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Introduction
According to the IVAS project plan, Pdoc IVAS-3 (Performance Requirements) [1] is due to be finalized during the SA4#122 meeting. To progress the work, the editor provided at one of the previous Audio SWG telcos a discussion input on DTX related subjective and objective performance requirements [2]. This contribution has triggered further discussions leading to contribution [3] for the SA4#122 meeting. 
The present contribution aims at combining the suggested objective DTX performance requirements from [2] and [3] as they appear largely compatible and to generalize them for all IVAS operation modes with DTX.
The IVAS-3 editor also welcomes inputs [4] on performance requirements for Object-based Audio format, [5] on (subjective) performance requirements for JBM and [6] on (modified) requirements for stereo audio. After discussion and corresponding decision by the group, it should be a straightforward task to integrate the changes into IVAS-3. An aspect still missing is objective requirements for JBM performance. To move towards IVAS-3 completion, this contribution adds a corresponding proposal. 
Another aspect is an ambiguity on the bit rates for which subjective performance requirements with DTX enabled are defined. The present document aims to fix this issue.
Objective DTX performance
The motivation to specify objective DTX performance requirements is to make sure that the corresponding subjective requirements cannot be easily passed by simply tuning the VAD such that DTX in practice is rarely activated. This is the background why EVS performance requirements had subjective and associated objective requirements for operation with DTX on. EVS performance requirements also defined an objective CADR (Correct Active Detection Ratio) criterion to assess if VAD DTX operation did not unduly impact codec operation for signals like music when DTX/CNG should not kick in.
For IVAS, it can be argued that similar principles should apply which could mean that corresponding requirements would have to be defined. On the other hand, given that IVAS will be an immersive extension of the EVS codec with focus on high quality immersive experiences, the DTX feature may generally be of lesser importance. Accordingly, it could be justified to define objectives rather than strict requirements. From editor’s point of view, this is a question to be decided by the group. To prepare for a decision either way, below is a proposal for objective DTX performance criteria to be defined as requirements or as objectives.
The suggested objective performance requirement/objective should apply for all IVAS operation modes / input audio formats for which subjective performance requirements with DTX on are defined. The suggested general requirement/objective is: 
· the AFR performance on the speech and noisy speech database of the IVAS system at a given bitrate shall/should be not worse compared to the respective multi-mono EVS reference system of the applicable subjective performance requirements. The requirement/objective shall/should be met within a relative tolerance of [10%].
· the CADR performance on general audio content database of the IVAS system at a given bitrate shall/should be not worse compared to the respective multi-mono EVS reference system of the applicable subjective performance requirements. The requirement/objective shall/should be met within a relative tolerance of [10%].
Notably, the suggested tolerance deviates from the proposal in [3]. It is proposed to decide on the tolerance after discussions at SA4#122.
It should further be noted that while the AFR criterion is most important especially for efficient immersive communication scenarios, the CADR criterion evaluated on a generic audio database still ensures robustness of the VAD/DTX system with regards to less typical input signals. 

Besides this general requirement/objective, it is necessary to define AFR and CADR for IVAS and the multi-mono reference systems. The key aspect of the definition and difference to AFR / CADR definition for EVS [7] is that the reference system is a multi-mono EVS system. To that end, super-frames are assumed that comprise the EVS frames of the individual EVS instances. Accordingly, the following definitions are suggested:
AFR for IVAS Codec and reference multi-mono EVS are defined as follows:
AFRIVAS (in percentage) = 100 x (# frames that are neither SID nor NO DATA) / (# frames in DTX-off operation)
AFRNxEVS (in percentage) = 100 x (# super-frames that are neither SID nor NO DATA) / (# super-frames in DTX-off operation)
For AFRNxEVS the following definition applies:
A super-frame for a multi-mono EVS system with N EVS instances at frame index k is the union of EVS frames of the N instances for frame index k. A super-frame in an AFRNxEVS measurement is classified as SID or NO DATA if all frames of the super-frame are, respectively, SID or NO DATA. N is set to number of EVS instances of the multi-mono EVS reference system used in a corresponding subjective performance requirement.   
The key aspect of this definition is that a multi-mono EVS super-frame is assumed active if any of its constituent frames is active.


