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1.  Introduction

This document proposes principles to be applied when defining the performance requirements of the EVS codec. The principles are to the largest extent derived from the EVS TR [1]. A two stage approach is proposed. In a first step the EVS codec conditions to be addressed are defined. In a second step, it is suggested to define the particular performance requirements for the defined EVS codec conditions. 
The derived EVS codec conditions to be evaluated are detailed in the tables in Appendix 1 of this document.
2. Codec conditions
This section makes a suggestion on the codec conditions to be evaluated when assessing the EVS codec candidates against the performance requirements. It does not make suggestions for performance requirements that have to be met with these conditions.

The suggested codec conditions are based on the guidance provided by the EVS TR. Similar to the structure in the TR different sets of conditions are proposed for the speech quality requirements and the requirements for mixed content and music.  
2.1 Conditions for the assessment of speech quality
2.1.1 Guidance from the EVS TR

The following guidance is given from the EVS TR:

It is recommended that EVS codec performance requirements address speech quality, quality for mixed content and music. The quality of the EVS codec should be evaluated in ideal and realistic communication scenarios. The realistic communication scenarios include a case where the UE is located at a cell edge.
We conclude from this guidance that speech quality has to be assessed both for ideal clean speech and for realistic speech in background noise. In addition the ideal communication scenario implies conditions without frame losses, the realistic communication scenarios with a case where the UE is located at a cell edge implies conditions with frame losses. Part of realistic communication scenarios is also codec operation with VAD/DTX/CNG enabled.
The EVS TR provides the following further guidance that is specific to speech quality requirements:
It is recommended that the EVS codec achieves the following quality requirements:

· 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.

Besides, the codec performance should show an increase in quality with increased bit rate and audio bandwidth.
In addition, the EVS TR specifies the following performance requirements for transcoding:

In case transcoding cannot be avoided, it is recommended that the quality degradation due to transcoding and the additional delay implied by it shall be as limited as possible. Possible transcoding configurations are self-tandemings and tandemings with existing 3GPP codecs as e.g. AMR-WB and AMR.

We conclude from this guidance that there have to be at least speech quality requirements for NB, WB and SWB signals. 
Typical scenarios in which either the input signal or the output signal will be band limited to NB or resp. WB, are inter-connection scenarios with legacy systems like CS 3GPP systems or – even if not explicitly mentioned – the PSTN. Such scenarios imply codec tandeming with legacy codecs like AMR and AMR-WB as well as G.711, G.722. Other scenarios could be that either the input or the output signals of the EVS codec are band limited to NB or WB due to audio hardware limitations of the UE. The source believes that such cases are less likely to happen in practice. However, still they constitute relevant check points for the intrinsic EVS codec performance with NB or WB signals. 

2.1.2 Conditions with bandwidth limitations 

Hence, the source suggests defining speech performance requirements for the following conditions with bandwidth limitations:

2.1.2.1 NB conditions

The following NB conditions are suggested:

a. NB-mask -> EVS

b. EVS -> NB-mask

c. G.711 -> EVS

d. EVS -> G.711

e. AMR -> EVS 

f. EVS -> AMR

Remarks:

· The NB mask should limit the audio bandwidth to the band of 100 – 3500 Hz.
· For the tandem conditions with AMR it is proposed that such AMR modes should be used which respective gross bit rates correspond as closely as possible to the corresponding EVS codec gross bit rates. It is believed that this will balance the possible transcoding related artifacts of the two involved codecs and provide the clearest indication of the strength of the EVS codec candidates in a transcoding scenario.
· Performance requirement should be established for all EVS codec bit rates from the lowest (5.9 kbps VBR) up to a rate for which transparent behavior is required, i.e. for which the tandem coding with the EVS codec shall be statistically indistinguishable from a corresponding condition without EVS coding.

· For the transcoding cases with G.711 and respectively AMR filter masks shall be used that are relevant for the respectively considered inter-connect scenario and the related terminal characteristics. This detail should be addressed in the test and processing plan.  
· For the single coding conditions it is suggested to set requirements for 0%, 2% and 5% FER.

· For codec tandem conditions with G.711 and AMR it is suggested to set requirements for 0% FER only.

· It is suggested to define conditions for clean speech, speech in background noise (car, office, babble) and reverberant speech.
· The codec shall be aware of the band limitation of the signal since this information can be assumed to be made available through SDP mechanisms.

2.1.2.2 WB conditions

The following WB conditions are suggested:

a. WB-mask -> EVS

b. EVS -> WB-mask

c. G.722 -> EVS

d. EVS -> G.722

e. AMR-WB -> EVS 

f. EVS -> AMR-WB

Remarks:

· The WB mask should limit the audio bandwidth to the band of 50 – 7000 Hz.
· For the tandem conditions with AMR-WB it is proposed that such AMR-WB modes should be used which respective gross bit rates correspond as closely as possible to the corresponding EVS codec gross bit rates. It is believed that this will balance the possible transcoding related artifacts of the two involved codecs and provide the clearest indication of the strength of the EVS codec candidates in a transcoding scenario.
· Performance requirement should be established for all EVS codec bit rates from the lowest (5.9 kbps VBR) up to a rate for which transparent behavior is required, i.e. for which the tandem coding with the EVS codec shall be statistically indistinguishable from a corresponding condition without EVS coding.

