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[bookmark: _Ref409106980]Introduction
One of the objectives within the Rel-14 WI on ‘Voice and Video enhancement for LTE’ [1] is to specify the following based on the SI outputs [2]:
3. VoLTE quality/coverage enhancements
b. Specify asynchronous UL HARQ transmission, bundle hopping enabling multi-subframe channel estimation, and different repetition levels for the UEs with Category 0 and above (RAN1, RAN2)
i. Strive for a solution that is as similar as possible to PUSCH solution in CE mode A
1. Decide maximum bandwidth [RAN1]
2. Support scheduling by PDCCH and EPDCCH
ii. No further coverage enhancements are done for other channels (e.g.  no repetition etc. for other channels than PUSCH). 
In RAN1#86bis meeting, the following are agreed regarding VoLTE quality/coverage enhancements [3]:
· HARQ process ID of PUSCH is indicated in DCI
· Re-use the eMTC repetition scheme, i.e.: 
· Support numbers of repetitions for PUSCH not larger than X 
· FFS the value of X considering the relaxed delay budget, and X may be different from the largest value in eMTC
· A set of [4 or 8 (TBD)] numbers of repetitions are configured by RRC signalling of the maximum number of repetitions
· The number of repetitions of PUSCH is indicated in DCI
· Re-use eMTC frequency hopping scheme, i.e.: 
· The frequency domain hopping offset and the time domain hopping interval are cell specific
· The time domain hopping interval is configured as one of
· {1, 2, 4, 8} subframes for FDD
· {1, 5, 10, Y} subframes for TDD, where Y is TBD after deciding the value of X
· FFS: values of frequency domain hopping offset

This contribution discusses the impact of the number of PUSCH repetitions on the VoLTE coverage.
Discussion
The coverage limit for VoLTE traffic with different repetition factors of PUSCH is studied in e.g. [4]. A fundamental factor for the coverage is the limited number of available subframes within the speech production period. Hence, to optimize the coverage it is of importance to be able utilize these subframes as efficiently as possible. 
From an overall system perspective, it is however not only the coverage limit that is of importance but also users within the coverage limit should be possible to be served with an efficient usage of the system resources. 
As shown in [4], with the current set of repetition factors there is approximately a 3dB difference between the coverage limit for the transport block sizes relevant for the VoLTE service. An examples from [4] of 456 bits for PUSCH is reproduced in Figure 1.
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[bookmark: _Ref465540156]Figure 1:  Initial BLER for PUSCH for TBS 456 bits

1.1 Coverage for single HARQ transmission
A summary of link simulations [4] of the coverage limit for 1% BLER for PUSCH single transmission for different repetition factors is presented in Table 1.

[bookmark: _Ref465878334]Table 1: MCL [dB] for 1% BLER with single transmission [4]
	PUSCH Coverage limit for 1% BLER single transmission, EPA5 [dB]

	Repetitions
	20ms TBS 256
	40ms TBS4 56

	1
	129.6
	129.6

	2
	130.3
	129.6

	4
	133.1
	130.7

	6
	134.7
	132.4

	8
	135.8
	133.8

	12
	137.4
	135.4

	16
	138.5
	136.6

	24
	140.5
	138.7

	32
	141.8
	140.4




1.2 Coverage using HARQ retransmissions
A summary of link simulations [4] of the coverage limit for 20% initial BLER for PUSCH for different repetition factors is presented in Table 2. This is considered as the coverage limit assuming that the application layer target loss rate of 1% is achieved via retransmissions. For this scenario, the number of subframes used for the initial transmission will impact the packet delay and also packet loss rate at the application layer due to e.g. packets being discarded at the PDCP layer, thus the coverage is improved with a better utilization of the number of available subframes.

[bookmark: _Ref465886621]Table 2: MCL [dB] for 20% initial BLER [4]
	Coverage limit for 20% initial BLER [dB]

	
	PUSCH

	Repetitions
	20ms TBS 256
	40ms TBS 456

	1
	135.2
	132.1

	2
	138.1
	135.8

	4
	140.8
	138.6

	6
	142.4
	140.2

	8
	143.4
	141.3

	12
	144.8
	142.8

	16
	145.7
	143.9

	24
	147.0
	145.3

	32
	147.9
	146.3




1.3 Summary
To be able to maximize the coverage and also efficiently utilize the system resources for VoLTE users close to the coverage limit the selected number of repetitions for the PDSCH and PUSCH transmissions needs to be carefully matched to the channel conditions and the desired packet loss rate. A better coverage and system resource utilization will hence be possible with a finer granularity of the repetition factors. Introducing repetition factors that gives a granularity of 1 – 1.5 dB of the coverage may hence be beneficial for the VoLTE service.  
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Conclusions
This contribution discusses the repetition factors for PUSCH.
We made the following observation:
Observation 1	A range of the PUSCH repetition factors that produces a granularity of 1 to 1.5 dB for the coverage limit for the loss rate in the range of 1% to 20% may benefit both the coverage and system capacity.

We propose the following:
Proposal 1	The possibility to use repetition factors 6, 12, and 24 is added to the set of repetition factors for PUSCH.
Proposal 2	A set of adjacent repetition factors should be available without the need for UE reconfiguration.
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