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1. Introduction 
In RAN Plenary #60 meeting, the WID [1] for ‘Low cost & enhanced coverage MTC UE’ has been agreed. UE category and coverage improvement will be discussed in the following RAN1 meetings. In this contribution, we discuss the possible methods for data channel coverage improvement.

2. PHICH improvement

According to UE procedures for transmitting the physical uplink shared channel [2], eNodeB will send UE ACK/NACK on PHICH channel when PDCCH is not configured for this UE. The UE will adjust corresponding PUSCH transmission in subframe n+4. For low cost MTC UE whose coverage needs to be improved, the PHICH channel may need several repetitions to achieve the target BLER (0.1%). 
The WID [1] provides directions for PHICH design: ‘Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels’
One of the alternatives is to neglect PHICH. The function of HARQ can be implemented by PDCCH in case of cell edge [3]. However, the design principle of PDCCH and PHICH is different. The BLER requirement of PDCCH is 1% which is higher than that of PHICH. If PDCCH is used instead of PHICH, UE must tolerate ACK/NACK with higher transmission error.
Another alternative is to use ARQ schemes in RLC [4]. It is true that ARQ could ensure the correctness of the data transmission and reception. However, HARQ in layer 1 can benefit the soft packet combining which could save the number of required transmission. So it is expected that more repetition is needed if ARQ schemes are used.
Considering these factors, it seems that simplification of PHICH or design of new PHICH is more appropriate for MTC UE. The coverage may be improved by power boosting, by configuring more symbols for PHICH, or by designing a new PHICH format with additional resource element groups (REGs) for PHICH [5]. So we propose,

Proposal 1: Consider to improve PHICH instead of omitting it
3. Reference signal improvement 
It has been identified during the MTC study item phase that the accuracy of channel estimation affects the number of repetition for both PDSCH and PUSCH. The possible improvement for the channel estimation includes RS power boosting and new channels/signals design. In our previous evaluation, both these methods could improve the coverage of data channel [6] [7]. However, UE at the cell border often suffers from uplink power limitations. So there is little space to increase the power of the RS, especially for the uplink.

For New channels/signal design, one straightforward method is to increase the RS density, especially for the uplink while uplink DMRS density is low in the time domain. And in order to reduce the overhead of newly introduced RS, it will be better that the new RS could work together with the legacy RS for better channel estimation accuracy. Then we propose,
Proposal 2: Consider to improve RS density. And the newly introduced RS works with the legacy RS for channel estimation.
4.  Conclusion 
This contribution analyzes the possible solutions to improve the coverage of data channel for MTC UE and proposes,
Proposal 1: Consider to improve PHICH instead of omitting it
Proposal 2: Consider to improve RS density. And the newly introduced RS works with the legacy RS for channel estimation 
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