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1. Introduction
In IVAS-3 [1], performance requirements for “Object-based audio, with support for 1-4 individual mono object streams with associated metadata” are currently missing. This contribution proposes a set of subjective performance requirements for this audio format. 
2. Discussion
Object-based audio, as defined in IVAS-4 [2] can be characterized as follows:
· 1-4 individual mono object streams
· Associated (object) metadata. The minimal set of metadata is defined in IVAS-4 Annex C, and consists of azimuth and elevation
Object-based audio is typically used for cases with little or no correlation between the transmitted audio objects. This could for example be different talkers, audio sources or a mixture of talkers and audio sources. Thus, even when coded with a single encoder instance, no or only little gain can be expected compared to individual encoder instances, e.g. as provided by EVS. It is thus assumed that quality of coding individual mono objects streams is approximately on par with state-of-the-art codec such as EVS at the same bitrate.
In addition to the audio-objects itself, the corresponding metadata needs to be quantized and transmitted by the IVAS codec. For IVAS, the quantized/coded metadata is assumed to be transmitted via the IVAS bitstream. For suitable reference codecs, such as EVS, no transport mechanism for object metadata exists. It is thus proposed to use unquantized metadata for the comparison.
Still, the metadata bitrate might penalize the IVAS bit budget. The source has arrived at the following estimation on resolution/bitrate to enable a quasi-transparent transmission of azimuth/elevation (per 20ms frame):
· Azimuth: 7 bit resolution for the range [-180°,180°[, i.e. 2.8125° resolution
· Elevation: 6 bit resolution for range [-90°, 90°[, i.e. 2.8125° resolution
This would result in the following object metadata bitrate:
· 1 object: 0.65 kbit/s 
· 2 object: 1.30 kbit/s
· 3 object: 1.95 kbit/s
· 4 object: 2.60 kbit/s
Given the comparably low estimated metadata bitrate and a subsequently low impact on overall bit budget, it is proposed to not further consider the metadata bitrate for any bitbudget-considerations in the performance requirements. 
Given above considerations, this would in total result in the following high-level requirements:
· The general requirement is that IVAS operated at rate X shall be no worse than the EVS multi-mono system, where each EVS instance is operated at the closest bit rate to (X/Number of Objects).
· For the EVS multi-mono system, the object metadata is fed without any quantization directly to the renderer.
· The identical set of minimal IVAS object metadata (as defined in IVAS-4, Annex C) is used for both, IVAS and the EVS multi-mono system. 
The following section lists the full proposal.
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4. Proposal
6.5 Performance requirements for operation with Object-based Audio Content
The following object-based audio requirements apply predominantly to conferencing scenarios. In experienced listener tests other critical material may be used, too.

6.5.1 Object-based Audio, 1 Object:
High-level definition of Object-based Audio, 1 Object requirements
The general requirement is that IVAS operated at rate X shall
· be no worse than the EVS multi-mono system, where each EVS instance is operated at the closest bit rate to X.
· For the EVS multi-mono system, the object metadata is fed without any quantization directly to the renderer.
· The identical set of minimal IVAS object metadata (as defined in IVAS-4, Annex C) is used for both, IVAS and the EVS multi-mono system. 

Detailed Object-based Audio, 1 Object requirements
The following table illustrates corresponding detailed performance requirements for Object-based audio content with 1 object:
	BW

	Bitrate (kbit/s)
	FER

	DTX(*
	Requirements(**
	Objectives

	SWB
FB
	13.2
	All
	On/Off
	NWT EVS @ 1x 13.2 kbps (SWB) 
	

	
	16.4
	
	
	NWT EVS @ 1x 16.4 kbps (SWB/FB) 
	

	
	24.4
	
	
	NWT EVS @ 1x 24.4 kbps (SWB/FB) 
	

	
	32
	
	Off
	NWT EVS @ 1x 32 kbps (SWB/FB) 
	

	
	48
	
	
	NWT EVS @ 1x 48 kbps (SWB/FB) 
	