· For the transcoding cases with G.722 and respectively AMR-WB filter masks shall be used that are relevant for the respectively considered inter-connect scenario and the related terminal characteristics. This detail should be addressed in the test and processing plan.  
· For the single coding conditions it is suggested to set requirements for 0%, 2% and 5% FER.

· For codec tandem conditions with G.722 and AMR-WB it is suggested to set requirements for 0% FER only.

· It is suggested to define conditions for clean speech, speech in background noise (car, office, babble) and reverberant speech.

· The codec shall be aware of the band limitation of the signal since this information can be assumed to be made available through SDP mechanisms.

2.1.2.3 SWB conditions

Telephony services offering SWB voice quality and to which the 3GPP EVS could interconnect are not widespread yet. Nevertheless, it seems in line with the EVS TR to set performance requirements even for such cases and to check the performance of the EVS codec in transcoding with state-of-the-art SWB or FB codecs (operated on SWB signals). It is suggested to consider transcoding to the ITU-T codecs G.718 SWB and G.722.1C. As alternative to using ITU-T G.722.1C the use of the more recent G.719 operated with SWB limited signals could be considered, depending on what provides the better performance. It is suggested to have this question ffs. The following conditions are suggested:

a. SWB-mask -> EVS

b. EVS -> SWB-mask

c. G.722.1C [or G.719 SWB, ffs.] -> EVS

d. EVS -> G.722.1C [or G.719 SWB, ffs.]
e. G.718 SWB -> EVS 

f. EVS -> G.718 SWB

Remarks:

· The SWB mask may limit the audio bandwidth to the typical SWB band of 50 – 14000 Hz. However, the source sees no strong technical reasons for the upper limit of 14000 and would hence rather suggest a higher limit of up to 16000 Hz.
· For the tandem conditions with G.718 SWB and repectively G.722.1C [or G.719 SWB, ffs.] it is proposed that the respectively chosen bit rates should correspond as closely as possible to the EVS codec bit rates. It is believed that this will balance the possible transcoding related artifacts of the two involved codecs and provide the clearest indication of the strength of the EVS codec candidates in a transcoding scenario.
· Performance requirement should be established for all EVS codec bit rates from 13.2 kbps (gross) up to a rate for which transparent behavior is required, i.e. for which the tandem coding with the EVS codec shall be statistically indistinguishable from a corresponding condition without EVS coding.

· For the single coding conditions it is suggested to set requirements for 0%, 2% and 5% FER.

· For codec tandem conditions with G.718 SWB and G.722.1C [or G.719 SWB, ffs.] it is suggested to set requirements for 0% FER only.
· It is suggested to define conditions for clean speech, speech in background noise (car, office, babble) and reverberant speech.

2.1.3 Conditions without bandwidth limitations 

In addition to the above conditions with bandwidth limitations, it is suggested to establish requirements on further conditions without bandwidth limitations. The source believes that this may be the typical scenario for end-to-end EVS calls with EVS capable UEs on both ends. In this scenario, there is no need for constraining the audio bandwidth and the actually provided audio bandwidth may rather be a design choice and possibly depend on the selected bit rate. According to the EVS TR, besides requirement for single coding performance requirements for transcoding have to be defined, too. We propose to consider self-tandeming with the same EVS codec mode and rate.

The following conditions are suggested:

a. EVS single coding

b. EVS self tandem

Remarks:

· Performance requirement should be established for all EVS codec bit rates from the lowest (5.9 kbps VBR) up to a rate for which transparent behavior is required, i.e. for which the EVS codec has to provide a performance that is statistically not worse than an uncoded SWB reference condition. 
· For the single coding conditions it is suggested to set requirements for 0%, 2% and 5% FER.

· For tandem conditions it is suggested to set requirements for 0% FER only.
· It is suggested to define conditions for clean speech, speech in background noise (car, office, babble) and reverberant speech.

2.1.4 Conditions with AMR-WB interoperable EVS codec mode

The following guidance is given from the EVS TR:

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.
In addition to this guidance, the source believes that the TR guidance with respect to transcoding (see above) applies even for the AMR-WB interoperable EVS codec mode. 
We conclude that the following conditions have to be present:
a. EVS-AMR-WB-io
b. EVS-AMR-WB-io encoding - AMR-WB decoding

c. AMR-WB encoding - EVS-AMR-WB-io decoding

d. G.722 -> EVS-AMR-WB-io
e. EVS-AMR-WB-io -> EVS-AMR-WB-io (self-tandem)
f. EVS-AMR-WB-io -> G.722

g. AMR-WB -> EVS-AMR-WB-io 

h. EVS-AMR-WB-io -> AMR-WB

Remarks:

· For the single coding conditions it is suggested to set requirements for 0%, 2% and 5% FER.

· For self-tandem and codec tandem conditions with G.722 and AMR-WB it is suggested to set requirements for 0% FER only.

· Relevant 3GPP CS system configurations imply conditions with relevant CS (GSM/WCDMA) frame loss and residual bit error patterns.

2.1.5 Conditions with VAD/DTX/CNG

EVS codec operation with enabled VAD/DTX/CNG operation is a very realistic scenario.