CADR for IVAS Codec and reference multi-mono EVS are defined as follows:
CADRIVAS (in percentage) = 100 x (# frames that are neither SID nor NO DATA)/ (# frames in DTX-off operation)   
CADRNxEVS (in percentage) = 100 x (# super-frames that are neither SID nor NO DATA) / (# super-frames in DTX-off operation)
For CADRNxEVS the following definition applies:
A super-frame for a multi-mono EVS system with N EVS instances at frame index k is the union of EVS frames of the N instances for frame index k. A super-frame in an CADRNxEVS measurement is classified as SID or NO DATA if any frame of the super-frame is, respectively, SID or NO DATA. N is set to number of EVS instances of the multi-mono EVS reference system used in a corresponding subjective performance requirement.
The key aspect of this definition is that a multi-mono EVS super-frame is assumed inactive if any of its constituent frames is inactive.

The suggested exact implementation of the objective DTX requirement/objective is found in the draft IVAS-3 edits below.

Objective JBM performance requirements
Unlike during EVS standardization, for IVAS, a reference JBM system is given with the EVS JBM. It appears justified to expect and require similar performance for delay, time scaling and jitter-induced concealment operations. The suggested requirement is thus:
JBM behaviour in terms of delay, time scaling and jitter-induced concealment operations shall not be substantially worse than for a corresponding EVS reference system.
It is further assumed that this requirement is less critical why it is proposed to verify it after the selection.

Bit rate with subjective DTX performance requirements
For stereo and MASA input audio formats, the bit rates are currently not well defined for which subjective performance requirements exist for operation with DTX. The editor is of the opinion that reasonable requirements with DTX can only be defined for the cases where mandatory DTX operation is available for the multi-mono EVS reference. Given the current performance requirements, this means that requirements for operation are possible only for stereo operation (for IVAS) up to 32 kbps, for stereo-MASA up to 80 kbps and for mono-MASA up to 32 kbps. The editor anticipates similar principles to be applied when defining performance requirements for Object Based Audio.
Corresponding changes are implemented in the draft IVAS-3 document below.
Conclusion and proposal
The contribution combines inputs on objective DTX performance requirements [1] and [2] and generalizes them to corresponding requirements for all IVAS operation modes with EVS. Moreover, objective JBM performance requirements are proposed that should be a complement to the subjective requirements suggested in [4]. Furthermore, a proposal is made to resolve an ambiguity on subjective requirements with DTX enabled. 
The suggested requirements have been integrated in a draft update to the latest Pdoc IVAS-3 [1]. It is proposed to review these updates and if found agreeable to integrate them into a new IVAS-3 version.  
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1. Scope
This document presents the Performance Requirements of the EVS Codec Extension for Immersive Voice and Audio Services (IVAS). Additional information on the codec development project can be found in the other IVAS permanent documents, for which the latest versions can be found at: https://www.3gpp.org/ftp/tsg_sa/WG4_CODEC/IVAS_Permanent_Documents.  

2. Introduction
The overall objective of the IVAS_Codec work item is to develop a single general-purpose audio codec for immersive 4G and 5G services and applications. Further details on the objectives can be found in the work item description (SP-220608).
It is to be noted that it may not be possible to test all requirements of this Pdoc during IVAS selection. The choice of requirements to be tested is made in the IVAS selection test plan IVAS-8a. 

