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1 Introduction

At RAN2#93bis, in [1] VoLTE coverage enhancement related solutions were discussed. Companies would like to continue the discussion based on Rel-13 eMTC solutions. In this paper, we discuss the potential solutions and provide the potential direction for coverage enhancements.
2 Discussion
InRel-13, LTE coverage enhancement for delay tolerant MTC applications was discussed and some technologies may be reused for VoLTE. It is reasonable to use the Rel-13 eMTC technologies as baseline, to see how can maximize VoLTE coverage with minimum standard impact.
2.1 Analysis on Rel-13 eMTC PUSCH coverage enhancement solutions
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 packet transmissions, with delay tolerant character. We listed the solutions which have been discussed potential for PUSCH as below:
· Solution 1: Repetition and multiple-SF channel estimation
In the eMTC study, evaluations showed the increase of repetition time can achieve the coverage enhancement target, but the precondition is the traffic is delay tolarant. It is already proved not suitalbe for VoLTE in Rel-12 (equal to increase buldle size). 
· Solution 2: Frequency hopping
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 3: Increased DMRS density
The major differences between eMTC and VoLTE are:
1. Traffic requirement is different, VoLTE has strict delay requirement than eMTC.
2. Equipment capability is different, eMTC is low cost UE and can only work on narrow band (6RB in Rel-13), while VoLTE is for normal UE and works on wideband.
The evaluation result of reusing the eMTC technologies solution 1-3 are shown in Figure 1:
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Figure 1. results of coverage enhancement of TTI bundling enhancement
· Solution 1: Repetition and multiple-SF channel estimation
In Rel-8 for LTE normal UE, the 4TTI bundling for VoLTE coverage enchancement was already specified, and the multiple-SF channel estimation is also usable for VoLTE within the 4 bundling subframes as shown in Figure 1. VoLTE coverage enhancement can reuse this solution in wideband, and no specification change is needed.
· Solution 2: Frequency hopping
For Rel-13 eMTC, the PUSCH frequency hopping happens between NBs because of eMTC UE capability, two restrictions are.:
· Limited NBs are configured for hopping for simplicity, lower diversity comparies to Rel-8 WB frequency hopping.
· Easily to meet resource conflict which can be simply droped by eMTC user (because of latency torlerent), but for VoLTE the conflict is more serious.
On the other hand, if a VoLTE UE is configured to work in CE mode and receiving/transmitting in NB manner, other wideband traffic (e.g. downloading) will be impacted. While simply extend the Rel-8 WB frequency hopping to enable the frequency diversity and multiple-SF channel estimation simultaneously is a more resonable way.

Proposal 1: To extend the Rel-8 WB frequency hopping to enable the frequency diversity and multiple-SF channel estimation simultaneously.
· Solution 3: Increased DMRS density
Increasing the DMRS density can improve the channel estimation accuracy (for poor SINR case, EVS 7.2kbps can achieve 0.5dB gain as shown in Figure 1), and the benefit of this solution is that it does not cause any latency impact to VoLTE, compared with increasing the repetition times. For VoLTE, it can be reused to enhance the coverage.
Proposal 2: Adopt increased DMRS density for VoLTE coverage enhancement in poor coverage environment.
2.2 Other technologies for VoLTE
Besides the rel-13 eMTC solutions, other coverage enhancements can also be considered for VoLTE. Such as:
· Solution 4: 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. This relax of air delay budge can bring 2.5dB coverage gain as shown in Figure 2. 
The study for relaxed air interface delay budget can be considered in this SI, and the impact should be restricted to RAN2.
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Figure 2. result of relaxing air dealy budge
Proposal 3: Adopt “Relaxed air interface delay budget” for VoLTE coverage enhancement.
· Solution 5: 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 [2].
In our simulation, besides the eMTC reused enhancement, the HARQ process resource shared (black line in Figure 3) can contribute additional 1dB coverage gain.
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Figure 3. result of HARQ process resource optimization
Proposal 4: Adopt “Optimal reuse of HARQ process resources” for VoLTE coverage enhancement.
3 Conclusion
In this contribution we discuss the VoLTE coverage enhancement solutions and have following proposals:

Proposal 1: To extend the Rel-8 WB frequency hopping to enable the frequency diversity and multiple-SF channel estimation simultaneously.
Proposal 2: Adopt increased DMRS density for VoLTE coverage enhancement in poor coverage environment.
Proposal 3: Adopt “Relaxed air interface delay budget” for VoLTE coverage enhancement.
Proposal 4: Adopt “Optimal reuse of HARQ process resources” for VoLTE coverage enhancement.
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5 Annex: 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
	224 bits (EVS 7.2kbps)
344 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