It is suggested to define performance requirements at least for the conditions of the above sections 2.1.2 to 2.1.4 with single coding and self-tandem and with and without channel errors.
2.1.6 Realistic 3GPP VoIP conditions 

The EVS TR provides the following guidance:

The quality of the EVS codec should 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.
According to the EVS codec WID [2], even the needs for enhanced voice services in other 3GPP systems should be considered.
It is concluded that requirements have to be defined for realistic end-to-end VoIP scenarios in the EPS, including (or simulating) all relevant parts of the VoIP transmission chain. In line with the preference expressed in the WID, the source suggests to consider not only LTE but also HSPA accesses.

For the definition of requirements for such realistic VoIP conditions it is suggested to follow and extend the corresponding methodology proposed in [3] and [4].    
2.2 Conditions for the assessment of mixed content and music
2.2.1 Guidance from the EVS TR

The following guidance is obtained from the EVS TR:

· 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.

It is concluded that requirements for similar codec conditions as in section 2.1 (Conditions for the assessment of speech quality) should be defined. Mixed contents/music in certain codec tandeming scenarios to other 3GPP codecs appear however less relevant, as well as self-tandeming. Consequently, the source suggests not to define performance requirements for codec tandem conditions with AMR and AMR-WB as well as self-tandem. Requirements on all other conditions defined above, with and without channel errors and including VAD/DTX/CNG and realistic 3GPP VoIP transmission should however be defined.  
3. Performance requirements

The guidance from the EVS TR can be summarized as follows. 
At equivalent operating points the EVS codec should provide:

· significant improvements with respect to AMR and AMR-WB in NB and WB conditions 

· significant improvements with respect AMR-WB (with wideband input) in SWB conditions

· no worse than state-of-the-art conversational super-wideband codecs in SWB conditions
Further guidance is found on the comparison with state-of-the-art codecs. The TR states:

· The comparison with state-of-the-art codecs should be made on similar grounds with respect to delay, complexity, audio bandwidth, availability of encoder/decoder source code to 3GPP for testing and verification, and applicability in 3GPP environment.

It is concluded that all codecs listed in the EVS-10 permanent document [5] that fulfil the criteria stipulated in the TR are suitable as reference codecs. Following the criteria on delay, complexity and  audio bandwidth not all codecs are suitable for all conditions. The criteria on availability of encoder/decoder source code to 3GPP for testing and verification, and applicability in 3GPP environment will discard further potential reference codecs.

Further guidance is found on the definition of equivalent operating points. The TR states:
· Equivalent operating points need to be defined with respect to capacity, bit rate, delay and other potential parameters.

It is concluded that the passing of the performance requirements has to be shown when operating the EVS codec especially at the same bit rate as the reference codecs and at the same delay as the reference codec. This is clearly possible to the extent where the EVS codec provides the same bit rates and operates at the same delay as the reference codecs. For instance, under the assumption that the EVS codec provides an operation mode at bit rate that is virtually identical to the rate of AMR-WB mode 12.65 and that this mode has virtually the same algorithmic delay, the performance requirement would be to offer better quality than AMR-WB mode 12.65.

However, from testing methodological viewpoint it is sometimes problematic to require statistically significant improvements if for example, the reference codec quality is already in the quality saturation range of the listening test. In order to overcome this, it is suggested that the performance requirements preferably refer to reference codec conditions at a higher bit rate and that they require not worse than the performance of that higher rate reference condition. The actually required bit rate gain of the EVS codec condition compared to the reference codec condition needs to be agreed.

The same argument is valid if the EVS codec and the reference codec have different algorithmic delays. It may be assumed that the increased delay of the reference codec over the EVS codec provides a performance advantage that can be quantified to correspond to a certain bit rate increase. Hence, in order to carry out a proper comparison against the reference codec, the equivalent bit rate advantage of the reference codec has to be taken into account either by operating the reference codec at a correspondingly lower bit rate or allowing the EVS codec to operate at a correspondingly higher bit rate. The bit rate equivalent of a certain codec delay difference is however still ffs. and would need to be agreed. For the sake of faster progress it is suggested to ignore a possible delay advantage of the reference codecs over the EVS codec. 
4. Conclusion

We suggest adopting the principles outlined in this document when defining the EVS performance requirements. 
The EVS codec conditions to be evaluated are detailed in the tables in Appendix 1.
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Appendix 1: Tables of suggested EVS codec conditions for which performance requirements have to be defined

1. NB Speech

Table 1: Speech NB conditions (tandem with NB mask or G.711)

	Category
	Bandwidth
	gross bitrate [kbps] / other constraints
	FER
jitter
	VAD/
DTX
	Requirements
	Objectives
	Notes (TR 22.813 10.0.0)

	Speech including

-clean

-noisy (car, office, babble)

-reverberant speech
	NB


	NB mask -> 5.9 VBR
	0%, 2%, 5%
	On/

off
	
	
	

	
	
	NB mask -> 7.2
	
	
	
	
	

	
	
	NB mask -> 8.0
	
	
	
	
	

	
	
	NB mask -> 9.6
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	NB mask -> [EVS rate tbd]
	
	
	NWT NB mask direct
	
	

	
	
	5.9 VBR -> NB mask
	
	
	
	
	

	
	
	7.2 -> NB mask
	
	
	
	
	

	
	
	8.0 -> NB mask
	
	
	
	
	

	
	
	9.6 -> NB mask
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	[EVS rate tbd] -> NB mask
	
	
	NWT NB mask direct
	
	

	Speech including

-clean

-noisy (car, office, babble)

-reverberant speech
	open design choice


	G.711 -> 5.9 VBR
	0%
	off
	
	
	