	
	64
	
	
	NWT EVS @ 1x 64 kbps (SWB/FB) 
	

	
	80
	
	
	NWT EVS @ 1x 64 kbps (SWB/FB)
	

	
	96
	
	
	NWT EVS @ 1x 96 kbps (SWB/FB)
	

	
	128
	
	
	NWT EVS @ 1x 128 kbps (SWB/FB) 
	

	
	160
	
	
	
	

	
	192
	
	
	
	

	
	256
	
	
	
	

	
	384
	
	
	
	

	
	512
	
	
	
	


(* DTX will be tested for rates up to 24.4 kbit/s where mandatory DTX operation is available for the multi-mono EVS reference.
(** The EVS reference shall be produced by 1 individual EVS coding of the object signals using unquantized object metadata.
The requirements will be tested with binaural rendering over headphones. The requirements may also be tested with rendering over a room loudspeaker system in experienced listener tests.
Note: No performance requirements are defined for WB content.

6.5.2 Object-based Audio, 2 Objects:
High-level definition of Object-based Audio, 2 Objects requirements
The general requirement is that IVAS operated at rate X shall
· be no worse than the EVS multi-mono system, where each EVS instance is operated at the closest bit rate to X/2.
· For the EVS multi-mono system, the object metadata is fed without any quantization directly to the renderer.
· The identical set of minimal IVAS object metadata (as defined in IVAS-4, Annex C) is used for both, IVAS and the EVS multi-mono system. 

Detailed Object-based Audio, 2 Object requirements
The following table illustrates corresponding detailed performance requirements for Object-based audio content with 1 object:
	BW

	Bitrate (kbit/s)
	FER

	DTX(*
	Requirements(**
	Objectives

	SWB
FB
	13.2
	All
	On/Off
	
	

	
	16.4
	
	
	NWT EVS @ 2x 8.0 kbps (WB)
	

	
	24.4
	
	
	NWT EVS @ 2x 13.2 kbps (SWB)
	

	
	32
	
	
	NWT EVS @ 2x 16.4 kbps (SWB/FB) 
	

	
	48
	
	
	NWT EVS @ 2x 24.4 kbps (SWB/FB) 
	

	
	64
	
	Off
	NWT EVS @ 2x 32 kbps (SWB/FB) 
	

	
	80
	
	
	NWT EVS @ 2x 32 kbps (SWB/FB) 
	

	
	96
	
	
	NWT EVS @ 2x 48 kbps (SWB/FB) 
	

	
	128
	
	
	NWT EVS @ 2x 64 kbps (SWB/FB)
	

	
	160
	
	
	NWT EVS @ 2x 64 kbps (SWB/FB)
	

	
	192
	
	
	NWT EVS @ 2x 96 kbps (SWB/FB) 
	

	
	256
	
	
	NWT EVS @ 2x 128 kbps (SWB/FB) 
	

	
	384
	
	
	
	

	
	512
	
	
	
	


(* DTX will be tested for rates up to 48 kbit/s where mandatory DTX operation is available for the multi-mono EVS reference.
(** The EVS reference shall be produced by 2 individual EVS codings of the object signals using unquantized object metadata.
The requirements will be tested with binaural rendering over headphones. The requirements may also be tested with rendering over a room loudspeaker system in experienced listener tests. 
Note: No performance requirements are defined for WB content.

