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1. Abstract
Following the compromise of the SA4#64 meeting in San Diego about the algorithmic codec delay design constraint and to derive EVS codec performance requirements following the requirements as they are specified in the EVS TR, this document deduces a set of basic performance requirements from the EVS TR.

The sources suggest to adopt the set of basic performance requirements as a starting point in the drafting of the EVS codec performance requirement document EVS-3.
2. General concept
Following the structure of the EVS TR, requirements are derived for the content categories speech and mixed/music.

As a general remark, the TR recommends to define requirements related to quality, capacity, error robustness and delay. Since capacity is closely related to bit rate and bit rate and quality are related with each other through the rate-distortion performance of a codec, capacity and quality requirements can be handled in the same way. This is done by requiring a certain quality at a given rate. The TR gives the guidance to achieve improvements at equivalent operating points. The sources believe however that this may result in methodical problems in a way that it may not always be guaranteed that the performed tests have sufficient resolution to show improvements. It is hence suggested to set equivalent requirements where ‘not worse than’ quality is required with the reference codec at a more demanding operating point either in terms of bit rate or in terms of frame loss rate. ‘Better than’ objectives are considered acceptable since a failure due to methodical problems would be less critical for a codec candidate.
With regards to delay, the design constraints allow a maximum EVS codec delay that is significantly higher than the delay of the AMR and AMR-WB reference codecs. It is hence difficult to compare the EVS codec candidates and the reference codecs at equivalent delay operating points. This is an issue for which a solution needs to be found. A proposal is made in contribution [AHEVS-069]. For the definition of the performance requirements it is however suggested here to ignore this issue.

2.1 Speech quality
The TR specifies that “the quality of the EVS codec should be evaluated in ideal and realistic communication scenarios”. 

This means that in the speech content category clean and noisy speech has to be considered. Furthermore requirements for conditions with and without frame/packet losses have to be made.

2.1.1 Requirements
2.1.1.a) Non-AMR-WB io mode:
The EVS TR specifies:

· For narrowband signals: the EVS codec shall offer significant improvements in trade-offs among capacity, delay, error robustness and speech quality over the state-of-the-art 3GPP narrowband codec (AMR).

· For wideband signals: the quality shall be significantly improved with respect to the state-of-the-art 3GPP wideband codec at equivalent operating points.

· For super-wideband signals: the quality shall be significantly better than the state-of-the-art 3GPP wideband codec with wideband input and be no worse than state-of-the-art conversational super-wideband codecs at equivalent operating points.
Based on the remarks made above on high level the following requirements can be derived: 
	Audio bandwidth
	Requirement
	Remarks

	NB
	EVS@op_x NWT AMR@op_y
	The operating points op_x and op_y will be specified in terms of bit rate and frame loss rate. Op_x is a more demanding operating point than op_y, i.e. either the bit rate of op_x is lower than for op_y or the frame loss rate is higher.

	WB
	EVS@op_x NWT AMR-WB@op_y
	Same remark as above

	SWB (against WB and SWB references)
	EVS@op_x NWT AMR-WB@op_y 
and 
EVS@op_x NWT SWBcodec@op_x
	Same remark as above and in addition:
For the second performance requirement the same operation point op_x in terms of bit rate and frame loss rate will be applied.

SWBcodec is suggested to be one of G.718SWB/G.719/G.722C depending on rate and performance. The actual choice should be for discussion.


2.1.1.b) AMR-WB io mode:

The EVS TR specifies:

For the AMR-WB codec modes that are included in the EVS codec (see section 4.3) it is additionally recommended that they should consistently provide significantly improved quality over the pre-Rel-10 AMR-WB codec when operating at the same bit rate
The sources read this guidance such that no requirements concerning the performance of the EVS codec should be set. Hence, the potential failure of a codec candidate to provide significantly improved quality over pre-Rel-10 AMR-WB would not lead to the disqualification. However, according to the agreement from the SA4#64 meeting, the failure to provide significant improvements shall lead to the replacement of the AMR-WB interoperable mode of the candidate by AMR-WB. It is suggested to address this with performance objectives, see below.

2.1.2 Objectives
2.1.2.a) Non-AMR-WB io mode:
The EVS TR specifies:

The codec performance should show an increase in quality with increased bit rate and audio bandwidth.
This translates to the following high-level objectives
	Objective
	Remarks

	EVS@rate_X BT EVS@rate_x
	Rate_x < Rate_X

	EVS_WB@op_x BT EVS_NB@op_x
	The operating point op_x will be specified in terms of bit rate and frame loss rate. 