	
	
	G.711 -> 7.2
	
	
	
	
	

	
	
	G.711 -> 8.0
	
	
	
	
	

	
	
	G.711 -> 9.6
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	G.711 -> [EVS rate tbd]
	
	
	NWT G.711 direct
	
	

	
	
	5.9 VBR -> G.711
	
	
	
	
	

	
	
	7.2 -> G.711
	
	
	
	
	

	
	
	8.0 -> G.711
	
	
	
	
	

	
	
	9.6 -> G.711
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	[EVS rate tbd] -> G.711
	
	
	NWT G.711 direct
	
	


Table 2: Speech NB conditions (tandem with AMR)
	Category
	Bandwidth
	gross bitrate [kbps] / other constraints
	FER
jitter
	VAD/
DTX
	Requirements
	Objectives
	Notes (TR 22.813 10.0.0)

	Speech including

-clean

-noisy (car, office, babble)

-reverberant speech
	NB


	AMR -> 5.9 VBR
	0%
	off
	
	
	

	
	
	AMR -> 7.2
	
	
	
	
	

	
	
	AMR -> 8.0
	
	
	
	
	

	
	
	AMR -> 9.6
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	AMR -> [EVS rate tbd]
	
	
	NWT AMR direct
	
	

	
	
	5.9 VBR -> AMR
	
	
	
	
	

	
	
	7.2 -> AMR
	
	
	
	
	

	
	
	8.0 -> AMR
	
	
	
	
	

	
	
	9.6 -> AMR
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	[EVS rate tbd] -> AMR
	
	
	NWT AMR direct
	
	


Notes: 

· The NB mask should limit the audio bandwidth to the band of 100 – 3500 Hz.
· For the tandem conditions with AMR it is proposed that such AMR modes should be used which respective gross bit rates correspond as closely as possible to the corresponding EVS codec gross bit rates. 

· Performance requirement should be established for all EVS codec bit rates up to a rate for which transparent behavior is required, i.e. for which the tandem coding with the EVS codec shall be statistically indistinguishable from a corresponding condition without EVS coding, indicated by [EVS rate tbd].

· For the transcoding cases with G.711 and respectively AMR filter masks shall be used that are relevant for the respectively considered inter-connect scenario and the related terminal characteristics. This detail should be addressed in the test and processing plan.
· The codec shall be aware of the band limitation of the signal since this information can be assumed to be made available through SDP mechanisms.
2. WB Speech 
Table 3: Speech WB conditions (tandem with WB mask or G.722)
	Category
	Bandwidth
	gross bitrate [kbps] / other constraints
	FER
jitter
	VAD/
DTX
	Requirements
	Objectives
	Notes (TR 22.813 10.0.0)

	Speech including

-clean

-noisy (car, office, babble)

-reverberant speech
	WB


	WB mask -> 5.9 VBR
	0%, 2%, 5%
	On/

off
	
	
	

	
	
	WB mask -> 7.2
	
	
	
	
	

	
	
	WB mask -> 8.0
	
	
	
	
	

	
	
	WB mask -> 9.6
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	WB mask -> [EVS rate tbd]
	
	
	NWT WB mask direct
	
	

	
	
	5.9 VBR -> WB mask
	
	
	
	
	

	
	
	7.2 -> WB mask
	
	
	
	
	

	
	
	8.0 -> WB mask
	
	
	
	
	

	
	
	9.6 -> WB mask
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	[EVS rate tbd] -> WB mask
	
	
	NWT WB mask direct
	
	

	Speech including

-clean

-noisy (car, office, babble)

-reverberant speech
	open design choice


	G.722 -> 5.9 VBR
	0%
	off
	
	
	

	
	
	G.722 -> 7.2
	
	
	
	
	

	
	
	G.722 -> 8.0
	
	
	
	
	

	
	
	G.722 -> 9.6
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	G.722 -> [EVS rate tbd]
	
	
	NWT G.722 direct
	
	

	
	
	5.9 VBR -> G.722
	
	
	
	
	

	
	
	7.2 -> G.722
	
	
	
	
	

	
	
	8.0 -> G.722
	
	
	
	
	

	
	
	9.6 -> G.722
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	[EVS rate tbd] -> G.722
	
	
	NWT G.722 direct
	
	


Table 4: Speech WB conditions (tandem with AMR-WB)
	Category
	Bandwidth
	gross bitrate [kbps] / other constraints
	FER
jitter
	VAD/
DTX
	Requirements
	Objectives
	Notes (TR 22.813 10.0.0)

	Speech including

-clean

-noisy (car, office, babble)

-reverberant speech
	WB


	AMR-WB -> 5.9 VBR
	0%
	off
	
	
	

	
	
	AMR-WB -> 7.2
	
	
	
	
	

	
	
	AMR-WB -> 8.0
	
	
	
	
	

	
	
	AMR-WB -> 9.6
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	AMR-WB -> [EVS rate tbd]
	
	
	NWT AMR-WB direct
	
	

	
	
	5.9 VBR -> AMR-WB
	
	
	
	
	

	
	
	7.2 -> AMR-WB
	
	
	
	
	

	
	
	8.0 -> AMR-WB
	
	
	
	
	

	
	
	9.6 -> AMR-WB
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	[EVS rate tbd] -> AMR-WB
	
	
	NWT AMR-WB direct
	
	


Notes: 

· The WB mask should limit the audio bandwidth to the band of 50 – 7000 Hz.
· For the tandem conditions with AMR-WB it is proposed that such AMR-WB modes should be used which respective gross bit rates correspond as closely as possible to the corresponding EVS codec gross bit rates. 

