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According to IVAS project plan Pdoc IVAS-2, the finalized IVAS performance requirements are due at meeting SA4#121. Currently, IVAS-3 contains draft requirements for stereo, FOA and MASA input formats while the draft design constraints (IVAS-4) require support for further input audio formats. Specifically, regarding scene-based audio input formats, IVAS-3 currently contains no performance requirements for HOA. Consequently, this contribution aims at progressing Pdoc IVAS-3 by providing a discussion and proposal how reasonable performance requirements could be formulated for HOA. 

1. Discussion
For HOA3 or HOA2 with , resp.  component channels, it is hard to define reasonable EVS multi-mono reference systems of type
IVAS@kbps .bt. *EVS@kbps with  or
IVAS@kbps .nwt. *EVS@kbps with 
The reason is twofold. One aspect is that the EVS codec does not provide sufficiently fine bit rate granularity that EVS would support rates close to  if N is large. Another, more relevant aspect is that large N means that EVS would be operated at very low bit rates where in general signal distortions take over. In addition, not the same but only a reduced audio bandwidth than the IVAS codec candidate may be available. Thus, an EVS multi-mono reference system for HOA2 or HOA3 with coding of all Ambisonics component channels at a given total bit rate is generally inferior to an EVS multi-mono reference system operated at the same total bit rate which encodes only the 4 component channels of the corresponding (truncated) FOA audio signal. The reason is simply that the potential spatial advantage of the HOA system is removed by the induced coding distortions of the EVS instances operated at too low bit rate. 

2. Proposal
Consequently, it is proposed that performance requirements for IVAS operation modes involving HOA audio should be defined as follows
Reference system: direct HOA content rendered through generally accepted common renderer
Performance requirement system: EVS multi-mono system applied to truncated FOA content, rendered through common renderer
CuT system: Codec under test with HOA content input, output rendered through common renderer or internal renderer
A justification of that approach is the following:
· The performance requirement system is a viable system, i.e. it is a system that could be a realistic alternative to the candidate system.
· The choice of the CuT reconstruction of spatial resolution corresponding to HOA remains at the discretion of the proponent. This means, that it is a design choice how the candidate system trades spatial fidelity against signal fidelity.  
· Based on the source’s experimental experience and the reasoning provided above, the EVS multi-mono performance requirement system at given total bit rate is optimal with coding only the 4 (truncated) FOA channels. The alternative to encode more Ambisonics component channels of the HOA input audio results in less available bit rate for the multi-mono EVS instances and thus increased signal distortions. The impact of the increased signal distortions on overall quality is not compensated by improved spatial representation.    
Consequently, the source suggests the following performance requirement for any scene-based audio:
· CuT operated at rate X shall either
· be better than the EVS multi-mono system encoding the truncated FOA component channels, where each EVS instance is operated at the closest bit rate to X/4
· or be no worse than the EVS multi-mono system encoding the truncated FOA component channels, where each EVS instance is operated at the next higher available EVS bit rate than the EVS bitrate closest to X/4. 
This requirement exists already for FOA audio. The proposal is thus to apply it also for HOA with the EVS multi-mono performance requirement system unchanged.  

3. Implementation of the suggested performance requirement
Below is the suggested update of the relevant part of Pdoc IVAS-3 (v.0.2.0, S4-221103):
6.2 Performance requirements for operation with Scene-Based Audio Content

6.2.1	First Order Ambisonics Scene-base audio (first-order and higher-order Ambisonics)(FOA)

High-level definition of FOAscene-based audio  requirements
The general requirement is that IVAS operated at rate X shall either 
· be better than the EVS multi-mono system encoding the truncated FOA component channels, where each EVS instance is operated at the closest bit rate to X/4.
· or be no worse than the EVS multi-mono system encoding the truncated FOA component channels, where each EVS instance is operated at the next higher available EVS bit rate than the EVS bitrate closest to X/4. 