	EVS_SWB@op_x BT EVS_WB@op_x
	


2.1.2.b) AMR-WB io mode:
The EVS TR specifies:

For the AMR-WB codec modes that are included in the EVS codec (see section 4.3) it is additionally recommended that they should consistently provide significantly improved quality over the pre-Rel-10 AMR-WB codec when operating at the same bit rate

· in codec configurations with the AMR-WB encoder inside EVS and the AMR-WB decoder inside EVS, 

· in codec configurations with the AMR-WB encoder inside EVS and the pre-Rel-10 AMR-WB decoder, 

· in codec configurations with the pre-Rel-10 AMR-WB encoder and the AMR-WB decoder inside EVS, and
· in relevant 3GPP CS system configurations.

This translates to the following high-level objectives 
	Objective
	Remarks

	EVS_AMRWB_enc@op_x->EVS_AMRWB_dec
NWT
 AMRWB_enc@op_y->AMRWB_dec
	The operating points op_x and op_y will be specified in terms of bit rate and frame loss rate/residual bit error rates. Op_x is a more demanding operating point than op_y, i.e. either the bit rate of op_x is lower than for op_y or the frame loss rate is higher.

	EVS_AMRWB_enc@op_x->AMRWB_dec 
NWT 
AMRWB_enc@op_y->AMRWB_dec
	

	AMRWB_enc@op_x->EVS_AMRWB_dec
NWT
AMRWB_enc@op_y->AMRWB_dec
	


2. Music and mixed quality
2.1.1 Requirements

2.1.1.a) Non-AMR-WB io mode:
The TR specifies:

· For narrowband signals: the quality shall be significantly improved with respect to the state-of-the-art 3GPP narrowband codec (AMR) at equivalent operating points.

· For wideband signals: the quality shall be significantly improved with respect to the state-of-the-art 3GPP conversational wideband codec at equivalent operating points.
· For super-wideband signals: the quality shall be significantly better than the state-of-the-art 3GPP conversational wideband codec with wideband input and be no worse than state-of-the-art conversational super-wideband codecs at equivalent operating points. Note: It is envisioned that the EVS codec will provide better performance than a specific state-of-the-art conversational super-wideband codec at equivalent operating points.
The following requirements can be derived:
	Audio bandwidth
	Requirement
	Remarks

	NB
	EVS@op_x NWT AMR@op_y
	The operating point op_x and op_y will be specified in terms of bit rate and frame loss rate. Op_x is a more demanding operating point than op_y, i.e. either the bit rate of op_x is lower than for op_y or the frame loss rate is higher.

	WB
	EVS@op_x NWT AMR-WB@op_y
	Same remark as above

	SWB (against WB and SWB references)
	EVS@op_x NWT AMR-WB@op_y 

and 

EVS@op_x NWT SWBcodec@op_x
	Same remark as above and in addition:

For the second performance requirement the same operation point op_x in terms of bit rate and frame loss rate will be applied.

SWBcodec is suggested to be one of G.718SWB/G.719/G.722C depending on rate and performance. The actual choice should be for discussion.


2.1.b) EVS_AMRWB mode

For the AMR-WB codec modes that are included in the EVS codec (see section 4.3) it is additionally recommended that they should consistently provide significantly improved quality over the pre-Rel-10 AMR-WB codec when operating at the same bit rate
As above, the sources read this guidance such that no requirements concerning the performance of the EVS codec should be set. It is suggested to address this guidance with performance objectives, see below. 
2.2.2 Objectives
2.2.2.a) Non-AMR-WB io mode

The TR specifies no mixed content/music performance objectives for the non-AMR-WB io mode.  
2.2.2.b) AMR-WB io mode

2.2 Objectives:

The EVS TR specifies:

For the AMR-WB codec modes that are included in the EVS codec (see section 4.3) it is additionally recommended that they should consistently provide significantly improved quality over the pre-Rel-10 AMR-WB codec when operating at the same bit rate

· in codec configurations with the AMR-WB encoder inside EVS and the AMR-WB decoder inside EVS, 

· in codec configurations with the AMR-WB encoder inside EVS and the pre-Rel-10 AMR-WB decoder, 

· in codec configurations with the pre-Rel-10 AMR-WB encoder and the AMR-WB decoder inside EVS, and
· in relevant 3GPP CS system configurations.

This translates to the following high-level objectives 
	Objective
	Remarks

	EVS_AMRWB_enc@op_x->EVS_AMRWB_dec
NWT
 AMRWB_enc@op_y->AMRWB_dec
	The operating points op_x and op_y will be specified in terms of bit rate and frame loss rate/residual bit error rates. Op_x is a more demanding operating point than op_y, i.e. either the bit rate of op_x is lower than for op_y or the frame loss rate is higher.