3. Nomenclature
In this document, the following conventions apply:
· Notation “Req1 OR Req2” (e.g. NWT 4xEVS @24.4 OR BT 4xEVS @16.4) means that either requirement “Req1” or requirement “Req2” shall be met.
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4.1 Stereo operation

IVAS stereo operation shall provide a benefit over the case when it is not included, i.e. mono operation.
High-level definition of stereo requirements
· For certain correlated stereo content (e.g. speech in conferencing use case, mixed/music, binaural signals), IVAS stereo operation shall be not worse than EVS dual-mono operation at (at least) next higher bit rate or better than EVS dual-mono operation at the same rate. Table 1 describes the details of these requirements. 
· No other content shall be degraded with respect to dual mono operation
· The IVAS stereo operation with mono compatible decoding shall be not worse than the stereo to mono downmix of dual-mono at the same bit rate.

Table 1: Stereo requirements.
Dual mono is abbreviated with a “2x”. It is assumed that the IVAS codec and the EVS reference codec are running in the bandwidth mode as outlined in the BW column, if not otherwise specified.
Note: for all bit rates / audio bandwidth with no requirement, the following applies: If provided it should be characterized; characterization results shall be used for the decision of inclusion

	BW

	Bitrate (kbit/s)
	FER

	DTX(*
	Stereo Requirements
	Mono compatible requirements

	WB
	
13.2
	All
	On/Off
	NWT EVS @ 2x 8 kbps OR
BT EVS-WB @ 2x 7.2 kbps
	

	
	16.4
	
	
	NWT EVS @ 2x 9.6 kbps OR
BT EVS @ 2x 8 kbps
	NWT stereo downmix of EVS @ 2x 8 kbps

	
	24.4
	
	
	NWT EVS @ 2x 16.4 kbps OR
BT EVS @ 2x 13.2 kbps
	NWT stereo downmix of EVS @ 2x 13.2 kbps

	
	32
	
	
	NWT EVS @ 2x 24.4 kbps OR
BT EVS @ 2x 16.4 kbps
	NWT stereo downmix of EVS @ 2x 16.4 kbps

	
	48
	
	Off
	NWT EVS @ 2x 32 kbps OR
BT EVS @ 2x 24.4 kbps
	NWT stereo downmix of EVS @ 2x 24.4 kbps

	
	64
	
	
	NWT EVS @ 2x 48 kbps OR
BT EVS @ 2x 32 kbps
	NWT stereo downmix of EVS @ 2x 32 kbps

	
	96
	
	
	NWT EVS @ 2x 64 kbps OR
BT EVS @ 2x 48 kbps
	NWT stereo downmix of EVS @ 2x 48 kbps

	SWB
FB
	13.2
	All
	On/Off
	NWT EVS-WB @ 2x 8 kbps OR
BT EVS-WB @ 2x 7.2 kbps
	

	
	16.4
	
	
	NWT EVS @ 2x 9.6 kbps OR
BT EVS-WB @ 2x 8 kbps
	NWT stereo downmix of EVS @ 2x 8 kbps

	
	24.4
	
	
	NWT EVS @ 2x 16.4 kbps OR
BT EVS @ 2x 13.2 kbps
	NWT stereo downmix of EVS @ 2x 13.2 kbps

	
	32
	
	
	NWT EVS @ 2x 24.4 kbps OR
BT EVS @ 2x 16.4 kbps
	NWT stereo downmix of EVS @ 2x 16.4 kbps

	
	48
	
	Off
	NWT EVS @ 2x 32 kbps OR
BT EVS @ 2x 24.4 kbps
	NWT stereo downmix of EVS @ 2x 24.4 kbps

	
	64
	
	
	NWT EVS @ 2x 48 kbps OR
BT EVS @ 2x 32 kbps
	NWT stereo downmix of EVS @ 2x 32 kbps

	
	96
	
	
	NWT EVS @ 2x 64 kbps OR
BT EVS @ 2x 48 kbps
	NWT stereo downmix of EVS @ 2x 48 kbps

	
	128
	
	
	NWT EVS @ 2x 96 kbps OR
BT EVS @ 2x 64 kbps
	NWT stereo downmix of EVS @ 2x 64 kbps



(* DTX will be tested for stereo if providedat rates up to 32 kbps where mandatory DTX operation is available for the multi-mono EVS reference. Other rates with DTX support may be evaluated in IVAS codec characterization. DTX operation applies also for the (multi-mono) EVS references.


