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1 Introduction

During RAN #67 meeting, “Revised WID: Further LTE Physical Layer Enhancements for MTC” ([1]) was approved. One objective of this work item is to target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage.
In RAN1 #80 meeting, agreements on PUSCH were listed as following:
Agreement

· For ‘physical channel(s) carrying UL data’ repetition (including different RVs) for Rel-13 low complexity MTC UEs with a coverage enhancement mode, the following techniques are supported

· Multiple-SF channel estimation

· Frequency hopping over system bandwidth across subframes

· Network can enable or disable the hopping

· FFS details of configuration

· FFS on other techniques

· For UEs in enhanced coverage:

· Repetition/bundling of ‘physical channel(s) carrying UL data’ is supported

· Multiple repetition/bundling levels in time domain are supported

Considerations on PUSCH enhancement for Rel-13 low complexity UEs and detailed analysis on coverage enhancement and power consumption for PUSCH are discussed in this contribution.
2 Narrow band for PUSCH
To acquire the scheduling gain for uplink, the PUSCH for Rel-13 low complexity UEs should be scheduled in the entire system bandwidth. The narrow band for PUSCH can be one of following options: 
Option 1: The narrow band for PUSCH can be in any position of the entire system bandwidth. That is, Rel-13 low complexity UEs can be scheduled in any PRB(s) within any 6 consecutive PRBs.
Option 2: The entire bandwidth is divided into multiple non-overlapped narrow bands, and Rel-13 low complexity UE’s PUSCH can be scheduled within one of them. For example, 20MHz system bandwidth is predefined as 16 or 17 non-overlapped narrow bands. The scheduling flexibility of this option is slightly worse compared with option 1, but the overhead of resource allocation may be less.
Moreover, in order to further reduce the overhead of resource allocation for Rel-13 low complexity MTC UEs in enhanced coverage, one or more dedicated narrow bands for PUSCH can be predefined or semi-static configured by eNB. If the number of the dedicated narrow bands for PUSCH is small enough, the overhead of resource allocation would be further reduced.
3 The relation of PUSCH timing to EPDCCH
In legacy FDD system, the starting sub-frame of transmission of PUSCH would be the 4th sub-frame after the EPDCCH transmission. Under the coverage enhancement scenario, even if the number of maximum blind detection for EPDCCH repetition is large, 4 sub-frames are enough for EPDCCH repetition processing. Relation of PUSCH timing to EPDCCH timing should maintain the existing 4 sub-frames timing.

Proposal 1: Relation of PUSCH timing to EPDCCH timing should maintain the existing 4 sub-frames timing.
4 Reduction of repetition times

For UEs in enhanced coverage, multiple repetition/bundling levels in time domain are supported. Similar to PRACH, three repetition levels can be supported for PUSCH, corresponding to coverage enhancement of 5/10/15dB or 6/12/18dB. Each repetition level may correspond to one or more repetition times.
In order to reduce the power consumption, the methods of reduction of repetition times are considered as below.
4.1  Hopping

During the last meeting, it is agreed that
· For ‘physical channel(s) carrying UL data’ repetition (including different RVs) for Rel-13 low complexity MTC UEs with a coverage enhancement mode, the following techniques are supported

· Frequency hopping over system bandwidth across subframes

· Network can enable or disable the hopping

· FFS details of configuration
The configuration of hopping can be similar to current specification, i.e. hopping is triggered by the DCI. The hopping can be valid for PUSCH repetitions indicated by the DCI, or it can be always valid once triggered. Besides, hopping can also be configured by other ways, such as indication of hopping in SIB.
When hopping is triggered or configured, UE should perform hopping with a hopping pattern. Considering that UEs with different repetition levels may be multiplexed, a common hopping pattern is suitable. The hopping granularity for PUSCH could be a fixed value, such as the lowest repetition times or half of it. Since the performance of PUSCH hopping in two frequency locations is good enough, the number of frequency locations for the hopping could be limited to two in order to simplify the UEs’ behavior.

Proposal 2: The hopping granularity for PUSCH could be a fixed value, and the number of hopping frequency locations could be limited to two.
4.2 Shorter CRC

Shorter CRC can bring performance gain for smaller TBS as discussed in [3]. The false detection probability would increase, but the false detection probability is smaller than the probability of NACK-to-ACK error. Shorter CRC can reduce the repetition times for PUSCH since MTC traffic may be small. Considering the small specification impact, Shorter CRC for small TBS can be considered for PUSCH for Rel-13 low complexity UEs. 
Proposal 3: Shorter CRC for small TBS can be considered for PUSCH for Rel-13 low complexity UEs.

5 Conclusions
Coverage enhancement solutions for PUSCH are discussed in this contribution. We have the following proposals:

Proposal 1: Relation of PUSCH timing to EPDCCH timing should maintain the existing 4 sub-frames timing.

Proposal 2: The hopping granularity for PUSCH could be a fixed value, and the number of hopping frequency locations could be limited to two.

Proposal 3: Shorter CRC for small TBS can be considered for PUSCH for Rel-13 low complexity UEs.
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