	EVS_AMRWB_enc@op_x->AMRWB_dec 
NWT 
AMRWB_enc@op_y->AMRWB_dec
	

	AMRWB_enc@op_x->EVS_AMRWB_dec
NWT
AMRWB_enc@op_y->AMRWB_dec
	


3. Robustness to packet loss and delay jitter

The EVS TR specifies that the quality of the EVS codec should also be evaluated using patterns of losses and delays based upon the expected behaviour of deployed EPS systems under a wide range of packet loss and delay/jitter conditions. As network conditions degrade, the degradation of EVS speech quality should be minimized. Furthermore, the performance of the codec should be evaluated in realistic scenarios including different delay and error profiles consistent with the objective requirements on JBM in 3GPP TS 26.114.
This means that further performance requirements have to be specified which ensure proper performance in a VoLTE application. Such requirements have to be defined that simulate the EVS codec in a complete VoLTE framework including packetization/depacketization and JBM. The requirements in 3GPP TS 26.114 must be met in addition. 

4. Transcoding performance

The EVS TR specifies further that quality degradations due to transcoding and the additional delay implied by it shall be as limited as possible. The relevant transcoding configurations are self-tandemings and tandemings with existing 3GPP codecs, AMR-WB and AMR.

This document does not make concrete proposals for transcoding performance requirement. It is however suggested to address this topic in the discussion during the EVS ad-hoc meeting #2 in Paris.

5. Detailed proposal
5.1. EVS Performance Requirements for non-interoperable modes of EVS

	Category
	Bandwidth
	bitrate
	FER
jitter
	Requirements
	Objectives
	Codec configuration and remarks

	Clean Speech 

-26dBov, 

-16dBov,

-36dBov

[reverberant speech ]

Noisy Speech 
-26dBov

Car [20] dB,

Office [20] dB

Babble [20] dB

other noise types tbd 
Clean Speech with FER

[FER 1%, 3%, 5%, 10% - references may be at lower FER]

encoder aware or not aware of channel conditions]


	NB


	7.2/8/9.6/13.2
	0
	NWT AMR@

7.95/10.2/12.2/NA
	BT EVS_NB@NA/7.2/8/9.6
	At rates up to 24.4 kbps requirements and objectives apply for operation with and without DTX

	
	
	7.2


	1,3,5,10%
	NWT AMR@7.4, 
0,1,3,5%
	NA
	

	
	
	8


	
	NWT AMR@7.95, 
0,1,3,5%
	BT EVS_NB@7.2, 1,3,5,10%
	

	
	
	9.6


	
	NWT AMR@10.2, 
0,1,3,5%
	BT EVS_NB@8, 1,3,5,10%
	

	
	
	13.2
	
	NWT AMR@12.2, 
0,1,3,5%
	BT EVS_NB@9.6, 1,3,5,10%
	

	
	WB


	7.2/8/9.6/13.2/ 16.4
	0
	NWT AMR-WB@
8.85/12.65/14.25/18.25/23.85
	BT EVS_NB@ 7.2/8/9.6/13.2/NA

BT EVS_WB@NA/7.2/8/9.6/13.2
	At rates up to 24.4 kbps requirements and objectives apply for operation with and without DTX

	
	
	7.2
	1,3,5,10%
	NWT AMR-WB@6.6, 0,1,3,5% 
	NA
	

	
	
	8
	
	NWT AMR-WB@8.85, 0,1,3,5%
	BT EVS_WB@7.2, 1,3,5,10%
	

	
	
	9.6
	
	NWT AMR-WB@8.85, 0,1,3,5%
	BT EVS_WB@8, 1,3,5,10%
	

	
	
	13.2
	
	NWT AMR-WB@12.65, 0,1,3,5%
	BT EVS_WB@9.6, 1,3,5,10%
	

	
	
	16.4
	
	NWT AMR-WB@15.85, 0,1,3,5%
	BT EVS_WB@13.2, 1,3,5,10%
	

	
	SWB
	13.2, 16.4
	0
	NWT AMR-WB@18.25, 23.85
	BT EVS_WB@13.2/NA

BT EVS_SWB@NA/13.2
	At rates up to 24.4 kbps requirements and objectives apply for operation with and without DTX

	
	
	13.2
	1,3,5,10%
	NWT AMR-WB@12.65, 0,1,3,5%
	NA
	

	
	
	16.4
	
	NWT AMR-WB@15.65, 0,1,3,5%
	BT EVS_SWB@13.2, 1,3,5,10%
	

	
	
	24.4, 32, 48, 64, 96, 128
	0
	NWT [G.722.1C/G.718SWB/G.719]@24,32,48,64,96,128
	BT EVS_SWB@16.4,24.4,32,48,64,96
	


	Category
	Bandwidth
	bitrate
	FER
jitter
	Requirements
	Objectives
	Codec configuration and remarks

	Mixed content and Music

-26dBov, 

-16dBov,

-36dBov

[FER 1%, 3%, 5%, 10% - references may be at lower FER]


