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1.	Introduction
Currently, exact performance requirements for multi-channel operation points are in missing in IVAS-3 [1]. The following contribution proposes a complete set of performance requirements for the mandatory multi-channel operation points 5.1, 7.1, 5.1+4, 7.1+4.
The proposal follows in general the approach for other operation points, to compare the IVAS candidate to EVS operated in multi-mono mode. Special considerations were taken into account wrt the LFE channel: The LFE channel only supports a very limited frequency range (typically < 120Hz), which is typically coded with only reduced bitrate. Thus, it is proposed to first not take the bitrate for the LFE channel into consideration for the EVS multi-mono system. Second, it is proposed to use the operation mode EVS 9.6 kbit/s NB for the LFE in the EVS multi-mono system: This is the lowest operation mode where EVS uses TCX, which is considered as a good generic approach to code the typical LFE content.
Following this approach, the proposed performance requirements are based on the following general principle:
IVAS operated at rate X shall either
· be better than the EVS multi-mono system, where each EVS instance is operated at the closest bit rate to X/(number channels w/o LFE). 
· or be no worse than the EVS multi-mono system, where each EVS instance is operated at the next higher available EVS bit rate than the EVS bitrate closest to X/(number channels w/o LFE). 
· For the EVS multi-mono system, the LFE is considered to be encoded with EVS 9.6 kbit/s NB.

Following this general approach, the following issues have been found:
· For the low bitrates, no proper EVS multi-mono performance requirements can be found, due to the lack of sufficiently low EVS bitrates. Experiments have been carried out to compare to versions including a format conversion (e.g. to FOA or stereo). However, this has also not proven to be a good comparison point, due to the changes in timbre and spatial image such a format conversion typically exhibits. It is thus proposed to exclude these low bitrate operation points for the selection test and cover them during characterization phase.
· For certain bitrates, neighboring IVAS bitrates point to the same EVS multi-mono performance requirements. It is proposed to simply ignore this.
In addition, it is proposed to stick to typical multi-channel content for the performance requirements, which is found to be cinematic, mixed or music content. A full proposal can be found in Section 2. 
2.	Proposed Multichannel Performance Requirements
Multi-Channel 5.1

High-level definition of Multi-Channel 5.1 requirements
The general requirement is that IVAS operated at rate X shall either 
· be better than the EVS multi-mono system, where each EVS instance is operated at the closest bit rate to X/5. 
· or be no worse than the EVS multi-mono system, where each EVS instance is operated at the next higher available EVS bit rate than the EVS bitrate closest to X/5. 
· For the EVS multi-mono system, the LFE is considered to be encoded with EVS 9.6 kbit/s NB.

Detailed Multi-Channel 5.1 requirements
The following table illustrates corresponding detailed performance requirements for Multi-Channel 5.1 audio content:
	Category

	BW

	Bitrate (kbit/s) (*
	FER

	Requirements(**

	Cinematic/Mixed/Music 
	WB
	24.4
	All
	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
	24.4
	All
	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)


(* Bitrates equal and lower than 16.4 kbits/s shall be excluded from selection due to lack of reasonable multi-mono EVS reference
(** The multi-mono EVS reference shall be produced by individual EVS coding of the 6 individual channels
2	Multi-Channel 7.1

High-level definition of Multi-Channel 7.1 requirements
The general requirement is that IVAS operated at rate X shall either 
· be better than the EVS multi-mono system, where each EVS instance is operated at the closest bit rate to X/7. 
· or be no worse than the EVS multi-mono system, where each EVS instance is operated at the next higher available EVS bit rate than the EVS bitrate closest to X/7. 
· For the EVS multi-mono system, the LFE is considered to be encoded with EVS 9.6 kbit/s NB.

Detailed Multi-Channel 7.1 requirements
The following table illustrates corresponding detailed performance requirements for Multi-channel 7.1 audio content:
	Category

	BW

	Bitrate (kbit/s)(*
	FER

	Requirements(**

	Cinematic/Mixed/Music
	WB
	32
	All

	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
	32
	All

	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)


(* Bitrates equal and lower than 24.4 kbits/s shall be excluded from selection due to lack of reasonable multi-mono EVS reference
(** The multi-mono EVS reference shall be produced by individual EVS coding of the 6 individual channels

3	Multi-Channel 5.1+4

High-level definition of Multi-Channel 5.1+4 requirements
The general requirement is that IVAS operated at rate X shall either 
· be better than the EVS multi-mono system, where each EVS instance is operated at the closest bit rate to X/9. 
· or be no worse than the EVS multi-mono system, where each EVS instance is operated at the next higher available EVS bit rate than the EVS bitrate closest to X/9. 
· For the EVS multi-mono system, the LFE is considered to be encoded with EVS 9.6 kbit/s NB.

Detailed Multi-Channel 5.1+4 requirements
The following table illustrates corresponding detailed performance requirements for Multi-Channel 5.1+4 audio content:
	Category

	BW

	Bitrate (kbit/s) (*
	FER

	Requirements(**

	Cinematic/Mixed/Music
	WB
	48
	All

	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
	48
	All

	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)



(* Bitrates equal and lower than 32 kbits/s shall be excluded from selection due to lack of reasonable multi-mono EVS reference
(** The multi-mono EVS reference shall be produced by individual EVS coding of the 6 individual channels
4	Multi-Channel 7.1+4

High-level definition of Multi-Channel 7.1+4 requirements
The general requirement is that IVAS operated at rate X shall either 
· be better than the EVS multi-mono system, where each EVS instance is operated at the closest bit rate to X/11. 
· or be no worse than the EVS multi-mono system, where each EVS instance is operated at the next higher available EVS bit rate than the EVS bitrate closest to X/11. 
· For the EVS multi-mono system, the LFE is considered to be encoded with EVS 9.6 kbit/s NB.

Detailed Multi-Channel 7.1+4 requirements
The following table illustrates corresponding detailed performance requirements for Multi-Channel 7.1+4  audio content:
	Category

	BW

	Bitrate (kbit/s)(*
	FER

	Requirements(**

	Cinematic/Mixed/Music
	WB
	64
	All
	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
	64
	All

	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)



(* Bitrates equal and lower than 48 kbits/s shall be excluded from selection due to lack of reasonable multi-mono EVS reference
(** The multi-mono EVS reference shall be produced by individual EVS coding of the 6 individual channels
3.	Conclusion
It is proposed to agree on the inclusion of the proposed multi-channel performance requirements as outlined in Section 2 into the IVAS performance requirements document.
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