Detailed FOA scene-based audio requirements
The following table illustrates corresponding detailed performance requirements for FOA scene-based audio content (***:
	Category

	BW

	Bitrate (kbit/s)
	FER

	DTX(*
	Requirements(**

	TBD
	WB
	24.4
	All
	On/Off
	NWT EVS @ 4x 7.2 kbps (WB) OR
BT EVS @ 4x 5.9 kbps (WB)

	
	
	32
	
	
	NWT EVS @ 4x 9.6 kbps (WB) OR
BT EVS @ 4x 8 kbps (WB)

	
	
	48
	
	
	NWT EVS @ 4x 16.4 kbps (WB) OR
BT EVS @ 4x 13.2 kbps (WB)

	
	
	64
	
	
	NWT EVS @ 4x 24.4 kbps (WB) OR
BT EVS @ 4x 16.4 kbps (WB)

	
	
	80
	
	
	NWT EVS @ 4x 24.4 kbps (WB) OR
BT EVS @ 4x 16.4 kbps (WB)

	
	
	96
	
	
	NWT EVS @ 4x 32 kbps (WB) OR
BT EVS @ 4x 24.4 kbps (WB)

	
	
	128
	
	
	NWT EVS @ 4x 48 kbps (WB) OR
BT EVS @ 4x 32 kbps (WB)

	
	
	160
	
	
	NWT EVS @ 4x 48 kbps (WB) OR
BT EVS @ 4x 32 kbps (WB)

	
	
	192
	
	
	NWT EVS @ 4x 64 kbps (WB) OR
BT EVS @ 4x 48 kbps (WB)

	
	
	256
	
	
	NWT EVS @ 4x 96 kbps (WB) OR
BT EVS @ 4x 64 kbps (WB)

	
	SWB
FB
	24.4
	All
	On/Off
	NWT EVS @ 4x 7.2 kbps (WB) OR
BT EVS @ 4x 5.9 kbps (WB)

	
	
	32
	
	
	NWT EVS @ 4x 9.6 kbps (SWB) OR
BT EVS @ 4x 8 kbps (WB)

	
	
	48
	
	
	NWT EVS @ 4x 16.4 kbps (SWB/FB) OR
BT EVS @ 4x 13.2 kbps (SWB)

	
	
	64
	
	
	NWT EVS @ 4x 24.4 kbps (SWB/FB) OR
BT EVS @ 4x 16.4 kbps (SWB/FB)

	
	
	80
	
	
	NWT EVS @ 4x 24.4 kbps (SWB/FB) OR
BT EVS @ 4x 16.4 kbps (SWB/FB)

	
	
	96
	
	
	NWT EVS @ 4x 32 kbps (SWB/FB) OR
BT EVS @ 4x 24.4 kbps (SWB/FB)

	
	
	128
	
	
	NWT EVS @ 4x 48 kbps (SWB/FB) OR
BT EVS @ 4x 32 kbps (SWB/FB)

	
	
	160
	
	
	NWT EVS @ 4x 48 kbps (SWB/FB) OR
BT EVS @ 4x 32 kbps (SWB/FB)

	
	
	192
	
	
	NWT EVS @ 4x 64 kbps (SWB/FB) OR
BT EVS @ 4x 48 kbps (SWB/FB)

	
	
	256
	
	
	NWT EVS @ 4x 96 kbps (SWB/FB) OR
BT EVS @ 4x 64 kbps (SWB/FB)


(* DTX will be tested for the rates where DTX must be supported. DTX operation applies also for the multi-mono EVS reference.
(** The multi-mono EVS reference shall be produced by individual EVS coding of the 4 (truncated) FOA B-format component signals in ACN/SN3D format.
(*** Editor’s note: The requirements apply for binaural rendering over headphones [and further rendering TBD] using a suitable reference renderer. Such a renderer has for instance been proposed in [4]. 
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