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1 Introduction

The SID “Study on enhancement of VoLTE” has been agreed in RAN#71 [1] and includes the following part:
· Enhancements that improve the VoLTE/video quality perceived, focusing on (RAN1-led):

· Identify if it is possible to re-use the coverage enhancement techniques that have been already discussed in previous releases.
· Identify possible further enhanced HARQ for TTI bundling beyond Rel-12 enhancements.
In this paper, we discuss the potential solutions and provide the potential direction and evaluation principles for further study in this SID for coverage enhancements.
2 Discussion
Optimizations for voice packets have been discussed several times. In Rel-8, TTI bundling to increase the uplink transmission times and ROHC (Robust Head Compression) to reduce the overhead were specified. In Rel-12, LTE coverage enhancement for VoIP and medium data rate PUSCH and VoIP was discussed, and TTI bundling enhancement by reducing the RTT from 16ms to 12ms was specified. In addition, in Rel-13, LTE coverage enhancement for delay tolerant MTC applications was discussed and some technologies may be reused for VoLTE. 
2.1 Coverage enhancement techniques discussed in Rel-12 VoLTE
In 3GPP Rel-12, the solutions 1~4 were captured in [2]:

· Solution 1: Reduced round trip time (specified in rel-12 for VoLTE)
Reduced round trip time can bring benefits for more energy accumulation for VoIP within given delay budget. The RTT for TTI bundling was reduced from 16ms to 12ms in Rel-12 specification.
· Solution 2: Extended bundle size
Different bundle sizes including 5, 8, 10, 20 etc and flexible bundling size were discussed, all these options are targeting to utilize more TTIs transmission within the latency budget.
· Solution 3: Enhanced method to increase the time diversity
Bundled TTIs can be interleaved in time, so that PUSCH transmission spans over longer time.
· Solution 4: PUCCH format 3 structure type uplink transmission mode
TTI bundling with retransmissions involves repeating the coded bits. An alternative way of achieving repetition is to use spreading, which has the additional benefit of increasing the robustness with respect to interference. A similar structure as PUCCH format 3 could be used in order to add the spreading dimension.
Besides those captured solutions, other enhancements trying to achieving frequency diversity and transmission time extension were discussed as below:

· Solution 5: Frequency hopping

Both inter-bundle and intra-bundle hopping are studied in [3] and combined with the channel estimation accuracy increase within bundle, the gain is 1dB.
· Solution 6: Asynchronous HARQ (specified in rel-13 for narrow band)
The uplink asynchronous HARQ for TTI bundling increases the scheduler flexibility in assigning resources allowing for optimal resource usage. This mechanism was specified in Rel-13. 
· Solution 7: Optimal reuse of HARQ process resources
The optimal reuse of HARQ process resources was proposed in order to reuse the existing and available HARQ process, for transmission of the replicas of the same transport block (TB) from a certain HARQ process [4].
2.2 Coverage enhancement techniques discussed in Rel-13 eMTC
The main objective of Rel-13 eMTC is to significantly extend the LTE coverage for the M2M use cases of devices deployed deep inside buildings, for the traffic type of infrequent small burst transmissions, with delay tolerant character. Although the traffic QoS requirement is very different from that one of VoLTE, some solutions, especially the solutions for PUSCH, should be considered  for VoLTE SID. Those enhancements were captured in [5]:
· Solution 8: Repetition (specified in rel-13 for narrow band)
In the eMTC study, evaluations showed that increasing repetition time can achieve the coverage enhancement target, but the precondition is that the traffic is delay tolerant. In rel-12 WID, it has already been proved that repetition only is not suitable for VoLTE (i.e. solution 2 as above). 
· Solution 9: Increased DMRS density
· Solution 10: PSD boosting
To allocate fewer PRBs or even resource fewer than 12 subcarriers, can further reduce the repetition times to achieve the coverage enhancement target.

