	
	
	96
	
	NWT EVS @ 7x 16.4 kbps (SWB) OR
BT EVS @ 7x 13.2 kbps (SWB)
	

	
	
	128
	
	NWT EVS @ 7x 24.4 kbps (SWB/FB) OR
BT EVS @ 7x 16.4 kbps (SWB)
	

	
	
	160
	
	NWT EVS @ 7x 32 kbps (SWB/FB) OR
BT EVS @ 7x 24.4 kbps (SWB/FB)
	

	
	
	192
	
	NWT EVS @ 7x 32 kbps (SWB/FB) OR
BT EVS @ 7x 24.4 kbps (SWB/FB)
	

	
	
	256
	
	NWT EVS @ 7x 48 kbps (SWB/FB) OR
BT EVS @ 7x 32 kbps (SWB/FB)
	

	
	
	384
	
	NWT EVS @ 7x 64 kbps (SWB/FB) OR
BT EVS @ 7x 48 kbps (SWB/FB)
	

	
	
	512
	
	NWT EVS @ 7x 96 kbps (SWB/FB) OR
BT EVS @ 7x 64 kbps (SWB/FB)
	


(* The multi-mono EVS reference shall be produced by individual EVS coding of the 7 channels, and the LFE channel shall be encoded with EVS 9.6 kbit/s NB.

Multi-channel 5.1+4:

	Category

	BW

	Bitrate (kbit/s)
	FER

	Requirements (*
	Objectives (*

	Mixed and Music
	WB
	13.2
	All

	
	NWT EVS @ 9x 7.2 kbps (WB) OR
BT EVS @ 9x 5.9 kbps (WB)

	
	
	16.4
	
	
	NWT EVS @ 9x 7.2 kbps (WB) OR
BT EVS @ 9x 5.9 kbps (WB)

	
	
	24.4
	
	
	NWT EVS @ 9x 7.2 kbps (WB) OR
BT EVS @ 9x 5.9 kbps (WB)

	
	
	32
	
	
	NWT EVS @ 9x 7.2 kbps (WB) OR
BT EVS @ 9x 5.9 kbps (WB)

	
	
	48
	
	NWT EVS @ 9x 7.2 kbps (WB) OR
BT EVS @ 9x 5.9 kbps (WB)
	

	
	
	64
	
	NWT EVS @ 9x 8.0 kbps (WB) OR
BT EVS @ 9x 7.2 kbps (WB)
	

	
	
	80
	
	NWT EVS @ 9x 9.6 kbps (WB) OR
BT EVS @ 9x 8.0 kbps (WB)
	

	
	
	96
	
	NWT EVS @ 9x 13.2 kbps (WB) OR
BT EVS @ 9x 9.6 kbps (WB)
	

	
	
	128
	
	NWT EVS @ 9x 16.4 kbps (WB) OR
BT EVS @ 9x 13.2 kbps (WB)
	

	
	
	160
	
	NWT EVS @ 9x 24.4 kbps (WB) OR
BT EVS @ 9x 16.4 kbps (WB)
	

	
	
	192
	
	NWT EVS @ 9x 32 kbps (WB) OR
BT EVS @ 9x 24.4 kbps (WB)
	

	
	
	256
	
	NWT EVS @ 9x 48 kbps (WB) OR
BT EVS @ 9x 32 kbps (WB)
	

	
	
	384
	
	NWT EVS @ 9x 64 kbps (WB) OR
BT EVS @ 9x 48 kbps (WB)
	

	
	
	512
	
	NWT EVS @ 9x 96 kbps (WB) OR
BT EVS @ 9x 64 kbps (WB)
	

	
	SWB
FB
	13.2
	All

	
	NWT EVS @ 9x 7.2 kbps (WB) OR
BT EVS @ 9x 5.9 kbps (WB)

	
	
	16.4
	
	
	NWT EVS @ 9x 7.2 kbps (WB) OR
BT EVS @ 9x 5.9 kbps (WB)

	
	
	24.4
	
	
	NWT EVS @ 9x 7.2 kbps (WB) OR
BT EVS @ 9x 5.9 kbps (WB)

	
	
	32
	
	
	NWT EVS @ 9x 7.2 kbps (WB) OR
BT EVS @ 9x 5.9 kbps (WB)

	
	
	48
	
	NWT EVS @ 9x 7.2 kbps (WB) OR
BT EVS @ 9x 5.9 kbps (WB)
	

	
	
	64
	
	NWT EVS @ 9x 8.0 kbps (WB) OR
BT EVS @ 9x 7.2 kbps (WB)
	

	
	
	80
	
	NWT EVS @ 9x 9.6 kbps (SWB) OR
BT EVS @ 9x 8.0 kbps (WB)
	

	
	
	96
	
	NWT EVS @ 9x 13.2 kbps (SWB) OR
BT EVS @ 9x 9.6 kbps (SWB)
	

	
	
	128
	
	NWT EVS @ 9x 16.4 kbps (SWB) OR
BT EVS @ 9x 13.2 kbps (SWB)
	

	
	
	160
	
	NWT EVS @ 9x 24.4 kbps (SWB/FB) OR
BT EVS @ 9x 16.4 kbps (SWB)
	

	
	
	192
	
	NWT EVS @ 9x 32 kbps (SWB/FB) OR
BT EVS @ 9x 24.4 kbps (SWB/FB)
	

	
	
	256
	
	NWT EVS @ 9x 48 kbps (SWB/FB) OR
BT EVS @ 9x 32 kbps (SWB/FB)
	

	
	
	384
	
	NWT EVS @ 9x 64 kbps (SWB/FB) OR
BT EVS @ 9x 48 kbps (SWB/FB)
	

	
	
	512
	
	NWT EVS @ 9x 96 kbps (SWB/FB) OR
BT EVS @ 9x 64 kbps (SWB/FB)
	


(* The multi-mono EVS reference shall be produced by individual EVS coding of the 5+4 channels, and the LFE channel shall be encoded with EVS 9.6 kbit/s NB.