4.2 Performance requirements for operation with Scene-Based Audio Content (first-order and higher-order Ambisonics)
The following scene-based audio requirements apply predominantly to speech, ambient sound, and music content. Both natural and synthetic contents is relevant.  

High-level definition of scene-based audio requirements
The general requirement is that IVAS operated at rate X shall either 
· [bookmark: _Hlk115952067]be better than the EVS multi-mono system encoding the FOA component channels (while truncating the higher-order 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 FOA component channels (while truncating the higher-order channels), where each EVS instance is operated at the next higher available EVS bit rate than the EVS bitrate closest to X/4. 

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

	Bitrate (kbit/s)
	FER

	DTX(*
	Requirements(**
	Objectives

	SWB
FB
	13.2
	All
	On/Off
	
	NWT EVS @ 3x 7.2 kbps (WB) (planar FOA)

	
	16.4
	
	
	NWT EVS @ 3x 7.2 kbps (WB) (planar FOA)
	NWT EVS @ 4x 7.2 kbps (WB)

	
	24.4
	
	
	NWT EVS @ 4x 7.2 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
	
	Off
	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)
	

	
	384
	
	
	NWT EVS @ 4x 128 kbps (SWB/FB) OR
BT EVS @ 4x 96 kbps (SWB/FB)
	

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


(* DTX will be tested for rates up to 80 kbit/s where mandatory DTX operation is available for the multi-mono EVS reference. Other rates with DTX support may be evaluated in IVAS codec characterization. DTX operation applies also for the (multi-mono) EVS references.

(** The multi-mono EVS reference shall be produced by individual EVS coding of the 4 FOA B-format component signals in ACN/SN3D format (while truncating the higher-order component signals).
Further notes: 
Note: No performance requirements are defined for WB content.
The FOA requirement will be tested with predominant voice content in naïve listener tests. The HOA3 requirement will be tested with general audio content in experienced listener tests. The HOA2 requirement will not be tested during selection.
The requirements will be tested with binaural rendering over headphones using a suitable reference renderer that will be specified in the selection processing plan IVAS-7a. The requirements may also be tested with rendering over a room loudspeaker system in experienced listener tests with general audio content. 
Editor’s note: The SWB requirement will be tested with predominant voice content in naïve listener tests. The FB requirement will be tested with general audio content in experienced listener tests.  


4.3 Performance requirements for operation with MASA Content

The following MASA audio requirements apply predominantly to speech, ambient sound, and music content.  
4.3.1	For Stereo-MASA:

	BW
	Bitrate (kbit/s)
	FER
	DTX(*
	Requirements(**

	SWB
FB
	13.2
	All
	On/Off
	NWT EVS @ 2x 7.2 kbps (WB) + UQ metadataOR
NWT EVS @ 3x 7.2 kbps (WB) (planar FOA)


	
	16.4
	
	
	NWT EVS @ 2x 7.2 kbps (WB) + UQ metadata OR
NWT EVS @ 4x 7.2 kbps (WB) 

	
	24.4
	
	
	NWT EVS @ 2x 8 kbps (WB) + UQ metadata OR
NWT EVS @ 4x 8.0 kbps (WB)

	
	32
	
	
	NWT EVS @ 2x 9.6 kbps (SWB) + UQ metadata OR
NWT EVS @ 4x 9.6 kbps (SWB)

	
	48
	
	
	NWT EVS @ 2x 16.4 kbps (SWB/FB) + UQ metadata OR
NWT EVS @ 4x 16.4 kbps (SWB/FB)

