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1. Abstract
This contribution makes a proposal on performance requirements of the mandatory VAD/DTX/CNG scheme of the EVS codec. The contribution suggests both quality requirements and efficiency requirements with regards to the achievable transmission savings that shall be met. Besides the actual requirements the sources also provide a proposal on a simplified measure for the VAD/DTX efficiency assessment. A discussion of suitable reference codecs for the quality requirements is also given. 
2. Discussion
The general purpose of DTX operation is the saving of scarce transmission resource in order to increase network capacity and the saving of limited battery in UEs in order to increase operation time. The EVS WID recognizes the importance of DTX operation by requiring to specify a VAD/DTX/CNG scheme. It is a target of the work item to provide a VAD/DTX/CNG scheme that is in line with achieving the WID objectives of both quality and capacity improvements with the EVS.
For the EVS codec standardization this means that there have to be suitable performance requirements for the VAD/DTX/CNG scheme of the EVS codec. These performance requirements have to be related to quality and to the efficiency of the DTX scheme. The efficiency of a DTX scheme can be measured by assessing the channel activity factor (CAF) obtained with it. Below this document proposes a simple definition of the CAF that is suitable for comparison of competing proposals against each other and against reference systems. 
The quality performance is assessed in relation to quality requirements or objectives. Generally, it is expected that VAD/DTX/CNG operation should not lead to quality degradations compared to operation without DTX. While this is clearly possible for clean speech, the situation is more complicated for background noise cases. Here, it is for some kinds of background noise conceptually not possible for any CNG system to provide a perceptually transparent representation given the bit-rate and frame rate limits defined for SID frames. Hence, even if the quality during active speech is not affected by the VAD/DTX/CNG operation, overall that operation may lead to significant perceptual differences compared to operation without DTX. While background noise may be regarded as irrelevant information in a strict telephony context, its proper representation may still be important if perceptual transparency is the evaluation criterion. It is therefore important to distinguish with the quality requirements and objectives between cases where the focus is capacity optimized operation with some possible compromise on the fidelity of background noise representation or if the focus is quality with some possible compromise on the efficiency of the DTX operation. The source believes such a distinction should be made when defining the performance requirements of the VAD/DTX/CNG scheme of the EVS codec.
Of further relevancy for the definition of quality requirements and objectives in light of this discussion is the choice of the performance references. There are the following options that can be considered; we provide some discussion on each of them: 
· Same performance reference as for operation without DTX

· Suitable for clean speech requirements/objectives.

· Less suitable as a strict requirement for certain kinds of background noise, which cannot be modelled adequately by DTX/CNG systems. The fundamental perceptual difference of the background noise representation achievable with a DTX/CNG system may make quality comparisons difficult or meaningless. 

· However, useful for objectives and/or for information that can be derived during characterization.

· Same performance reference as for operation without DTX, but reference codec operated with DTX

· Requirements/objectives based on such reference condition can rely on the fact that characterization of the relevant reference codecs (AMR/AMR-WB) has proven that operation with and without DTX perform statistically equivalently, at least for a set of noise types. Requirements with reference codecs with DTX are conceptually safe since they compare to other systems with DTX operation. This is since the systematic difficulty of DTX/CNG systems to properly reproduce certain background noise kinds affects the reference condition in the same way as the CuT.

· Suitable for noisy speech requirements/objectives.

· Performance references with self-referencing to same CuT condition without DTX

· Systematically problematic as a requirement or an objective since the fulfilment is not directly related to an absolute and codec independent quality level. Thus, this metric is not suitable for ranking of competing proposals. 

· Less suitable as a requirement/objective for certain kinds of background noise, which cannot be modelled adequately by a DTX/CNG system. Same reasoning as above.

· However, potentially useful for objectives and/or for information that can be derived during characterization.
3. CAF definition

The channel activity factor is a measure of the efficiency gain achieved by the DTX operation. Relevant for the assessment of the efficiency is the number of transmitted packets and their size. However, given that all candidate codecs to be compared will use the same bit rate during active speech, the same bit rate (at least on transport level) for comfort noise updates (SID) and the same maximum SID frame update rate of 1/8, a suitable and simple definition of the CAF for the context of the EVS codec standardization is to just count the number of transmitted active speech packets and to normalize it by the number of packets that are to be transmitted without DTX operation:

CAF = (# packets containing active speech) / (# packets in DTX-off operation)  
It is suggested to utilize CAF figures that represent the average over entire test sets, as defined below. 