Multi-channel 7.1+4:

	Category

	BW

	Bitrate (kbit/s)
	FER

	Requirements (*
	Objectives (*

	Mixed and Music
	WB
	13.2
	All
	
	NWT EVS @ 11x 7.2 kbps (WB) OR
BT EVS @ 11x 5.9 kbps (WB)

	
	
	16.4
	
	
	NWT EVS @ 11x 7.2 kbps (WB) OR
BT EVS @ 11x 5.9 kbps (WB)

	
	
	24.4
	
	
	NWT EVS @ 11x 7.2 kbps (WB) OR
BT EVS @ 11x 5.9 kbps (WB)

	
	
	32
	
	
	NWT EVS @ 11x 7.2 kbps (WB) OR
BT EVS @ 11x 5.9 kbps (WB)

	
	
	48
	
	
	NWT EVS @ 11x 7.2 kbps (WB) OR
BT EVS @ 11x 5.9 kbps (WB)

	
	
	64
	
	NWT EVS @ 11x 7.2 kbps (WB) OR
BT EVS @ 11x 5.9 kbps (WB)
	

	
	
	80
	
	NWT EVS @ 11x 8.0 kbps (WB) OR
BT EVS @ 11x 7.2 kbps (WB)
	

	
	
	96
	
	NWT EVS @ 11x 9.6 kbps (WB) OR
BT EVS @ 11x 8.0 kbps (WB)
	

	
	
	128
	
	NWT EVS @ 11x 13.2 kbps (WB) OR
BT EVS @ 11x 9.6 kbps (WB)
	

	
	
	160
	
	NWT EVS @ 11x 16.4 kbps (WB) OR
BT EVS @ 11x 13.2 kbps (WB)
	

	
	
	192
	
	NWT EVS @ 11x 24.4 kbps (WB) OR
BT EVS @ 11x 16.4 kbps (WB)
	

	
	
	256
	
	NWT EVS @ 11x 32 kbps (WB) OR
BT EVS @ 11x 24.4 kbps (WB)
	

	
	
	384
	
	NWT EVS @ 11x 48 kbps (WB) OR
BT EVS @ 11x 32 kbps (WB)
	

	
	
	512
	
	NWT EVS @ 11x 64 kbps (WB) OR
BT EVS @ 11x 48 kbps (WB)
	

	
	SWB
FB
	13.2
	All

	
	NWT EVS @ 11x 7.2 kbps (WB) OR
BT EVS @ 11x 5.9 kbps (WB)

	
	
	16.4
	
	
	NWT EVS @ 11x 7.2 kbps (WB) OR
BT EVS @ 11x 5.9 kbps (WB)

	
	
	24.4
	
	
	NWT EVS @ 11x 7.2 kbps (WB) OR
BT EVS @ 11x 5.9 kbps (WB)

	
	
	32
	
	
	NWT EVS @ 11x 7.2 kbps (WB) OR
BT EVS @ 11x 5.9 kbps (WB)

	
	
	48
	
	
	NWT EVS @ 11x 7.2 kbps (WB) OR
BT EVS @ 11x 5.9 kbps (WB)

	
	
	64
	
	NWT EVS @ 11x 7.2 kbps (WB) OR
BT EVS @ 11x 5.9 kbps (WB)
	

	
	
	80
	
	NWT EVS @ 11x 8.0 kbps (WB) OR
BT EVS @ 11x 7.2 kbps (WB)
	

	
	
	96
	
	NWT EVS @ 11x 9.6 kbps (SWB) OR
BT EVS @ 11x 8.0 kbps (WB)
	

	
	
	128
	
	NWT EVS @ 11x 13.2 kbps (SWB) OR
BT EVS @ 11x 9.6 kbps (SWB)
	

	
	
	160
	
	NWT EVS @ 11x 16.4 kbps (SWB) OR
BT EVS @ 11x 13.2 kbps (SWB)
	

	
	
	192
	
	NWT EVS @ 11x 24.4 kbps (SWB/FB) OR
BT EVS @ 11x 16.4 kbps (SWB)
	

	
	
	256
	
	NWT EVS @ 11x 32 kbps (SWB/FB) OR
BT EVS @ 11x 24.4 kbps (SWB/FB)
	

	
	
	384
	
	NWT EVS @ 11x 48 kbps (SWB/FB) OR
BT EVS @ 11x 32 kbps (SWB/FB)
	

	
	
	512
	
	NWT EVS @ 11x 64 kbps (SWB/FB) OR
BT EVS @ 11x 48 kbps (SWB/FB)
	


(* The multi-mono EVS reference shall be produced by individual EVS coding of the 7+4 channels, and the LFE channel shall be encoded with EVS 9.6 kbit/s NB.

]

