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1 Summary
In this contribution we compare the performance of the 3GPP audio codecs; AMR, AMR-WB and EVS. In all respects, the EVS codec provides significantly better performance than both AMR and AMR-WB. Super-wideband EVS services also outperform wideband and narrowband services independent of the codec being used.

Text comparing the 3GPP audio codecs is proposed for inclusion in the MCPTT TR 26.879.

2 EVS Codec Performance
2.1 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 [1] 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 a final 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.
2.2 Narrowband Comparison vs AMR
For Narrowband (NB) signals, four experiments were conducted in the EVS Selection and four in the EVS Characterization. Taken together, these results provide a complete picture of the performance of EVS with respect to AMR but the highlights are provided in Figures 1 to 5 below.
It can be seen that EVS always significantly out-performs AMR in terms of intrinsic audio quality for both speech and Mixed/Music signals. EVS is also significantly more robust to frame erasures; both randomly distributed or according to the Delay and Error profiles from TS 26.114 [2] using the EVS JBM.
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	Figure 1: EVS NB vs AMR – Speech - Random Frame Erasures - Selection
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	Figure 2: EVS NB vs AMR – Speech - Random Frame Erasures - Characterization
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	Figure 3: EVS NB vs AMR – Speech - TS 26.114 Delay & Error Profiles
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	Figure 4: EVS NB vs AMR – Music & Mixed Content - Random Frame Erasures
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	Figure 5: EVS NB vs AMR – Music & Mixed Content - TS 26.114 Delay & Error Profiles


2.3 Wideband Comparison vs AMR-WB
For Wideband (WB) signals, seven experiments were conducted during the EVS Selection and five experiments during Characterization; focused on determining the performance of the EVS Wideband Primary Modes of operation. Taken together these experiments provide unique information about the performance of EVS with respect to AMR-WB but the highlights are provided below in Figures 6 to 9.

As in the case of AMR and NB, it can be seen that EVS always significantly out-performs AMR-WB or AMR-WB/G.718IO in terms of intrinsic audio quality for both speech and Mixed/Music signals. EVS is also significantly more robust to input level and frame erasures; both randomly distributed or using the EVS JBM in conjunction with the packet delay and error profiles taken from either TS 26.114 or the new profiles defined for LTE. 

What is less clear from the frame erasure plots is that AMR-WB, in its basic form, performs significantly less well than these curves would suggest. Work in ITU-T as part of the G.718 exercise led to significant improvements to the packet loss concealment of AMR-WB (G.722.2) and these improvements are shown in Figures 10 & 11 (FER and BFER); taken from the Characterization Report of Recommendation ITU-T G.718 [3]. The enhancements achieved during the development of G.718 formed part of the justification of the EVS work item and thus it can be assumed that EVS will perform even better than suggested by Figures 7, 8 and 9.
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	Figure 6: EVS WB vs AMR-WB – Speech – Clean Channel & Levels
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	Figure 7: EVS WB vs AMR-WB – Speech - Random Frame Erasures
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	Figure 8: EVS WB vs AMR-WB – Speech - TS 26.114 Delay & Error Profiles
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	Figure 9: EVS WB vs AMR-WB – Speech – New EVS JBM Delay & Error Profiles
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	Figure 10: AMR-WB (G.722.2) vs G.718IO – Speech (American English) Figure 27 of [3]
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	Figure 11: AMR-WB (G.722.2) vs G.718IO – Speech (French) Figure 28 of [3]


2.4 Super-wideband EVS and Relationships to Other Bandwidths
Three mixed bandwidth tests were performed during the EVS Characterization and the results are shown in Figure 12. 
It is clear from Figure 12 that the Super-wideband (SWB) modes of EVS outperform the WB modes, which themselves outperform the NB modes. On the whole it is clear that these trends hold across input types and bit rates. The EVS codec can also be seen to scale well with bit rate within each bandwidth and asymptotically approaches the Direct Source (DS) in the case of SWB and progressively lower value in the cases of the reduced bandwidth signals; WB and NB.

These mixed bandwidth test results also reinforce the performance advantages of EVS compared to AMR and AMR-WB. 
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	(c) Music & Mixed Content - Chinese
	(d) Music & Mixed Content - US English

	Figure 12: EVS vs AMR and AMR-WB – Bandwidth and Bitrate Differences


3 Derived Text for MCPTT TR 26.879 [4]
5.1 Key Issue#1: Codec for MCPTT 
5.1.1 Review of Codec Alternatives and their Relative Performance

5.1.1.1 Text of Section 2.1
5.1.1.2 Text of Section 2.2

5.1.1.3 Text of Section 2.3

5.1.1.4 Text of Section 2.4

5.1.2 Recommended Requirements

5.1.2.1 General

4 References
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3GPP TR 26.952: "Codec for Enhanced Voice Services (EVS); Performance Characterization"
[2]

3GPP TS 26.114: "IP Multimedia Subsystem (IMS); Multimedia Telephony; Media handling and interaction".

[3]
ITU-T Technical Paper - GSTP-GVBR, Performance of ITU-T G.718
[4]
3GPP TR 26.879: "Mission Critical Push To Talk; Media, codecs and MBMS enhancements for Mission Critical Push to Talk over LTE"
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