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1 Introduction

Based on updated SID RP-121441, we need to meet the requirement of improving coverage 20dB for low cost MTC.  In this contribution, we are trying to give possible solutions to improve coverage of low cost MTC.
2 Discussion
We have achieved some agreements of concepts for reducing MTC cost. Some of them would impair coverage performance. Below are a general summary for those concepts that could affect coverage performance:

· Decreasing transmit power: degrade coverage performance of all uplink channel and signal. 
· Downlink transmission mode: degrade downlink PDSCH coverage performance. 
· Single RF chain: degrade downlink channel coverage performance.
· Reduced bandwidth: degrade both uplink and downlink coverage performance.
Although above points damage the coverage performance, some other characteristics are beneficial to be utilized to increase coverage range. As SID RP-121441 pointed out, we should try to improve coverage 20dB in comparison to normal LTE cell coverage by “using very low rate traffic with relaxed latency (e.g. size of the order of 100 bytes/message in UL and 20 bytes/message in DL, and allowing latency of up to 10 seconds for DL and up to 1 hour in uplink, i.e. not voice)”.
Given that the relaxed latency and very low rate traffic, there have been some legacy techniques to possibly meet the requirement of coverage improvement. In addition, some new schemes may be beneficial as well. 
2.1 Solutions for coverage improvement
First solution is to increase downlink transmit power of eNB. Obviously, it can increase SINR of all downlink physical channels and signals, and meet the requirement of decoding and detecting in a larger cell range and therefore improve downlink coverage performance.

Proposal 1: Increasing eNB downlink transmission power can improve MTC downlink coverage performance.

Another solution is to make use of the TTI bundling for up link enhancement. TTI bundling technique could send one TB from MAC layer repeatedly in several consecutive subframes in uplink, and each subframe/TTI carries the same TB contents with different RV. Current spec supports maximum four consecutive subframes. For support MTC coverage improvement, we can also consider support more subframes bundling, e.g. eight subframes.
Proposal 2: TTI bundling can improve uplink coverage performance; a bigger value of number of consecutive subframes, e.g.8, should be considered as well.

For MTC traffic, random access is important because MTC traffic data mainly comes from uplink direction. When the traffic data size could be small enough we should consider to deliver data in the RA procedure other than normal PUSCH data delivery, e.g. via Msg3 of RA procedure. For physical layer，there are 5 PRACH formats defined in current spec with different coverage performance. PRACH format3 has the longest length of PRACH sequence length, CP and GT. Comparing to other formats, PRACH format 3 could cover the biggest cell range. Therefore, PRACH format 3 should be used in MTC access.
Proposal 3: PRACH fromat3 should be used in MTC random access for uplink coverage improvement.
Above solutions are based on legacy techniques which could be selected or configured for uplink or downlink coverage improvement. Then we should also consider further methods for further improving MTC coverage. Because of its characteristics of small data size, possibly new MCS could be considered. For example, PUSCH and PDSCH currently only define QPSK, 16QAM and 64QAM. If BPSK could be supported, then it can reach a more relaxed SINR requirement and correspondingly further improve the decoding and coverage performance. An if MTC support multi antenna,    
Proposal 4：BPSK could be used for improving both PUSCH and PDSCH coverage performance.      

3 Conclusion

In this contribution, we analyzed possible methods to improve coverage performance for low cost MTC and our suggestions are as below:
Proposal 1: Increasing eNB downlink transmission power can improve MTC downlink coverage performance.

Proposal 2: TTI bundling can improve uplink coverage performance; a bigger value of number of consecutive subframes, e.g.8, should be considered as well.

Proposal 3: PRACH fromat3 should be used in MTC random access for uplink coverage improvement.
Proposal 4：BPSK could be used for improving both PUSCH and PDSCH coverage performance.
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