	NB


	7.2/8/9.6/13.2
	0
	NWT AMR@

7.95/10.2/12.2/NA
	
	At rates up to 24.4 kbps requirements and objectives apply for operation with and without DTX

	
	
	7.2


	1,3,5,10%
	NWT AMR@7.4, 
0,1,3,5%
	
	

	
	
	8


	
	NWT AMR@7.95, 
0,1,3,5%
	
	

	
	
	9.6


	
	NWT AMR@10.2, 
0,1,3,5%
	
	

	
	
	13.2
	
	NWT AMR@12.2, 
0,1,3,5%
	
	

	
	WB


	7.2/8/9.6/13.2/ 16.4
	0
	NWT AMR-WB@
8.85/12.65/14.25/18.25/23.85
	
	At rates up to 24.4 kbps requirements and objectives apply for operation with and without DTX

	
	
	7.2
	1,3,5,10%
	NWT AMR-WB@6.6, 0,1,3,5% 
	
	

	
	
	8
	
	NWT AMR-WB@8.85, 0,1,3,5%
	
	

	
	
	9.6
	
	NWT AMR-WB@8.85, 0,1,3,5%
	
	

	
	
	13.2
	
	NWT AMR-WB@12.65, 0,1,3,5%
	
	

	
	
	16.4
	
	NWT AMR-WB@15.85, 0,1,3,5%
	
	

	
	SWB
	13.2, 16.4
	0
	NWT AMR-WB@18.25, 23.85
	
	At rates up to 24.4 kbps requirements and objectives apply for operation with and without DTX

	
	
	13.2
	1,3,5,10%
	NWT AMR-WB@12.65, 0,1,3,5%
	
	

	
	
	16.4
	
	NWT AMR-WB@15.65, 0,1,3,5%
	
	

	
	
	24.4, 32, 48, 64, 96, 128
	0
	NWT [G.722.1C/G.718SWB/G.719]@24,32,48,64,96,128
	
	


5.2 EVS Performance Requirements for interoperable modes of EVS

	Category
	Bandwidth
	bitrate
	FER
jitter
	Requirements
	Objectives
	Codec configuration and remarks

	Clean Speech 

-26dBov, 

-16dBov,

-36dBov

[reverberant speech ]

Noisy Speech 
-26dBov

Car [20] dB,

Office [20] dB

Babble [20] dB

other noise types tbd 
Clean Speech with FER
[FER 1%, 3%, 5%, 10% - references may be at lower FER]

encoder aware or not aware of channel conditions]
	WB


	rate(m)

	0

	-
	NWT AMR-WB@rate (m+1)
	The objectives apply to the following codec configurations:

EVS_AMRWB_enc->EVS_AMRWB_dec 
EVS_AMRWB_enc->AMRWB_dec
AMRWB_enc->EVS_AMRWB_dec
Note:

m = [0..7], referencing [6.60, 8.85, 12.65, 14.25, 15.85,  18.25, 19.85, 23.05, 23.85] 

	
	
	rate(m)
	1,3,5,10%/

resBER(B)=0,[x]
	-
	NWT AMR-WB@rate(m), 0,1,3,5%/

resBER(B)=0,[2x]
	The objectives apply to the following codec configurations:

EVS_AMRWB_enc->EVS_AMRWB_dec 
EVS_AMRWB_enc->AMRWB_dec
AMRWB_enc->EVS_AMRWB_dec
Note:

m = [0..8], referencing [6.60, 8.85, 12.65, 14.25, 15.85,  18.25, 19.85, 23.05, 23.85]

x = resBER of class B bits according to 26.201, x is tbd.  

	Mixed content and Music

-26dBov, 

-16dBov,

-36dBov

[FER 1%, 3%, 5%, 10% - references may be at lower FER]
	WB


	rate(m)

	0

	-
	NWT AMR-WB@rate (m+1)
	The objectives apply to the following codec configurations:

EVS_AMRWB_enc->EVS_AMRWB_dec 
EVS_AMRWB_enc->AMRWB_dec
AMRWB_enc->EVS_AMRWB_dec
Note:

m = [0..7], referencing [6.60, 8.85, 12.65, 14.25, 15.85,  18.25, 19.85, 23.05, 23.85] 


	
	
	rate(m)
	1,3,5,10%/

resBER(B)=0,[x]
	-
	NWT AMR-WB@rate(m), 0,1,3,5%/

resBER(B)=0,[2x]
	The objectives apply to the following codec configurations:

EVS_AMRWB_enc->EVS_AMRWB_dec 
EVS_AMRWB_enc->AMRWB_dec
AMRWB_enc->EVS_AMRWB_dec
Note:

m = [0..8], referencing [6.60, 8.85, 12.65, 14.25, 15.85,  18.25, 19.85, 23.05, 23.85]

x = resBER of class B bits according to 26.201, x is tbd.  
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