· Performance requirement should be established for all EVS codec bit rates up to a rate for which transparent behavior is required, i.e. for which the tandem coding with the EVS codec shall be statistically indistinguishable from a corresponding condition without EVS coding, indicated by [EVS rate tbd].

· For the transcoding cases with G.722 and respectively AMR-WB filter masks shall be used that are relevant for the respectively considered inter-connect scenario and the related terminal characteristics. This detail should be addressed in the test and processing plan.
· The codec shall be aware of the band limitation of the signal since this information can be assumed to be made available through SDP mechanisms.
3. SWB Speech

Table 5: Speech SWB conditions (tandem with SWB mask or G.722.1 [or G.719 SWB ffs])

	Category
	Bandwidth
	gross bitrate [kbps] / other constraints
	FER
jitter
	VAD/
DTX
	Requirements
	Objectives
	Notes (TR 22.813 10.0.0)

	Speech including

-clean

-noisy (car, office, babble)

-reverberant speech
	SWB


	SWB mask -> 13.2
	0%, 2%, 5%
	On/

off
	
	
	

	
	
	SWB mask -> 16.4
	
	
	
	
	

	
	
	SWB mask -> 24.4
	
	
	
	
	

	
	
	SWB mask -> 32
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	SWB mask -> [EVS rate tbd]
	
	
	NWT SWB mask direct
	
	

	
	
	13.2 -> SWB mask
	
	
	
	
	

	
	
	16.4 -> SWB mask
	
	
	
	
	

	
	
	24.4 -> SWB mask
	
	
	
	
	

	
	
	32 -> SWB mask
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	[EVS rate tbd] -> SWB mask
	
	
	NWT SWB mask direct
	
	

	Speech including

-clean

-noisy (car, office, babble)

-reverberant speech
	open design choice


	G.722.1C -> 13.2
	0%
	off
	
	
	

	
	
	G.722.1C -> 16.4
	
	
	
	
	

	
	
	G.722.1C -> 24.4
	
	
	
	
	

	
	
	G.722.1C [G.719 SWB ffs.] -> 32
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	G.722.1C -> [EVS rate tbd]
	
	
	NWT G.722.1C direct
	
	

	
	
	13.2 -> G.722.1C
	
	
	
	
	

	
	
	16.4 -> G.722.1C
	
	
	
	
	

	
	
	24.4 -> G.722.1C
	
	
	
	
	

	
	
	32 -> G.722.1C [G.719 ffs.]
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	[EVS rate tbd] -> G.722.1C
	
	
	NWT G.722.1 direct
	
	


Table 6: Speech SWB conditions (tandem with G.718 SWB)
	Category
	Bandwidth
	gross bitrate [kbps] / other constraints
	FER
jitter
	VAD/
DTX
	Requirements
	Objectives
	Notes (TR 22.813 10.0.0)

	Speech including

-clean

-noisy (car, office, babble)

-reverberant speech
	SWB


	G.718 SWB -> 13.2
	0%
	Off
	
	
	

	
	
	G.718 SWB -> 16.4
	
	
	
	
	

	
	
	G.718 SWB -> 24.4
	
	
	
	
	

	
	
	G.718 SWB -> 32
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	G.718 SWB -> [EVS rate tbd]
	
	
	NWT G.718 SWB direct
	
	

	
	
	13.2 -> G.718 SWB
	
	
	
	
	

	
	
	16.4 -> G.718 SWB
	
	
	
	
	

	
	
	24.4 -> G.718 SWB
	
	
	
	
	

	
	
	32 -> G.718 SWB
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	[EVS rate tbd] -> G.718 SWB
	
	
	NWT G.718 SWB direct
	
	


Notes: 

· The SWB mask should limit the audio bandwidth to up to 16000 Hz.

· As alternative to using ITU-T G.722.1C the use of the more recent G.719 operated with SWB limited signals could be considered, depending on what provides the better performance. It is suggested to have this question ffs.

· For the tandem conditions with G.718 SWB and respectively G.722.1C [or G.719 SWB, ffs.] it is proposed that the respectively chosen bit rates should correspond as closely as possible to the EVS codec bit rates.
Performance requirement should be established for all EVS codec bit rates up to a rate for which transparent behavior is required, i.e. for which the tandem coding with the EVS codec shall be statistically indistinguishable from a corresponding condition without EVS coding, indicated by [EVS rate tbd].