	
	64
	
	
	NWT EVS @ 2x 24.4 kbps (SWB/FB) + UQ metadata OR
NWT EVS @ 4x 24.4 kbps (SWB/FB)

	
	80
	
	
	NWT EVS @ 2x 24.4 kbps (SWB/FB) + UQ metadata OR
NWT EVS @ 4x 24.4 kbps (SWB/FB)

	
	96
	
	Off
	NWT EVS @ 2x 32 kbps (SWB/FB) + UQ metadata OR
NWT EVS @ 4x 32 kbps (SWB/FB)

	
	128
	
	
	NWT EVS @ 2x 48 kbps (WB/SWB/FB) + UQ metadata OR
NWT EVS @ 4x 48 kbps (SWB/FB)

	
	160
	
	
	NWT EVS @ 2x 48 kbps (WB/SWB/FB) + UQ metadata OR
NWT EVS @ 4x 48 kbps (SWB/FB)

	
	192
	
	
	NWT EVS @ 2x 64 kbps (WB/SWB/FB) + UQ metadata OR
NWT EVS @ 4x 64 kbps (SWB/FB)

	
	256
	
	
	NWT EVS @ 2x 96 kbps (WB/SWB/FB) + UQ metadata OR
NWT EVS @ 4x 96 kbps (SWB/FB)


(* DTX will be tested for rates up to 80 kbit/s where mandatory DTX operation is available for the multi-mono EVS reference. Other rates with DTX support may be evaluated in IVAS codec characterization. DTX operation applies also for the (multi-mono) EVS references. (* DTX will be tested for the rates where DTX must be supported. DTX operation applies also for the (multi-mono) EVS references.
(** The multi-mono 2x EVS + UQ metadata reference shall be produced by individual EVS coding of the stereo MASA format transport channels and passthrough of the original MASA metadata. The multi-mono 3x EVS reference shall be produced by individual EVS coding of the 3 “planar FOA” component signals in ACN/SN3D format. The multi-mono 4x EVS reference shall be produced by individual EVS coding of the 4 FOA component signals in ACN/SN3D format.

6.3.2	For Mono-MASA:

	BW
	Bitrate (kbit/s)
	FER
	DTX(*
	Requirements(**

	SWB
FB
	13.2
	All
	On/Off
	NWT EVS @ 8 kbps (WB) + UQ metadataOR
NWT EVS @ 3x 7.2 kbps (WB) (planar FOA)


	
	16.4
	
	
	NWT EVS @ 9.6 kbps (SWB) + UQ metadata OR
NWT EVS @ 4x 7.2 kbps (WB)

	
	24.4
	
	
	NWT EVS @ 13.2 kbps (SWB) + UQ metadata OR
NWT EVS @ 4x 8 kbps (WB)

	
	32
	
	
	NWT EVS @ 16.4 kbps (SWB/FB) + UQ metadata OR
NWT EVS @ 4x 9.6 kbps (SWB)

	
	48
	
	Off
	NWT EVS @ 32 kbps (SWB/FB) + UQ metadata OR
NWT EVS @ 4x 16.4 kbps (SWB/FB)

	
	64
	
	
	NWT EVS @ 48 kbps (SWB/FB) + UQ metadata OR
NWT EVS @ 4x 24.4 kbps (SWB/FB)

	
	80
	
	
	NWT EVS @ 48 kbps (SWB/FB) + UQ metadata OR
NWT EVS @ 4x 24.4 kbps (SWB/FB)

	
	96
	
	
	NWT EVS @ 64 kbps (SWB/FB) + UQ metadata OR
NWT EVS @ 4x 32 kbps (SWB/FB)

	
	128
	
	
	NWT EVS @ 64 kbps (SWB/FB) + UQ metadata OR
NWT EVS @ 4x 48 kbps (SWB/FB)

	
	160
	
	
	NWT EVS @ 96 kbps (SWB/FB) + UQ metadata OR
NWT EVS @ 4x 48 kbps (SWB/FB)

