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1 Introduction

In RAN#73, according to the recommendation from the SI “study on enhancement of VoLTE” [1], the revised WID [2] was approved, with the VoLTE related objective of:

VoLTE enhancements [RAN1, RAN2]

·   Increase VoLTE coverage for half-duplex FDD/TDD through techniques to reduce DL repetitions, new repetition factors, and adjusted scheduling delays.
This contribution discusses the enhancements to half-duplex UEs to support VoLTE.
2 Considerations on VoLTE enhancements for half-duplex FDD/TDD
2.1 Assumptions in design of eVoLTE for half-duplex UE

Speech packets are not delay tolerant so the transmission delay budget in the air interface is restricted within a certain value. In previous evaluations in RAN1, usually 50ms air interface delay budget is assumed, while for the situation of poor coverage environment (especially poor in one side), a longer delay budget e.g. 100~150ms also acceptable in practice.
It has been shown that half-duplex UEs have even poorer coverage to support VoLTE [3], since the time resource are split between downlink and uplink. Considering the UE cost, coverage and battery consumption of low cost UEs, the assumptions in study can be relaxed in following aspects:

· Longer delay budget in air interface (e.g. 200ms). Then the repetition number or retransmission times can be increased to achieve a larger coverage, especially for uplink.
· Longer jitter buffer. With a longer jitter buffer, the large number of repetitions or retransmission of some packets in physical layer would have less impacts on voice quality.
· Lower data rate requirement. Considering low cost half-duplex UEs under deep coverage, only low voice codec rate could be supported, thus the data rate requirement in air interface is also lower.
Proposal 1: In design of VoLTE enhancement for half-duplex UE, the following assumptions are applied:

· Longer delay budget in air interface (e.g. 200ms),

· Longer jitter buffer,

· Lower data rate requirement
2.2 eVoLTE coverage enhancement techniques
Three techniques has been identified in WID [2] as techniques to reduce DL repetitions, new repetition factors, and adjusted scheduling delays.

Techniques to reduce DL repetitions
For half-duplex UEs, downlink and uplink share the transmission opportunities in time domain as depicted in Figure 1. The reduced DL repetitions means larger uplink transmission time, thus uplink coverage can be increased.
One straightforward way to reduce DL repetitions while keeping DL coverage is to have a larger downlink bandwidth to have a lower coding rate. Therefore, the restriction of 6PRB in downlink for eMTC should be relaxed.
Further, as described in [4] for TDD, the SRS enhancements in uplink will also benefit the downlink transmission, and eventually reduce the downlink repetitions.


[image: image1.emf]time

20ms

UL

DL

Switch


Figure 1. UL/DL transmission of voice packets for half-duplex UEs
Proposal 2: In order to reduce downlink repetitions, support following options:

· Relax the restriction of 6 PRB for downlink,

· Support SRS enhancements in uplink for TDD.

New repetition factors
Voice packets usually arrive with a fixed interval, for example 20ms per voice frame or 40ms when two voice frames are aggregated. For half-duplex FDD UE, the “uplink transmission”, “downlink transmission” and “switching subframe” all together occupies the fixed 20ms or 40ms etc. The existing repetition factors in CE mode A are {1,2,4,8,16,32}. It is very difficult to combine the downlink and uplink repetitions including scheduling subframe into 20ms or 40ms interval. Therefore, new repetition factors should be supported considering arriving interval of voice packets.
Proposal 3: Support new repetition factors in CE mode A considering typical arrival intervals of voice packets.
Adjust scheduling delay
By reducing scheduling delay, the waste of time resource can also be reduced, and more DL or UL repetition can be scheduled within the voice packets arriving interval. However, reduced scheduling delay requires higher UE processing capability to detect scheduling grants. Another option without higher UE capability requirement is to reduce MPDCCH search space candidates, thus less blind detections are required.
Proposal 4: Reduce scheduling delay by following options
· Higher UE processing capability,

· Reduce the number of blind detections for eVoLTE.
3 Conclusion

In this paper, the considerations on half-duplex VoLTE coverage enhancement were discussed. And the following proposals are made: 
Proposal 1: In design of VoLTE enhancement for half-duplex UE, the following assumptions are applied:

· Longer delay budget in air interface (e.g. 200ms),

· Longer jitter buffer,

· Lower data rate requirement

Proposal 2: In order to reduce downlink repetitions, support following options:

· Relax the restriction of 6 PRB for downlink,

· Support SRS enhancements in uplink for TDD.

Proposal 3: Support new repetition factors in CE mode A considering typical arrival intervals of voice packets.
Proposal 4: Reduce scheduling delay by following options

· Higher UE processing capability,

· Reduce the number of blind detections for eVoLTE.
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