6.5.3 Object-based Audio, 3 Objects:
High-level definition of Object-based Audio, 3 Objects requirements
The general requirement is that IVAS operated at rate X shall
· be no worse than the EVS multi-mono system, where each EVS instance is operated at the closest bit rate to X/3.
· For the EVS multi-mono system, the object metadata is fed without any quantization directly to the renderer.
· The identical set of minimal IVAS object metadata (as defined in IVAS-4, Annex C) is used for both, IVAS and the EVS multi-mono system. 
Detailed Object-based Audio, 3 Object requirements
The following table illustrates corresponding detailed performance requirements for Object-based audio content with 1 object:
	BW

	Bitrate (kbit/s)
	FER

	DTX(*
	Requirements(**
	Objectives

	SWB
FB
	13.2
	All
	On/Off
	
	

	
	16.4
	
	
	
	

	
	24.4
	
	
	NWT EVS @ 3x 8.0 kbps (WB)
	

	
	32
	
	
	NWT EVS @ 3x 9.6 kbps (SWB)
	

	
	48
	
	
	NWT EVS @ 3x 16.4 kbps (SWB/FB)
	

	
	64
	
	
	NWT EVS @ 3x 24.4 kbps (SWB/FB) 
	

	
	80
	
	
	NWT EVS @ 3x 24.4 kbps (SWB/FB) 
	

	
	96
	
	Off


	NWT EVS @ 3x 32 kbps (SWB/FB) 
	

	
	128
	
	
	NWT EVS @ 3x 48 kbps (SWB/FB) 
	

	
	160
	
	
	NWT EVS @ 3x 48 kbps (SWB/FB) 
	

	
	192
	
	
	NWT EVS @ 3x 64 kbps (SWB/FB)
	

	
	256
	
	
	NWT EVS @ 3x 96 kbps (SWB/FB) 
	

	
	384
	
	
	NWT EVS @ 3x 128 kbps (SWB/FB) 
	

	
	512
	
	
	
	


(* DTX will be tested for rates up to 80 kbit/s where mandatory DTX operation is available for the multi-mono EVS reference.
(** The EVS reference shall be produced by 3 individual EVS codings of the object signals using unquantized object metadata.
The requirements will be tested with binaural rendering over headphones. The requirements may also be tested with rendering over a room loudspeaker system in experienced listener tests. 
Note: No performance requirements are defined for WB content.

6.5.4 Object-based Audio, 4 Objects:
High-level definition of Object-based Audio, 4 Objects requirements
The general requirement is that IVAS operated at rate X shall
· be no worse than the EVS multi-mono system, where each EVS instance is operated at the closest bit rate to X/4.
· For the EVS multi-mono system, the object metadata is fed without any quantization directly to the renderer.
· The identical set of minimal IVAS object metadata (as defined in IVAS-4, Annex C) is used for both, IVAS and the EVS multi-mono system. 
Detailed Object-based Audio, 4 Object requirements
The following table illustrates corresponding detailed performance requirements for Object-based audio content with 1 object:
	BW

	Bitrate (kbit/s)
	FER

	DTX(*
	Requirements(**
	Objectives

	SWB
FB
	13.2
	All
	On/Off
	
	

	
	16.4
	
	
	
	

	
	24.4
	
	
	NWT EVS @ 4x 5.9 kbps (WB) 
	NWT EVS @ 4x 8.0 kbps (WB)

	
	32
	
	
	NWT EVS @ 4x 8.0 kbps (SWB)
	

	
	48
	
	
	NWT EVS @ 4x 13.2 kbps (SWB)
	

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

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

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

	
	128
	
	Off

	NWT EVS @ 4x 32 kbps (SWB/FB) 
	

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

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

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

	
	384
	
	
	NWT EVS @ 4x 96 kbps (SWB/FB)
	

	
	512
	
	
	NWT EVS @ 4x 128 kbps (SWB/FB)
	


(* DTX will be tested for rates up to 96 kbit/s where mandatory DTX operation is available for the multi-mono EVS reference.
(** The EVS reference shall be produced by 4 individual EVS codings of the object signals using unquantized object metadata.
The requirements will be tested with binaural rendering over headphones. The requirements may also be tested with rendering over a room loudspeaker system in experienced listener tests. 
Note: No performance requirements are defined for WB content.
5. Conclusion
This contribution provides a proposed set of performance requirements for Object-based audio. It is proposed to agree on the inclusion of Section 3 into the IVAS Performance Requirements (IVAS-3).
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