	
	192
	
	
	NWT EVS @ 128 kbps (SWB/FB) + UQ metadata OR
NWT EVS @ 4x 64 kbps (SWB/FB)

	
	256
	
	
	NWT EVS @ 128 kbps (SWB/FB) + UQ metadata OR
NWT EVS @ 4x 96 kbps (SWB/FB)


(* DTX will be tested for rates up to 32 kbit/s where mandatory DTX operation is available for the multi-mono EVS reference. Other rates with DTX support may be evaluated in IVAS codec characterization. DTX will be tested for the rates where DTX must be supported. DTX operation applies also for the (multi-mono) EVS references.
(** The EVS + UQ metadata reference shall be produced by EVS coding of the mono MASA format transport channel and passthrough of the original MASA metadata. The multi-mono 3x EVS reference shall be produced by individual EVS coding of the 3 “planar FOA” component signals in ACN/SN3D format. The multi-mono 4x EVS reference shall be produced by individual EVS coding of the 4 FOA component signals in ACN/SN3D format.


6.4 Performance requirements for operation with Multi-channel Audio Content
The following multi-channel audio requirements apply predominantly to cinematic, mixed, and music content.  
6.4.1 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:
	BW

	Bitrate (kbit/s)
	FER

	Requirements (*
	Objectives (*

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

	
	16.4
	
	
	NWT EVS @ 5x 7.2 kbps (WB) 

	
	24.4
	
	NWT EVS @ 5x 7.2 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.
Note: No performance requirements are defined for WB content.

6.4.2 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:
	BW

	Bitrate (kbit/s)
	FER

	Requirements (*
	Objectives (*

	SWB
FB
	13.2
	All

	
	NWT EVS @ 7x 7.2 kbps (WB) 

	
	16.4
	
	
	NWT EVS @ 7x 7.2 kbps (WB) 

	
	24.4
	
	
	NWT EVS @ 7x 7.2 kbps (WB) 

	
	32
	
	NWT EVS @ 7x 7.2 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.
Note: No performance requirements are defined for WB content.

6.4.3 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:
	BW

	Bitrate (kbit/s)
	FER

	Requirements (*
	Objectives (*

	SWB
FB
	13.2
	All

	
	NWT EVS @ 9x 7.2 kbps (WB) 

	
	16.4
	
	
	NWT EVS @ 9x 7.2 kbps (WB) 

	
	24.4
	
	
	NWT EVS @ 9x 7.2 kbps (WB) 

	
	32
	
	
	NWT EVS @ 9x 7.2 kbps (WB) 

	
	48
	
	NWT EVS @ 9x 7.2 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.
Note: No performance requirements are defined for WB content.

6.4.4 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:
	BW

	Bitrate (kbit/s)
	FER

	Requirements (*
	Objectives (*

	SWB
FB
	13.2
	All

	
	NWT EVS @ 11x 7.2 kbps (WB) 

	
	16.4
	
	
	NWT EVS @ 11x 7.2 kbps (WB) 

	
	24.4
	
	
	NWT EVS @ 11x 7.2 kbps (WB) 

	
	32
	
	
	NWT EVS @ 11x 7.2 kbps (WB) 

	
	48
	
	
	NWT EVS @ 11x 7.2 kbps (WB) 

	
	64
	
	NWT EVS @ 11x 7.2 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.
Note: No performance requirements are defined for WB content.


