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1	Summary
In this document the sources reflect on the benefits of the EVS Codec for use in MCPTT. Examining codec performance alone, it is clear that the best solution for MCPTT is the EVS codec. The key benefit of improved audio quality translates to better speech intelligibility and reduced listening effort and fatigue for all users.
Both the additional complexity of EVS and the implementation risk of a new codec have been presented as arguments in favour of AMR-WB rather than EVS but these bear little scrutiny.
It is therefore natural that the EVS Codec operating in its maximum supported audio bandwidth at each bit rate should be mandated for MCPTT to ensure maximum intelligibility and lowest listening effort. 
2	Features and Benefits of the EVS Codec
In low-to-moderate background noise environments the EVS codec demonstrably provides the best audio quality of all of the 3GPP Codecs at a given bit rate of operation and frame erasure rate [1]. Furthermore this superiority is achieved either when operating with the same audio bandwidth or by providing wider audio bandwidths such as Super-Wideband (SWB) or Fullband (FB). The EVS Narrowband (NB) coding modes outperform AMR in terms of quality and frame erasure performance, the EVS Wideband (WB) coding modes outperform AMR-WB in terms of quality and frame erasure performance and the EVS SWB and FB modes outperform both AMR and AMR-WB.
It has been argued that the gains in audio quality provided by EVS in low-to-moderate background noise environments are of little importance for MCPTT users. Such claims bear very little scrutiny and the sources believe that they are incorrect.
Firstly, listening effort and fatigue, particularly for MCPTT Dispatchers, will be eased significantly by the better quality audio and greater intelligibility due to the wider audio bandwidth provided by EVS in these environments. Wider audio bandwidths preserve more of the unvoiced and consonant sound energy that is so crucial to understanding and intelligibility. Consonants typically occupy the frequency range from 4 to 14 kHz which is only partially covered by WB codecs [2, 3].
The significant increases in audio quality and intelligibility due to the enhanced frame erasure performance of EVS will also contribute greatly to this reduced listening effort and fatigue when callers are in buildings or at the edge of coverage in on-network or off-network use. Dispatcher fatigue is a recognized issue and, whilst there are many contributory factors, this issue should not be underestimated when considering the choice of an MCPTT codec. Improved intelligibility will naturally reduce the cognitive load necessary to understand what’s being said or requested.
Secondly, high noise environments affect both legs in a speech communication system equally. Recent evaluations performed for US DoC [4] have concentrated solely on the understanding of noisy speech but what about the listener in a noisy environment attempting to understand the speech from other users or the Dispatcher? Here, it is quite clear that the benefits of the enhanced quality and intelligibility provided by the EVS codec in low-to-moderate background noise environments will be an advantage, reducing the cognitive load required for understanding at the “sharp end” of the public safety organization as well as in the Control Room.
It is well known that when the speech SNR due to acoustic noise is low enough then all codecs at a given audio bandwidth and bit rate perform equally well, or indeed poorly, and this was demonstrated in NTIA Report 15-520 [4]. However, NTIA Report 15-520 also indicated that wider bandwidths provide an advantage at a given bit rate but due to experimental uncertainties this was inconclusive. The statistical data from NTIA Report 15-520 has been analysed further in TDoc S4-160113 and shows that when averaged across four noise types the EVS codec is capable of providing improved intelligibility over AMR and AMR-WB in high acoustic noise environments through operation with wider audio bandwidths.
3	Discussion & Conclusions
Examining codec performance alone, it is clear that the best solution for MCPTT is the EVS codec.
The additional complexity of EVS and the implementation risk of a new codec have been mentioned as arguments in favour of AMR-WB rather than EVS. The EVS Codec operating in SWB, in the presence of significant numbers of frame erasures, requires just 69% more computation than AMR-WB. It should be pointed out that this complexity increase is just for the codec and its impact on talk-time is significantly diluted when RF transmit power, audio power amplifier and smart-phone display backlighting power consumptions are taken into account.
It is also worth pointing out that GSM and 3GPP has introduced 5 new codecs since the original TCH-FH GSM codec (Half-Rate, EFR, AMR, AMR-WB and EVS) and so is a well-trodden process in contrast to the traditional public safety systems such as TETRA and P25 where new codecs were standardized but rarely introduced in practice. It is also noteworthy that both TETRA and P25 adopted new untested codecs in the TETRA ACELP and DVSI AMBE codecs and both of these systems were successfully deployed despite this.
The EVS Codec operating in its maximum supported audio bandwidth at each bit rate should be deployed, and hence mandated, for MCPTT to ensure maximum intelligibility and lowest listening effort. 
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