· Solution 11: Frequency hopping and cross subframe estimation (specified in rel-13 for narrow band)
Frequency hopping can bring the coverage gain by the frequency domain diversity. Nevertheless, when evaluating the possible use in VoLTE, the trade-off between the frequency hopping and the cross-subframe estimation should be considered in order to maximize the gain.
· Solution 12: Shorter length CRC and Code spreading
These two solutions were also dicussed for coverage enhancement by reducing overhead and muliplex on resource, however the gain is minior.

2.3 Proposed VoLTE coverage enhancement directions
From the discussion above, a lot of solutions can be found discussed in the history of LTE for both voice and MTC traffic types. Three main directions can be identified from this solution list: channel estimation accuracy, frequency diversity, and transmission time increase. In further study, these directions are proposed to be re-considered for VoLTE (including those studied in eMTC).
1. Channel estimation accuracy

For the weak coverage conditions, the channel estimation is always the bottleneck. The increased DMRS density (solution 9) can be further considered in this SI.

2. Frequency diversity

Frequency hopping is proved very useful for utilizing frequency diversity. For further TTI bundling enhancement, the trade-off between frequency hopping and cross-subframe estimation (solution 11)  for wideband could be studied in this SI.

3. Transmission time increase

The reduced TTI bundling RTT and asynchronous HARQ were specified, other mechanism such as optimal reuse of HARQ process resources (solution 7) could be further studied in this SI.

Proposal 1: Channel estimation accuracy improvement (solution 9), the trade-off between frequency hopping and cross-subframe estimation for wideband with TTI bundling (solution 11), and advanced HARQ (solution 7) are proposed to be studied in this SI.

Besides those already discussed enhancements, in this study, we could also consider other new enhancements which could increase uplink transmission time:

· Solution 13 Relaxed air interface delay budget

The voice end to end delay includes the air interface delay and the wired transmission delay, usually the wireless part is the major risk. Now all the assumptions are based on 50ms air interface delay, while in practice fiber is used widely, even 100ms air interface delay will not cause obvious quality degradation for voice. Since most packets could be transferred successfully quickly, some may have problem, these trouble packets can use more transmission time if air interface delay budget can be relaxed. The study for relaxed air interface delay budget can be considered in this SI, and the impact should be restricted to RAN2.

Proposal 2: The solution on increasing uplink transmission time based on relaxing air interface delay budget can be studied in RAN2.

2.4 Evaluation consideration
In the previous voice coverage enhancement evaluations, 3GPP RAN1/2 usually use AMR12.2kbps as the candidate rate. Because of strong requirement of HD voice experience, a new advanced codec EVS was specified in SA4 in Rel-12. EVS has totally different codec rates compared with traditional AMR-WB and AMR-NB, and has obvious superior quality. Evaluations in [6] showed that EVS5.9kbps already outperforms AMR12.2kbps. Therefore the new codec rate such as EVS7.2kbps (EVS5.9kbps is variable bit rate) can be selected for further evaluation. An example of the evaluation on coverage enhancement solutions based on new codec rate is illustrated in Figure 1.
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Figure 1. evaluation results of coverage enhancement solutions based on EVS7.2kbps
Proposal 3: Evaluation of coverage enhancement solutions should be based on the new EVS7.2kbps codec type/rate.

3 Conclusion
In this contribution we listed the VoLTE coverage enhancement solutions discussed in previous versions and directions and evaluations proposed in this study, with proposals:
Proposal 1: Channel estimation accuracy improvement (solution 9), the trade-off between frequency hopping and cross-subframe estimation for wideband with TTI bundling (solution 11), and advanced HARQ (solution 7) are proposed to be studied in this SI.

Proposal 2: The solution on increasing uplink transmission time based on relaxing air interface delay budget can be studied in RAN2. 
Proposal 3: Evaluation of coverage enhancement solutions should be based on the new EVS7.2kbps codec type/rate.
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