4. Speech without bandwidth limitations

Table 7: Speech conditions without bandwidth limitations (single coding and self tandem)

	Category
	Bandwidth
	gross bitrate [kbps] / other constraints
	FER
jitter
	VAD/
DTX
	Requirements
	Objectives
	Notes (TR 22.813 10.0.0)

	Speech including

-clean

-noisy (car, office, babble)

-reverberant speech
	open design choice


	5.9 VBR
	0%, 2%, 5%
	On/

off
	
	
	

	
	
	7.2
	
	
	
	
	

	
	
	8.0
	
	
	
	
	

	
	
	9.6
	
	
	
	
	

	
	
	13.2
	
	
	
	
	

	
	
	16.4
	
	
	
	
	

	
	
	24.4
	
	
	
	
	

	
	
	32
	
	
	
	
	

	
	
	48
	
	
	
	
	

	
	
	64
	
	
	
	
	

	
	
	96
	
	
	
	
	

	
	
	128
	
	
	
	
	

	Speech including

-clean

-noisy (car, office, babble)

-reverberant speech
	open design choice


	5.9 VBR self tandem
	0%
	On/

off
	
	
	

	
	
	7.2 self tandem
	
	
	
	
	

	
	
	8.0 self tandem
	
	
	
	
	

	
	
	9.6 self tandem
	
	
	
	
	

	
	
	13.2 self tandem
	
	
	
	
	

	
	
	16.4 self tandem
	
	
	
	
	

	
	
	24.4 self tandem
	
	
	
	
	

	
	
	32 self tandem
	
	
	
	
	

	
	
	48 self tandem
	
	
	
	
	

	
	
	64 self tandem
	
	
	
	
	

	
	
	96 self tandem
	
	
	
	
	

	
	
	128 self tandem
	
	
	
	
	


Note: 

· Performance requirement should be established for all EVS codec bit rates up to a rate for which transparent behavior is required, i.e. for which the EVS codec has to provide a performance that is statistically not worse than an uncoded SWB reference condition. 

Table 8: Speech conditions with AMR-WB-io mode (single coding)
	Category
	Bandwidth
	net bitrate [kbps] / other constraints
	FER BER

	VAD/
DTX
	Requirements
	Objectives
	Notes (TR 22.813 10.0.0)

	Speech including

-clean

-noisy (car, office, babble)

-reverberant speech
	WB


	6.6
	0%, 2%, 5%


	On/

off
	
	
	

	
	
	8.85
	
	
	
	
	

	
	
	12.65
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	23.85
	
	
	
	
	

	
	
	Enc@6.6
->AMR-WB-Dec
	
	
	
	
	

	
	
	Enc@8.85
->AMR-WB-Dec
	
	
	
	
	

	
	
	Enc@12.65
->AMR-WB-Dec
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	Enc@23.85
->AMR-WB-Dec
	
	
	
	
	

	
	
	AMR-WB-Enc@6.6
->EVS-Dec
	
	
	
	
	

	
	
	AMR-WB-Enc@8.85
->EVS-Dec
	
	
	
	
	

	Speech including

-clean

-noisy (car, office, babble)

-reverberant speech
	open design choice


	AMR-WB-Enc@12.65
->EVS-Dec
	
	On/

off
	
	
	

	
	
	…
	
	
	
	
	

	
	
	AMR-WB-Enc@23.85
->EVS-Dec
	
	
	
	
	


5. WB Speech EVS AMR-WB-io mode
Table 9: Speech conditions with EVS AMR-WB-io mode (self tandem and tandem with G.722)

	Category
	Bandwidth
	net bitrate [kbps] / other constraints
	FER

	VAD/
DTX
	Requirements
	Objectives
	Notes (TR 22.813 10.0.0)

	Speech including

-clean

-noisy (car, office, babble)

-reverberant speech
	WB


	6.6 self tandem
	0%
	On/

off
	
	
	

	
	
	8.85 self tandem
	
	
	
	
	

	
	
	12.65 self tandem
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	23.85 self tandem
	
	
	
	
	

	
	
	G.722 -> 6.6
	
	Off
	
	
	

	
	
	G.722 -> 8.85
	
	
	
	
	

	
	
	G.722 -> 12.65
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	G.722 -> 23.85
	
	
	
	
	

	
	
	6.6 -> G.722
	
	
	
	
	

	
	
	8.85 -> G.722
	
	
	
	
	

	
	
	12.65 -> G.722
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	23.85 -> G.722
	
	
	
	
	


Table 10: Speech conditions with EVS AMR-WB-io mode in tandem with AMR-WB

	Category
	Bandwidth
	net bitrate [kbps] / other constraints
	FER

	VAD/
DTX
	Requirements
	Objectives
	Notes (TR 22.813 10.0.0)

	Speech including

-clean

-noisy (car, office, babble)

-reverberant speech
	WB


	AMR-WB -> 6.6
	0%
	off
	
	
	

	
	
	AMR-WB -> 8.85
	
	
	
	
	

	
	
	AMR-WB -> 12.65
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	AMR-WB -> 23.85
	
	
	
	
	

	
	
	6.6 -> AMR-WB
	
	
	
	
	

	
	
	8.85 -> AMR-WB
	
	
	
	
	

	
	
	12.65 -> AMR-WB
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	23.85 -> AMR-WB
	
	
	
	
	


Notes: 

· For the tandem conditions with AMR-WB it is proposed that AMR-WB is operated at the same rate as the EVS codec. 
· Relevant 3GPP CS system configurations imply conditions with relevant CS (GSM/WCDMA) frame loss and residual bit error patterns. These are still tbd.
6. NB Mixed content and music

Table 1: Mixed content and music NB conditions (tandem with NB mask or G.711)

	Category
	Bandwidth
	gross bitrate [kbps] / other constraints
	FER
jitter
	VAD/
DTX
	Requirements
	Objectives
	Notes (TR 22.813 10.0.0)

	Mixed content and music
	NB


	NB mask -> 5.9 VBR
	0%, 2%, 5%
	On/

off
	
	
	

