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1	Summary
In this document we reflect on the high noise intelligibility results from NTIA Report 15-520 (TDoc S4-151231) and how these should influence the SA4 decision on the codec for MCPTT.
From this review we conclude that intelligibility in high noise increases naturally with bit rate and coded bandwidth and in this sense it mirrors what was demonstrated for audio quality during the EVS Characterization phase.
Text for inclusion in the MCPTT TR 26.879 is proposed.
We may also conclude that where wider audio bandwidths are available at any given bit rate these should be used in order to maximize both audio quality and intelligibility in high noise. This naturally leads to a recommendation that the EVS Codec should be used since this codec has the widest audio bandwidth of the 3GPP codecs at any bit rate of operation.
2	Results from NTIA Report 15-520 [1]
The high noise intelligibility results in NTIA Report 15-520 [1] provide valuable additional information for the selection of the codec for MCPTT. 
The report provides intelligibility scores, as measured with the Modified Rhyme Test (MRT) methodology, across a range of noise conditions for different codecs, bit rates and bandwidths but for SA4 only 3 codecs are really of direct interest; namely AMR, AMR-WB and EVS although the benchmarks of Analogue FM and the P25 codec are of interest. It is worth noting that these results are error free and will obviously be influenced by the relative error resilience of the codecs in question.
Although not presented in [1], Figure 1 shows an average of the MRT scores across the noisy environments; “Saw” (0 dB SNR), “Club” (+5 dB SNR), “Coffee” (+5 dB SNR) and “Siren” (0 dB SNR) but omitting the “Quiet” condition and the “Alarm” condition. The “Alarm” condition, while clearly important, was noted as a corner-case in [1] and it was recommended that it might be better handled by fixed acoustic filtering in the handset. The “Quiet” condition has been omitted to focus the results on noisy conditions. 
From Figure 1, it is clear that wider bandwidths provide higher intelligibility and it is also clear that higher bit rates provide higher intelligibility. Additionally though, for any given bit rate the widest audio bandwidth available provides the best intelligibility. 

Figure 1: Average MRT Scores across conditions Saw, Club, Coffee and Siren (No Alarm or Quiet)
Comparing Figure 1 to the audio quality curves in Figure 2 below taken from [2], obtained during the EVS Characterization Exercise, we see similar trends with SWB in Figure 2 replacing the FB in Figure 1. 
There is one notable exception, and that is that in Figure 1 the performance gain of EVS NB over AMR and EVS-WB over AMR-WB is no longer evident. This is not an indicator of poor performance by EVS but is simply a manifestation of two issues; firstly, the well-established observation that at high noise levels the bit rate of the codec dominates the performance for a given bandwidth and secondly the use of VAD/DTX/CNG for the EVS 5.9kbps VBR modes when all of the other codecs were used without. The more than 10% bit rate difference between AMR-WB (6.6 kbps) and EVS (5.9 kbps) explains some of the difference between these two wideband coding curves at their lower bit rate ends in such high noise. Additionally though, having the key focus for the intelligibility test at the end of each sentence, while obviously perfectly ok without DTX, ends up punishing any early switch from speech to noise by the VAD, when DTX is applied, confounding the results. It's also worth noting that AMR-WB 6.6 kbps was omitted from the subjective testing of Figure 2, and other tests during the EVS Characterization, principally due to its poor perceptual audio quality (See Figures 11 & 12 of [3], MCPTT TR 26.879).
It is also worth noting that the P25 codec’s intelligibility in Figure 1, with a bit rate of 4.4 kbps, also performs close to an extrapolation of the NB curve for EVS-NB and AMR and it would be reasonable to assume that the TETRA codec is likely to perform similarly and in line with expectations based upon its bit rate of 4.567 kbps. 
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Figure 2: Mixed Bandwidth Subjective Quality Assessment from [2]
For MCPTT applications, intelligibility in high noise environments is clearly of importance and, based upon these results the EVS Codec operating in its maximum supported audio bandwidth at each bit rate, is the natural choice to ensure maximum intelligibility. It is also clear that DTX is not desirable for PTT group-calls.
3	Text Recommendations
It is recommended that a new subclause 5.1.2 be added to the MCPTT TR 26.879 as follows and the other sub-clauses renumbered accordingly
5.1.2	Review of Codec Alternatives and their Relative Intelligibility in High Noise Environments
It is recommended that the text of Clause 2 of this contribution be included here along with reference [1]. 
Note: Figure 2 is not required as it is included already as Figure 13 a & Figure 13 b in subclause 5.1.1.4.
4	Discussion & Conclusions
It should be obvious, but worth restating, that MCPTT is aimed at public safety employees who are reliant upon it for their communications on a 24/7 basis - often with their lives and those of others at stake. It would therefore, in the view of source, be a big mistake for 3GPP to mandate a codec for MCPTT with demonstrably second-rate (or worse) intelligibility or audio quality. 
The NTIA study omitted radio channel impairments but the EVS codec has already been shown to provide superior performance in the presence of frame erasures to both the other 3GPP codecs and to state-of-the-art codecs.
The EVS codec provides the benefits of higher quality and greater naturalness which along with greater intelligibility will lead to reduced listener fatigue due to long duration listening by MCPTT users and dispatchers alike.
DTX is primarily designed to improve efficiency in duplex voice calls where usually only one person is speaking at once. Hence, when it's invoked there's a clear drive for, or an emphasis on, transmission efficiency. In group-calls the PTT itself will markedly reduce the efficiency gains that DTX can deliver and when the focus is on high intelligibility the additional emphasis on transmission efficiency is likely to be in conflict. In one-to-one calls or telephone interconnect calls where there's a duplex audio connection and a chance to correct any misunderstandings due to VAD/DTX speech clippings VAD/DTX is justified but not for PTT group calls.
The EVS Codec operating in its maximum supported audio bandwidth at each bit rate should be employed, and hence mandated, for MCPTT to ensure maximum intelligibility. When in PTT group-call mode, DTX should not be employed.
This contribution also shows though that intelligibility in high noise environments, as measured with the MRT, is highly correlated with the audio subjective quality evaluations conducted during the EVS Characterization. Audio subjective quality evaluations are also however able to resolve differences between the 3GPP codecs that the MRT evaluation described in NTIA Report 15-520 [1] was unable to do. 
For future codec evaluations, SA4 can therefore be confident that evaluations based upon audio subjective quality are sufficient to extrapolate results to intelligibility as results are highly correlated to intelligibility, as measured with the MRT in high noise environments.
It is also notable that the original ETSI TETRA codec (ACELP 4.567 kbps) was selected and characterized based upon subjective quality assessment rather than intelligibility – See Annexes C & D of [4].
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