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1	Summary
In this document we analyse the available testing data from independent characterization tests to benchmark the perceptual quality of the P25 codec compared to the 3GPP AMR and EVS codecs. 
From this analysis we conclude that not only is the performance of the P25 Codec likely to be noticeably inferior to all of the EVS NB codec modes in noise and noticeably inferior to the EVS NB codec modes at or above 8kbps in quiet conditions, it is also inferior to the higher bit rate modes of the AMR Codec. Wideband, super wideband and fullband coding with AMR-WB and EVS will obviously provide even greater gains in perceived quality, intelligibility and radio resource efficiency.
Text for inclusion in the MCPTT TR 26.879 is proposed.
2	On the Perceptual Quality of the P25 Codec
The APCO Project 25 (P25) Enhanced Full Rate speech codec uses the proprietary AMBE+2™ algorithm developed by DVSI Inc (http://www.dvsinc.com/) based upon the Multi-Band Excitation (MBE) paradigm with 20ms frames. The codec was selected in 2005 and represents the current state-of-the-art P25 codec. The bit rate of the codec is 4.4 kbps and it is combined with 2.8 kbps Forward Error Correction data for transmission over the P25 air interface.
Independent test results comparing the quality of P25 Enhanced Full Rate speech codec to 3GPP codecs are not readily available but the intelligibility of the codec has been recently compared to Analogue FM and the AMR codec operating at 7.4 kbps and 12.2 kbps [1] and the results published by the US National Telecommunications and Information Administration (NTIA).
According to the Modified Rhyme Tests (MRTs) conducted as part of [1]…
“In summary, AMR12.2 speech intelligibility may be above, the same as, or below Analog intelligibility, depending on the environment. AMR12.2 intelligibility is always above or the same as P25 intelligibility. AMR7.4 speech intelligibility may be the same as or below the Analog intelligibility depending on the environment. AMR7.4 intelligibility is above or the same as P25 intelligibility in all environments except Environment 1 [Silent background].”
From this evaluation and assuming that intelligibility may be used as a primary indicator of audio quality, it would seem reasonable to assume that the quality of the P25 Enhanced Full Rate speech codec in clean conditions lies somewhere between the quality of AMR operating at 7.4 kbps and 12.2 kbps, but in background noise the performance is on a par with or slightly below the quality of AMR operating at 7.4 kbps.
Referring to the Characterization Results for EVS reproduced in subclause 5.1.1.2 and Figures 2 to 6 (of [3]) taken from [2], it can be seen that the EVS Codec operating in NB modes achieves quality similar to, or better than, AMR 12.2 kbps in clean conditions at bit rates around 8kbps whereas the quality of AMR 7.4 kbps is achieved or exceeded by all bit rates of the EVS Codec operating in NB modes. 
It can therefore be confidently predicted that the intelligibility and perceptual quality of the P25 Enhanced Full Rate speech codec is going to be noticeably inferior to all of the EVS NB codec modes in noise and noticeably inferior to the EVS NB codec modes at or above 8kbps in quiet conditions. It is also clear from subclause 5.1.1.4 (of [3]) that AMR-WB and the WB, SWB and FB modes of EVS  are capable of significantly improving not only the quality, but also the intelligibility, of any MCPTT system when compared to narrowband communication systems such as TETRA and P25. The increased intelligibility of the wider audio bandwidths are also available at bit rates approaching the lower bit rates of AMR with the EVS codec i.e EVS Wideband VBR (nominally 5.9 kbps) and 7.2 kbps compared to AMR 4.75, 5.9, 6.7 and 7.4 kbps. This feature of the EVS codec simultaneously satisfies the requirements for improved intelligibility and for radio resource efficiency given in subclauses 5.14, 6.15.5 and 6.15.6 of [4].
3	Text Recommendations
It is recommended that the text of sub-clause 5.1.1.1 be altered as follows and a new sub-clause 5.1.1.6 be added…
5.1.1.1	Overview of the 3GPP Codec Comparison
The EVS Selection and Characterization Phase Test Results provided in the main body and Annex D of TR 26.952 [3] give a detailed assessment of the performance of the EVS Codec in realistic scenarios compared to both AMR and AMR-WB. A summary of this comparison is provided in the next two sub-clauses. 
In the fourth sub-clause the relative performance of different audio bandwidths coded with AMR, AMR-WB and EVS is provided showing that the SWB modes of EVS outperform the WB and NB Primary modes of EVS, AMR-WB and AMR.
In the fifth and sixth sub-clauses, a review of the TETRA and P25 codec performance in comparison to the 3GPP Codecs is provided.
5.1.1.6	Comparison of the 3GPP Codecs to P25
It is recommended that the text of Clause 2 of this contribution be included here and reference [1] added to the references list. 
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