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1. Introduction

In RAN#71, a new Study Item on enhancement of VoLTE was approved [1], which is led by RAN2 and aims to investigate the potential RAN enhancements for VoLTE. According to [1], the objectives that related to RAN1 include:

· 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 contribution, we will provide discussion on coverage enhancement solutions for VoLTE.

2. Discussion on coverage enhancement based on relaxing packet delay budget 
For conversational services, a rather tight packet delay budget is assumed, which is reflected on the requirement of less than 50ms regarding to air interface delay. In the practical deployed systems, what impact the quality of voice and video is the end-to-end delay, which includes both air interface delay and the core network delay. For deployment scenarios with low core network delay, the air interface delay can be relaxed, so as to allow for achieving time diversity gain and for allowing more retransmissions to promoting the reliability.

To verify the performance gain brought by relaxing the air interface delay requirement, some initial evaluation was conducted. The detailed evaluation assumptions are shown in appendix. In the evaluation, when the air interface delay is relaxed from 50ms to 100ms, more HARQ retransmission can be conducted for the packet that failed to be successfully decoded in 50ms. Specifically, the enhanced HARQ timing for TTI bundling in Rel-12 is considered with RTT of 12ms, i.e., the retransmission of a bundle happens 8ms after the first transmission of the bundle. Then in 52ms air interface time, a bundle can be transmitted with a first transmission and 4 retransmissions. If the air interface is relaxed to 100ms, the retransmission can be increased from 4 to 8. 

From the evaluation results shown in Fig. 1, we can observe that, relaxing the air interface delay from 50ms to 100ms, the performance can be improved by approximately 3dB. 
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(a) TBS of 256bits (EVS 7.2kbps) 





(b) TBS of 328 (EVS 13.2kbps)
Fig. 1 BLER comparison of different air interface delay 
Observation 1: By relaxing the air interface delay from 50ms to 100ms, the coverage performance of VoLTE can be improved by approximately 3dB.
Proposal 1: The enhancement for improving the VoLTE/video quality is necessary, and one feasible solution is to relax packet delay budget. To which extend to relaxing the air interface delay is suggested to be discussed in RAN2.  
4. Conclusions 
In this contribution, we provided discussion on coverage enhancement solutions for VoLTE, and draw the following observation and proposal:
Observation 1: By relaxing the air interface delay from 50ms to 100ms, the coverage performance of VoLTE can be improved by approximately 3dB.
Proposal 1: The enhancement for improving the VoLTE/video quality is necessary, and one feasible solution is to relax packet delay budget. To which extend to relaxing the air interface delay is suggested to be discussed in RAN2.  
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Appendix: Simulation assumptions

	Parameter
	PUSCH

	System bandwidth
	10MHz

	Carrier frequency
	2GHz for FDD

	Antenna configuration
	1x2, low correlation for FDD

	Channel model
	EPA 3km/h

	Number of RBs
	3

	TBS
	256 bits (EVS 7.2kbps)

328 bits (EVS 13.2kbps)

	Transmission mode
	TM1

	Channel estimation
	Realistic LMMSE channel estimation

	TTI bundling
	4 TTI  