	
	
	NB mask -> 7.2
	
	
	
	
	

	
	
	NB mask -> 8.0
	
	
	
	
	

	
	
	NB mask -> 9.6
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	NB mask -> [EVS rate tbd]
	
	
	NWT NB mask direct
	
	

	
	
	5.9 VBR -> NB mask
	
	
	
	
	

	
	
	7.2 -> NB mask
	
	
	
	
	

	
	
	8.0 -> NB mask
	
	
	
	
	

	
	
	9.6 -> NB mask
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	[EVS rate tbd] -> NB mask
	
	
	NWT NB mask direct
	
	

	Mixed content and music including

-clean

-noisy (car, office, babble)

-reverberant Mixed content and music
	open design choice


	G.711 -> 5.9 VBR
	0%
	off
	
	
	

	
	
	G.711 -> 7.2
	
	
	
	
	

	
	
	G.711 -> 8.0
	
	
	
	
	

	
	
	G.711 -> 9.6
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	G.711 -> [EVS rate tbd]
	
	
	NWT G.711 direct
	
	

	
	
	5.9 VBR -> G.711
	
	
	
	
	

	
	
	7.2 -> G.711
	
	
	
	
	

	
	
	8.0 -> G.711
	
	
	
	
	

	
	
	9.6 -> G.711
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	[EVS rate tbd] -> G.711
	
	
	NWT G.711 direct
	
	


Notes: 

· The NB mask should limit the audio bandwidth to the band of 100 – 3500 Hz.
· Performance requirement should be established for all EVS codec bit rates up to a rate for which transparent behavior is required, i.e. for which the tandem coding with the EVS codec shall be statistically indistinguishable from a corresponding condition without EVS coding, indicated by [EVS rate tbd].

· For the transcoding cases with G.711 filter masks shall be used that are relevant for the respectively considered inter-connect scenario and the related terminal characteristics. This detail should be addressed in the test and processing plan.
· The codec shall be aware of the band limitation of the signal since this information can be assumed to be made available through SDP mechanisms.
7. WB Mixed content and music

Table 3: Mixed content and music WB conditions (tandem with WB mask or G.722)
	Category
	Bandwidth
	gross bitrate [kbps] / other constraints
	FER
jitter
	VAD/
DTX
	Requirements
	Objectives
	Notes (TR 22.813 10.0.0)

	Mixed content and music 
	WB


	WB mask -> 5.9 VBR
	0%, 2%, 5%
	On/

off
	
	
	

	
	
	WB mask -> 7.2
	
	
	
	
	

	
	
	WB mask -> 8.0
	
	
	
	
	

	
	
	WB mask -> 9.6
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	WB mask -> [EVS rate tbd]
	
	
	NWT WB mask direct
	
	

	
	
	5.9 VBR -> WB mask
	
	
	
	
	

	
	
	7.2 -> WB mask
	
	
	
	
	

	
	
	8.0 -> WB mask
	
	
	
	
	

	
	
	9.6 -> WB mask
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	[EVS rate tbd] -> WB mask
	
	
	NWT WB mask direct
	
	

	Mixed content and music including

-clean

-noisy (car, office, babble)

-reverberant Mixed content and music
	open design choice


	G.722 -> 5.9 VBR
	0%
	off
	
	
	

	
	
	G.722 -> 7.2
	
	
	
	
	

	
	
	G.722 -> 8.0
	
	
	
	
	

	
	
	G.722 -> 9.6
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	G.722 -> [EVS rate tbd]
	
	
	NWT G.722 direct
	
	

	
	
	5.9 VBR -> G.722
	
	
	
	
	

	
	
	7.2 -> G.722
	
	
	
	
	

	
	
	8.0 -> G.722
	
	
	
	
	

	
	
	9.6 -> G.722
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	[EVS rate tbd] -> G.722
	
	
	NWT G.722 direct
	
	


Notes: 

· The WB mask should limit the audio bandwidth to the band of 50 – 7000 Hz.
· Performance requirement should be established for all EVS codec bit rates up to a rate for which transparent behavior is required, i.e. for which the tandem coding with the EVS codec shall be statistically indistinguishable from a corresponding condition without EVS coding, indicated by [EVS rate tbd].

· For the transcoding cases with G.722 filter masks shall be used that are relevant for the respectively considered inter-connect scenario and the related terminal characteristics. This detail should be addressed in the test and processing plan.
· The codec shall be aware of the band limitation of the signal since this information can be assumed to be made available through SDP mechanisms.
8. SWB Mixed content and music

Table 5: Mixed content and music SWB conditions (tandem with SWB mask or G.722.1 [or G.719 SWB ffs])

	Category
	Bandwidth
	gross bitrate [kbps] / other constraints
	FER
jitter
	VAD/
DTX
	Requirements
	Objectives
	Notes (TR 22.813 10.0.0)

	Mixed content and music
	SWB


	SWB mask -> 13.2
	0%, 2%, 5%
	On/

off
	
	
	

	
	
	SWB mask -> 16.4
	
	
	
	
	

	
	
	SWB mask -> 24.4
	
	
	
	
	

	
	
	SWB mask -> 32
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	SWB mask -> [EVS rate tbd]
	
	
	NWT SWB mask direct
	
	

	
	
	13.2 -> SWB mask
	
	
	
	
	

	
	
	16.4 -> SWB mask
	
	
	
