
3GPP TSG RAN WG1 Meeting #86
R1-166188
Gothenburg, Sweden 22nd - 26th August 2016
Agenda Item:     7.2.15.1
Source:
Huawei, HiSilicon
Title:
Overview of the eVoLTE coverage enhancement technologies
Document for:
Discussion and decision
1 Introduction

Regarding the essential importance of the HD (high definition) voice quality over LTE, a SI “Study on enhancement of VoLTE” was agreed in RAN#71 [1] with following objectives:

· 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.
RAN2#94 meeting discussed VoLTE/video quality related enhancements and made the following agreements:

· The study of VoLTE/video quality related enhancements is focused on the techniques introduced by the eMTC work item.

· The study of VoLTE/video quality related enhancements is focused on the techniques available in CE mode A (with/without SPS) for Cat-M1 and other UE categories.

· For the study of VoLTE quality related enhancements, RAN1 is asked to take the recommended evaluation assumptions provided in Table 1 [2] into account. It should be noted that for the RAN1 evaluation, RAN2 do not preclude the use of EVS codec rates other than 7.2 kbps.

An LS [3] was sent from RAN2 to RAN1, and RAN1 was asked to investigate for VoLTE the two mechanisms of extending packet delay budget and making use of techniques introduced by eMTC. 
In this contribution, the evaluation results and discussion on these technologies are presented. 
2 Candidate solutions and evaluation results
From the previous coverage evaluation results in TR 36.824 for different VoLTE channels, the PUSCH is the bottleneck for coverage. Therefore the evaluations in this section are focused on PUSCH channel. 
2.1  Coverage extension with relaxed delay budget
The performance of different delay budget values (50ms, 100ms and 150ms) were evaluated with simulation assumptions in Annex A. The evaluation results are illustrated in Figure 1. It can be shown that, when the air interface delay budget is relaxed, significant coverage gain can be achieved, about 3dB coverage gain for 100ms delay budget and about 5dB coverage gain for 150ms delay budget compared to 50ms delay budget. That is because:

1. As most packets can be received successfully in one transmission, the erroneous packets have more transmission opportunities when air interface delay budget is relaxed. 
2. With the erroneous packet transmissions are distributed in a longer time, the time diversity gain can be achieved.
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Figure 1. Results of relaxing air delay budget
Both the E2E delay and the packet loss rate have significant impacts to the voice quality. As described in [7], the voice packet E2E delay contains the air interface delay and the wired transmission delay, where usually the wireless part is the major part. Although generally 50ms air interface delay is assumed in evaluations, hundreds of milliseconds delay tolerance of voice traffic and small core network delay leave space to delay budget relaxation in air interface to be far more than 50ms.
Observation 1: Relax the air interface delay budget can achieve significant VoLTE coverage gain.

Proposal 1: It is proposed to relax the air interface delay budget when E2E delay allows.
2.2 Coverage extension with techniques in CE mode A
Rel-13 eMTC WI specified the coverage enhancement techniques for BL/CE UEs. CE Mode A describes a set of behaviors for zero to small number of repetitions [5]. The set of repetition numbers can be configured by the higher layer and l the repetition number per TTI is indicated in DCI, which are specified in Table 8.2b of [4].
Considering the large-delay intolerance of VoLTE packets, the moderate amount of repetition of CE mode A is more suitable. And from the simulation result of [6], simply increasing the bundle size to 8, 10 or 20 cannot bring coverage benefit, and the bundle size of 4 is still the best for delay restricted VoLTE packets. Therefore, TTI bundle size of 4 is used in the evaluation.
The evaluation results of techniques in eMTC CE mode A are illustrated in Figre 3. From the evaluation results, when the techniques, e.g. bundle hopping, multi-SF estimation and asynchronous HARQ, are used for VoLTE UE, about 3dB coverage gain is achieved, for both EVS7.2kbps and EVS13.2kbps.
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Figure 3. Results of eMTC CE mode A technologies
CE mode A techniques can provide coverage enhancement for VoLTE due to:
1. Bundle hopping and multi-Subframe channel estimation

In the UL coverage limited case, PUSCH is normally transmitted with small number of RBs so that the performance can be improved with increased power spectrum density. In Rel-8, when TTI bundling is enabled together with PUSCH hopping, the PUSCH transmission is hopped in frequency domain per TTI within a bundle, therefore the multi-SF estimation cannot co-exist with the hopping. In contrary, a bundle of PUSCH transmission in CE mode A occupies consecutive subframes with the same frequency resource and hops across bundles. This design can enable multi-subframe channel estimation and improve the performance.

2. Uplink asynchronous HARQ
Uplink asynchronous HARQ is supported in CE mode A, which increases the opportunity of uplink transmission within the given delay budget. For example when one transmission is succeeded, then the released TTIs for retransmissions can be used to transmit the data in other process, as shown in Figure 2.
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Figure 2. Asynchronous HARQ
 Based on the evaluation results, it is beneficial for normal VoLTE UE to support CE mode A techniques, while allowing functions necessary for VoLTE, such as inter-frequency and inter-RAT measurements.
Observation 2:The techniques of bundle hopping, and UL asynchronous HARQ available in eMTC CE mode A can improve VoLTE coverage. 
Proposal 2: It is proposed to apply the bundle hopping and UL asynchronous HARQ available in eMTC CE mode A for VoLTE UEs.
3 Conclusion

In this paper, the coverage enhancement techniques are discussed for enhanced VoLTE and 3 techniques were investigated and recommended: 
Observation 1: Relax the air interface delay budget can achieve significant VoLTE coverage gain.

Observation 2: The techniques of bundle hopping and UL asynchronous HARQ available in eMTC CE mode A can improve VoLTE coverage. 
Proposal 1: It is proposed to relax the air interface delay budget when E2E delay allows.
Proposal 2: It is proposed to apply the bundle hopping and UL asynchronous HARQ available in eMTC CE mode A for VoLTE UEs.
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Annex A: Simulation assumptions

Simulation assumptions

	Parameter
	PUSCH

	System bandwidth
	10MHz

	Carrier frequency
	2GHz for FDD

	Antenna configuration
	1x2, low correlation for FDD

	Channel model
	EPA/ETU

	UE speed
	EPA 3km/h; ETU 30km/h

	Number of RBs
	3

	TBS
	256 bits (EVS 7.2kbps)
392 bits (EVS 13.2kbps)

	Transmission mode
	TM1

	Channel estimation
	Realistic cross-SF channel estimation or single-subframe channel estimation

	Combination for the repetitions
	incremental redundancy /chase combining

LLR(log likelihood ratio) combining after demodulation
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