9. EVS Objective Performance Requirements and Objectives
The IVAS codec shall/should meet the following objective requirements/objectives.
9.1. IVAS Objective Performance [Requirements/Objectives] for DTX operation
Definition of AFR (Active Frame Ratio) and CADR (Correct Active Detection Ratio):
AFR for IVAS Codec and reference multi-mono EVS are defined as follows:
AFRIVAS (in percentage) = 100 x (# frames that are neither SID nor NO DATA) / (# frames in DTX-off operation)
AFRNxEVS (in percentage) = 100 x (# super-frames that are neither SID nor NO DATA) / (# super-frames in DTX-off operation)
For AFRNxEVS the following definition applies:
A super-frame for a multi-mono EVS system with N EVS instances at frame index k is the union of EVS frames of the N instances for frame index k. A super-frame in an AFRNxEVS measurement is classified as SID or NO DATA if all frames of the super-frame are, respectively, SID or NO DATA. N is set to number of EVS instances of the multi-mono EVS reference system used in a corresponding subjective performance requirement.   
Note: AFR computation does not include the preamble used in the test.

CADR for IVAS Codec and reference multi-mono EVS are defined as follows:
CADRIVAS (in percentage) = 100 x (# frames that are neither SID nor NO DATA)/ (# frames in DTX-off operation)   
CADRNxEVS (in percentage) = 100 x (# super-frames that are neither SID nor NO DATA) / (# super-frames in DTX-off operation)
For CADRNxEVS the following definition applies:
A super-frame for a multi-mono EVS system with N EVS instances at frame index k is the union of EVS frames of the N instances for frame index k. A super-frame in an CADRNxEVS measurement is classified as SID or NO DATA if any frame of the super-frame is, respectively, SID or NO DATA. N is set to number of EVS instances of the multi-mono EVS reference system used in a corresponding subjective performance requirement.
Note:  # frames only take into account true active frames. True active frames are defined as frames where the corresponding super-frame of a multi-mono system with N instances comprises at least one frame with energy larger than [-56dBov]. 
CADR is only used for generic audio content excluding predominant voice, for which an ideally no DTX should be used.
[Requirements/Objectives] for objective evaluation:
The AFR performance evaluation is based on a large database of FB speech and noisy speech of length (approximately 10 to 30 min) with an AFRNxEVS of approximately 40%. 
The CADR performance evaluation is based on a large database of FB general audio content (mixed and music) of length (approximately 10 to 30 min). 
The reporting of objective evaluation is to be detailed in the processing test plan. 

The following objective [requirement/objective] applies for all IVAS operation modes / input audio formats for which subjective performance requirements with DTX on are defined: 
· the AFR performance on the speech and noisy speech database of the IVAS system at a given bitrate [shall/should] be not worse compared to the respective multi-mono EVS reference system of any of the applicable subjective performance requirements. The [requirement/objective] shall be met within a relative tolerance of [10%].
· the CADR performance on general audio content database of the IVAS system at a given bitrate [shall/should] be not worse compared to the respective multi-mono EVS reference system of any of the applicable subjective performance requirements. The [requirement/objective] shall be met within a relative tolerance of [10%].
Note: the [requirement/objective] shall be evaluated using the largest available audio bandwidth operation mode of the IVAS system under test and the multi-mono EVS reference system. A full evaluation should be done during characterization.

This [requirement/objective] is exemplified for IVAS scene-based audio operation at 48 kbps. 
The corresponding subjective requirement is 
	BW

	Bitrate (kbit/s)
	FER

	DTX(*
	Requirements(**
	Objectives

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



The objective [requirement] is met if
	AFRIVAS@48kbps < AFR4xEVS@16.4kbps * (1 + [10%]) or AFRIVAS@48kbps < AFR4xEVS@13.2kbps * (1 + [10%])
	CADRIVAS@48kbps > CADR4xEVS@16.4kbps * (1 - [10%]) or CADRIVAS@48kbps < CADR4xEVS@13.2kbps * (1 - [10%])
IVAS is operated with FB audio bandwidth, EVS@16.4 is operated with FB audio bandwidth, EVS@13.2 is operated with SWB audio bandwidth. 
9.3. JBM objective performance requirements for delay, time scaling and jitter-induced concealment operations

JBM behaviour in terms of delay, time scaling and jitter-induced concealment operations shall not be substantially worse than for a corresponding EVS reference system.
This requirement will be verified after the selection.
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