	
	

	
	
	24.4 -> SWB mask
	
	
	
	
	

	
	
	32 -> SWB mask
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	[EVS rate tbd] -> SWB mask
	
	
	NWT SWB mask direct
	
	

	Mixed content and music including

-clean

-noisy (car, office, babble)

-reverberant Mixed content and music
	open design choice


	G.722.1C -> 13.2
	0%
	off
	
	
	

	
	
	G.722.1C -> 16.4
	
	
	
	
	

	
	
	G.722.1C -> 24.4
	
	
	
	
	

	
	
	G.722.1C [G.719 SWB ffs.] -> 32
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	G.722.1C -> [EVS rate tbd]
	
	
	NWT G.722.1 direct
	
	

	
	
	13.2 -> G.722.1
	
	
	
	
	

	
	
	16.4 -> G.722.1
	
	
	
	
	

	
	
	24.4 -> G.722.1
	
	
	
	
	

	
	
	32 -> G.722.1C [G.719 SWB ffs.]
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	[EVS rate tbd] -> G.722.1C
	
	
	NWT G.722.1 direct
	
	


Notes: 

· The SWB mask should limit the audio bandwidth to up to 16000 Hz.

· As alternative to using ITU-T G.722.1C the use of the more recent G.719 operated with SWB limited signals could be considered, depending on what provides the better performance. It is suggested to have this question ffs.

· For the tandem conditions with G.722.1C [or G.719 SWB, ffs.] it is proposed that the respectively chosen bit rates should correspond as closely as possible to the EVS codec bit rates.
· Performance requirement should be established for all EVS codec bit rates up to a rate for which transparent behavior is required, i.e. for which the tandem coding with the EVS codec shall be statistically indistinguishable from a corresponding condition without EVS coding, indicated by [EVS rate tbd].
9. Mixed content and music without bandwidth limitations

Table 7: Mixed content and music conditions without bandwidth limitations

	Category
	Bandwidth
	gross bitrate [kbps] / other constraints
	FER
jitter
	VAD/
DTX
	Requirements
	Objectives
	Notes (TR 22.813 10.0.0)

	Mixed content and music
	open design choice


	5.9 VBR
	0%, 2%, 5%
	On/

off
	
	
	

	
	
	7.2
	
	
	
	
	

	
	
	8.0
	
	
	
	
	

	
	
	9.6
	
	
	
	
	

	
	
	13.2
	
	
	
	
	

	
	
	16.4
	
	
	
	
	

	
	
	24.4
	
	
	
	
	

	
	
	32
	
	
	
	
	

	
	
	48
	
	
	
	
	

	
	
	64
	
	
	
	
	

	
	
	96
	
	
	
	
	

	
	
	128
	
	
	
	
	


Note: 

· Performance requirement should be established for all EVS codec bit rates up to a rate for which transparent behavior is required, i.e. for which the EVS codec has to provide a performance that is statistically not worse than an uncoded SWB reference condition. 

10. Mixed content and music with EVS AMR-WB-io mode
Table 8: Mixed content and music conditions with AMR-WB-io mode (single coding)
	Category
	Bandwidth
	net bitrate [kbps] / other constraints
	FER BER

	VAD/
DTX
	Requirements
	Objectives
	Notes (TR 22.813 10.0.0)

	Mixed content and music 
	WB


	6.6
	0%, 2%, 5%


	On/

off
	
	
	

	
	
	8.85
	
	
	
	
	

	
	
	12.65
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	23.85
	
	
	
	
	

	
	
	Enc@6.6
->AMR-WB-Dec
	
	
	
	
	

	
	
	Enc@8.85
->AMR-WB-Dec
	
	
	
	
	

	
	
	Enc@12.65
->AMR-WB-Dec
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	Enc@23.85
->AMR-WB-Dec
	
	
	
	
	

	
	
	AMR-WB-Enc@6.6
->EVS-Dec
	
	
	
	
	

	
	
	AMR-WB-Enc@8.85
->EVS-Dec
	
	
	
	
	

	Mixed content and music including

-clean

-noisy (car, office, babble)

-reverberant Mixed content and music
	open design choice


	AMR-WB-Enc@12.65
->EVS-Dec
	
	On/

off
	
	
	

	
	
	…
	
	
	
	
	

	
	
	AMR-WB-Enc@23.85
->EVS-Dec
	
	
	
	
	


Table 9: Mixed content and music conditions with EVS AMR-WB-io mode (tandem with G.722)

	Category
	Bandwidth
	net bitrate [kbps] / other constraints
	FER

	VAD/
DTX
	Requirements
	Objectives
	Notes (TR 22.813 10.0.0)

	Mixed content and music 
	WB


	G.722 -> 6.6
	0%
	Off
	
	
	

	
	
	G.722 -> 8.85
	
	
	
	
	

	
	
	G.722 -> 12.65
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	G.722 -> 23.85
	
	
	
	
	

	
	
	6.6 -> G.722
	
	
	
	
	

	
	
	8.85 -> G.722
	
	
	
	
	

	
	
	12.65 -> G.722
	
	
	
	
	

	
	
	…
	
	
	
	
	

	
	
	23.85 -> G.722
	
	
	
	
	


Notes: 

· Relevant 3GPP CS system configurations imply conditions with relevant CS (GSM/WCDMA) frame loss and residual bit error patterns. These are still tbd.
