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1	Summary
In this document we analyse the available subjective testing data from reputable characterization tests in ETSI and 3GPP documents to benchmark the perceptual quality of the TETRA codec compared to the 3GPP AMR and EVS codecs. 
From this analysis we conclude that not only is the performance of the TETRA Codec noticeably inferior to any of the EVS NB Codec modes, it is also inferior to any of the 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 TETRA ACELP Codec
The details of the TETRA codec may be found in ETSI EN 300 395-2 [1]. The bit rate of the TETRA codec is 4.567 kbps and it makes use of the ACELP paradigm and 30ms frames. At the time of its selection in 1993, the TETRA ACELP codec represented the state-of-the-art in low bit rate speech codecs and it was well adapted to its specific application and the TETRA 4:1 TDMA air interface.
According to the Characterization tests conducted during the standardization of the TETRA ACELP codec which are also provided in [1]…
“For clean speech at a nominal input level of -22 dB the average Q value obtained for the TETRA codec is 13,0 dB for the linear input condition and 16,5 dB for the IRS input condition. For comparison purposes the corresponding values obtained for the Global System for Mobile communications (GSM) full-rate codec are 17,4 dB and 18,9 dB respectively.”
These differences in dBQ are reproduced below (from [1]) in Tables 1 & 2 for various input signals.
From Tables 1 & 2 it is clear that the TETRA codec is consistently inferior to the original GSM Full Rate Speech Codec of the order of 2.4 – 4.4 dBQ.


Table 1: TETRA vs GSM TCH-FS for A-Law IRS Input Signals
	
	TETRA ACELP
(Nominal Level)
(dBQ)
	GSM TCH-FS
(Nominal Level)
(dBQ)

	Quiet
	16.5
	18.9

	Vehicle -10dB
	4.1
	5.2

	Vehicle -20dB
	9.5
	10.5

	Office -10dB
	7.2
	8.7

	Office -20dB
	11.4
	11.7



Table 2: TETRA vs GSM TCH-FS for FLAT Input Signals
	
	TETRA ACELP
(Nominal Level)
(dBQ)
	GSM TCH-FS
(Nominal Level)
(dBQ)

	Quiet
	13.0
	17.4

	Vehicle -10dB
	6.5
	10.0

	Vehicle -20dB
	9.3
	14.7

	Office -20dB
	9.4
	14.6



Since the selection of the TETRA speech coding standard in 1993, firstly SMG, and latterly 3GPP, has developed several generations of codec upgrades for NB speech; firstly the Enhanced Full-Rate Codec (EFR), then the Adaptive Multi-Rate codec (AMR) which included the EFR as the 12.2 kbps mode and most recently the EVS codec. Each of these developments has provided clear and measurable quality improvements over the generation that went before. 
[image: ]
Figure 1: (Figure 5.4 from [2]): AMR Family of Curves for Experiment 1b (Clean Speech in Half Rate)
Examining the performance gains of GSM EFR (= AMR 12.2 - ETSI ETR 305 or GSM 06.55 [3]) over the GSM Full Rate Codec it is clear that EFR significantly outperformed the GSM Full Rate Codec in all tests [3]…
“The EFR codec is better than the actual FR codec for clear speech, for all error conditions (EP1, EP2 andEP3) and for tandeming under error EP1; it is equivalent to G.728 for its intrinsic quality, for background noise conditions and talker dependency.”
Considering GSM AMR (ETSI TR 126 975 [2]), from Figure 1 (Figure 5.4 of [2]) it can be seen that all of the AMR coding modes are at least as good as the GSM Full Rate Codec for clean speech [2]. Data is somewhat lacking on noisy speech performance with AMR in [2] but it can be reasonably expected that In noisy speech, the higher bit rates of AMR would exceed the performance of GSM FR due to the increasing similarity with EFR but that the margin would diminish at lower bit rates. However, all of the bit rates of the AMR modes exceed the 4.567 kbps of TETRA.
It can therefore be confidently concluded that the overall perceptual quality of the TETRA Codec will be inferior to that of any mode of the AMR codec. 
Such a conclusion is anecdotally supported by the adoption of the AMR 4.75 kbps codec as a codec upgrade to TETRA during the development of the TETRA-2 feature set.
[bookmark: _GoBack]From the EVS Characterization results in TR 26.952 [4] (reproduced in S4-150779 [5] and in sub-clause 5.1.1.2 of the latest draft of TR 26.879 v.0.2.0 [6]) the comparisons between AMR & EVS show an improvement for the EVS codec over all of the coding modes of AMR. 
It can therefore be confidently concluded that the perceptual quality of the TETRA Codec is going to be noticeably inferior to any of the EVS NB codec modes. It is also clear from subclause 5.1.1.4 (of [6]) 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 [7].
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 5.1.1.5 is 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 sub-clause, a review of the TETRA codec performance in comparison to the 3GPP Codecs is provided.
5.1.1.5	Comparison of the 3GPP Codecs to TETRA
It is recommended that the text of Clause 2 of this contribution be included here and references [1], [2] & [3] added to the references list. 
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Figure 5.3: AMR half rate/clean speech performances curve
(Best AMR Codec vs. EFR vs. GSM FR vs. GSM FR vs. Performance Requirements)
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Figure 5.4: Family of curves for Experiment 1b (Clean Speech in Half Rate)

The AMR Characterization test results showed that the selected solution complies with the AMR requirements in clean
speech in Half Rate Channel. The results demonstrate that the combination of all 6 speech codec modes provide a Half
Rate speech codec equivalent to the ITU G.728 (16 kbit/s) speech codec down to 16 dB C/I. Furthermore, the results
show that AMR can provide significantly better performances than GSM FR in the full range of test conditions, and
significantly better performances than the GSM HR codec down to 7 dB C/I.

The four highest codec modes (7.95, 7.4, 6.7 and 5.9) were found significantly better than the GSM FR in error free
conditions down to 13 dB C/I and at least equivalent to the EFR at 10 dB C/I down to 16 dB C/I. The three highest
modes (7.95, 7.4 and 6.7) are equivalent to the error free EFR in very low error conditions. The two lowest modes were
found at least equivalent to the GSM FR over the full range of test conditions.
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