It is to be noted with this simplified CAF definition that it assumes that all candidates would use the same (maximum) SID update rate. This is a useful simplification since it may be difficult to assess the exact capacity impact of SID packets in relation to speech packets. The simplification avoids accounting for each actually transmitted SID packet together with its specific transmission cost compared to the transmission cost of speech packets.     
4. Proposed test sets and associated requirements and objectives

This section defines test sets with different kinds of input signals for which quality and CAF requirements and objectives should be specified and evaluated. For each of the sets requirements and objectives are proposed such that reference is made to the corresponding requirements and objective for codec operation without DTX. While requirements and objectives should exist for any kind of codec operation in terms of bit rate and bandwidth it is not suggested to verify all of them during qualification or selection. For qualification it is proposed to verify only a subset of the requirements (both quality and CAF); for selection a further subset of quality requirements/objectives could be evaluated whereas all CAF requirements/objectives should be assessed. The check of the remaining requirements and objectives should be left for verification or characterization phases.
The proposed test sets and associated performance requirements objectives are as follows:
· Clean speech: Any rate (for which DTX is provided), any bandwidth

· VAD/DTX/CNG operation for clean speech can be assumed to fulfil strict subjective quality and strict objective channel activity requirements.

· Quality requirement: same as without DTX (reference codec without DTX)

· CAF requirement: 
· NB speech: nwt AMR, various input levels

· WB and SWB speech: nwt min(AMR, AMR-WB), various input levels

Note: In case that for practical reasons not all quality requirements can be checked, it is suggested to focus the evaluation in qualification and selection on a subset of rates only, with preference on low bit rates. The requirements and objectives at the remaining rates should then be checked during verification and characterization phases.   

· Noisy speech

· Background noise is by definition irrelevant information in a strict telephony context and should hence be coded as inactivity. Yet, its reproduction is still of significance for the perceived overall quality. However, it is conceptually not possible to model properly all kinds of background noise with a VAD/DTX/CNG system given the limits on the SID bitrate and the SID frame rate. Hence, the balance between subjective quality and the objective channel activity that can be achieved depend on whether the focus with the operation is high-efficient speech communication with possible compromises in the background noise reproduction or high-quality with possible compromises on the efficiency. It is believed that especially for very high quality operation with SWB there is no possibility for any VAD/DTX/CNG system to generate a background noise representation that has the same level of transparency as when codec with DTX operation off. 

Based on this insight it is suggested to define the following test sets for DTX performance evaluation with background noise and to establish corresponding subjective and objective requirements or objectives:   

· high-efficiency focus: Any rate (for which DTX is provided), bandwidth: NB and WB

· Quality requirement: same as without DTX, but reference codec with DTX operation, same background noise conditions (noise type, input level and SNR) as for requirement without DTX

· Quality objective: same as for requirement without DTX, reference codec without DTX operation, same background noise conditions (noise type, input level and SNR) as for requirement without DTX

· CAF requirement: 

· NB speech: nwt AMR, various input levels and SNRs

· WB speech: nwt min(AMR, AMR-WB), various input levels and SNRs 

Note: it is suggested to check these noisy speech requirements of the high-efficiency focus during qualification and selection with a priority on low bit rates (Q: <= 9.6 kbps, S: <= [tbd] kbps) that are dedicated for high-efficiency operation.
· very high-quality focus: any bit rate (for which DTX is provided), SWB

· Quality requirement: same as without DTX, but reference codec with DTX operation, same background noise conditions (noise type, input level and SNR) as for requirement without DTX

· CAF objective: nwt min(AMR, AMR-WB), various levels and SNR.

Note: Only those quality requirements will be set for which the reference codec can be operated with DTX. 

· Music and mixed: Any rate (for which DTX is provided), any bandwidth

For music and mixed content it is expected that the VAD/DTX/CNG system does not introduce any comfort noise related artifacts. This is ensured by the quality requirement defined below. It is to be noted that an objective requirement could also be stipulated according to which the rate of correctly decided active frames would be sufficiently high and ideally 100%. The source feels however that this would require imposing strict rules on the test items like that they should never contain silence or specific noise kinds that a CNG system can properly cope with. This is felt impractical.
· Quality requirement: same as without DTX (reference codec without DTX)

· CAF requirement: none
5. Conclusion
This contribution provides a set of quality and efficiency requirements and objectives for the VAD/DTX/CNG operation of the EVS codec as well as the definition of a simplified CAF measure for assessing the efficiency of VAD/DTX/CNG schemes. The requirements and objectives are structured according to content related test set allowing making them specific to the performance that should be feasible within each of these sets. 

The sources propose to adopt the suggested test set structure, the related performance requirements and objectives as well as the provided simplified CAF measure.
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