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Introduction

The VoLTE Enhancement Study Item [1] includes the following objectives:
The objective of this study item is to investigate the potential RAN enhancements to:

· enable VoLTE/video codec mode and codec rate selection and change over E-UTRA;
· improve the VoLTE/video  quality perceived by the user by reducing packet loss or allowing the use of higher codec rate;
· prioritize VoLTE/video access and/or VoLTE/video related signaling and reduce call drop probability;
This contribution provides background on the enhanced error resiliency of the Enhanced Voice Services (EVS) codec that should be considered when studying mechanisms for enhancing VoLTE services.

EVS Channel-Aware Mode
Description
EVS offers partial redundancy based error robust channel aware mode at 13.2 kbps for both wideband and super-wideband audio bandwidths.

In a VoIP system, packets arrive at the decoder with random jitters in their arrival time. Packets may also arrive out of order at the decoder. Since the decoder expects to be fed a speech packet every 20 ms to output speech samples in periodic blocks, a de-jitter buffer is required to absorb the jitter in the packet arrival time. The channel aware mode combines the presence of a de-jitter buffer with partial redundancy coding of a current frame which gets piggy-backed onto a future frame. At the receiver, the de-jitter buffer is polled to check if a partial redundant copy of the current lost frame is available in any of the future frames. If present, the partial redundant information is used to synthesize the lost frame which offers significant quality improvements under low to high FER conditions. Source control is used to determine which frames of input can best be coded at a reduced frame rate (called primary frames) to accommodate the attachment of redundancy without altering the total packet size. In this way, the channel aware mode includes redundancy in a constant-bit-rate channel (13.2 kbps).

The spacing between the packet containing the primary frame and the future packet containing the partial redundant frame determines the maximum burst error length that the error resiliency mechanism can correct.  This spacing is configurable but defaults at 3 frames.

Performance
Speech Quality
The characterization of the EVS Channel Aware performance is described in clause 11.2 of [3].  Some of the key results are copied below.

As described in clause 11.2.1 of [3], Characterization Experiment S1 is conducted to evaluate the EVS codec SWB clean speech performance under clean channel and impaired channel conditions. Experiment S1 is conducted in two different listening labs in North American English language (Figure 11.10(a)) and in Danish language (Figure 11.10(b)).

Figure 11.10(a, b) shows the EVS-SWB channel aware mode performance at 13.2 kbps under clean channel as well as under five different delay/loss profiles (Profiles 5, 7, 8, 9, and 10) simulating impaired channel characteristic with varying delay and jitter. In both the languages, i.e., in North American English Figure 11.10(a) and in Danish (Figure 11.10(b)), the EVS-SWB performance under impaired channel with channel aware mode enabled is significantly better than the EVS-SWB without channel aware mode as well as the Reference codecs. The Reference codecs shown in Figure 11.10(a, b) include AMR-WB at 23.85 kbps, EVS AMR-WB-IO at 23.85 kbps, and the EVS-SWB non-channel aware mode at 13.2 kbps.
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Figure 11.10: Experiment S1, testing EVS-SWB channel aware mode performance under clean and impaired channel conditions. (a) North American English language, (b) Danish language
Figure 11.10(a, b) indicate that compared against AMR-WB/EVS AMR-WB-IO modes, the subjective quality performance gap with EVS-SWB Channel Aware mode increases from about 0.3 DMOS to 0.75 DMOS when tested across lower to higher frame erasure rates (e.g. Profile 7 through Profile 10). In clean channel condition, the EVS-SWB channel aware mode at 13.2 kbps performs significantly better than AMR-WB / EVS AMR-WB IO at its highest bit rate of 23.85 kbps.
As described in clause 11.2.4 of [3], Characterization Experiment S1_Noisy was conducted to evaluate the EVS codec SWB noisy speech performance under clean channel and impaired channel conditions, in North American English language.

Figure 11.17 shows the EVS-SWB channel aware mode performance at 13.2 kbps under clean channel as well as under five different delay/loss profiles (Profiles 5, 7, 8, 9, and 10) simulating impaired channel characteristic with varying delay and jitter. The EVS-SWB performance under impaired channel with channel aware mode enabled is significantly better than the EVS-SWB without channel aware mode as well as the reference codecs. The reference codecs shown in Figure 11.10(a, b) include AMR-WB at 23.85 kbps, EVS AMR-WB-IO at 23.85 kbps, and EVS-SWB non-channel aware mode at 13.2 kbps.
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Figure 11.17: Experiment S1_Noisy, testing EVS-SWB channel aware mode performance in noisy speech (car noise at 15 dB) under clean and impaired channel conditions, with North American English language
Observations from characterization experiment S1 can be extended to S1_Noisy (Figure 11.17) test as follows:

When compared against AMR-WB/EVS AMR-WB-IO modes, the subjective quality performance advantage with EVS-SWB channel aware mode increases from about 0.3 DMOS to 0.75 DMOS when tested across lower to higher frame erasure rates (e.g. Profile 7 through Profile 10). In clean channel condition and noisy speech, the EVS-SWB channel aware mode at 13.2 kbps achieves subjective quality comparable to that of AMR WB and EVS AMR-WB-IO mode at its highest bit rate of 23.85 kbps.
Speech Intelligibility
The intelligibility tests described in clause 5.2.1.1 of [5] show how the error resiliency feature of EVS Channel Aware mode significantly improve the speech intelligibility compared to AMR-WB.  Note that 3GPP SA4 agreed to [5] for inclusion into the next version of [4].  Figure 5.1.2.1-4 of [5] shows the P.INTELL speech intelligibility scores for AMR-WB and EVS SWB-CA at FERs 2%, 8%, and 20%. It can be noted that, 
· At a given FER, the EVS SWB CA is “statistically significantly better than (BT)” AMR-WB (as further elaborated below). 
· EVS-SWB CA at FER 8% is “statistically no worse than (NWT)” AMR-WB at FER 2% (as further elaborated below).
· AMR-WB at FER 8% MBMS bearer is “statistically worse than” AMR-WB at FER 2% (as further elaborated below).
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Figure 5.1.2.1-4 Statistical analysis 
Clause 5.1.2.1.1 of [5] go on to describe how this equivalence in speech intelligibility between AMR-WB @ 2%FER and EVS-CA @ 8%FER can be used to improve the coverage or range of the voice service.
Conclusion and Recommendations
Consider the error resiliency improvement provided by EVS Channel Aware mode when studying how to enhance VoLTE services.
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