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1 Introduction

In Rel-12, various techniques are considered for coverage enhancement [1]. Especially, for PUSCH, the following techniques can be considered to achieve a relative LTE coverage improvement:
· TTI bundling/retransmission
· RS power boosting/increased RS density

· PSD boosting

RS power boosting/increased RS density and PSD boosting can reduce the required number of repetition [2][3]. For this, in RAN1#78bis, the following performance study was proposed [4].
· PDSCH/PUSCH/PRACH/control channel link performance study of the impact of the following aspects can be used to analyze the fulfillment of the coverage and power consumption objectives in normal and enhanced coverage (at normal and low SNR)

· With/without increasing PDSCH/PUSCH/control channel DMRS density 
· With/without PDSCH/PUSCH/PRACH/control channel frequency hopping

· PUSCH/PRACH/control channel sensitivity to phase discontinuity

· With/without uplink PSD boosting with smaller granularity than 1 PRB
· PUSCH capacity analysis/results would also be useful

In this contribution, we suggest considerations on uplink demodulation reference signal (DMRS) with respect to two techniques; with increasing DMRS density and with smaller granularity than 1 PRB.
2 DMRS design for PUSCH coverage enhancement

1.1 DMRS design with increasing DMRS density
Increasing DMRS density results in the increasing the accuracy of channel estimation. And the number of repetition can be reduced in spite of coding redundancy loss [5]. Thus the consideration on DMRS design with increasing DMRS density is needed. 
For DMRS design, an operating environment should be considered [6]. The used channels are EPA and ETU with 1Hz and 30Hz of Doppler spread. The SNR range is normal and low SNR for QPSK and 16-QAM. And the number of transmitted antenna is assumed to 1. In addition, the considered channel estimation methods are DFT interpolation or FIR filter with one-subframe or multi-subframe interpolation [2][7].
The frequency selectivity of channel within the duration of some contiguous subcarriers can be ignorable in spite of ETU channel. Thus the dominant term of the performance of channel estimation is noise power, especially at low SNR. This is related to the RS power boosting and the RS subcarrier location in DMRS design.

On the other hand, the resource for repetition cannot be allocated contiguously. And Doppler spread 30Hz is also considered. Thus the performance of channel estimation with one-subframe is more prioritized than that with multi-subframe. This is related to the RS symbol location in DMRS design.
Figure 1 shows an example of DMRS design with increasing DMRS density, which is reflected in factors mentioned above. It is assumed that there is the resource for one UE within the basic resource block. We define the new RS as MTC-DMRS. The number of subcarriers for MTC-DMRS is 4 (or 3). Other subcarriers in the MTC-DMRS symbol are null subcarriers, and thus the power of subcarriers for MTC-DMRS is boosted. This is because the dominant term of the performance of channel estimation is noise power. In addition, to avoid the edge interpolation error within one-subframe, the subcarriers and symbols for MTC-DMRS are allocated in the edge of the basic resource block. If the compatibility of legacy DMRS can be ignorable, it can be substituted to MTC-DMRS. In addition, the subcarrier positions of MTC-DMRS can be changed according to UE in the case that resources for multiple UEs are allocated within the basic resource block.
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Figure 1. Example of DMRS design with increasing DMRS density
Proposal 1: Consider DMRS design for MTC with increasing DMRS density. 
1.2 DMRS design with smaller granularity than 1 PRB
Smaller granularity than 1 PRB results in more PSD boosting gain [3]. In addition, the required SNR for MCL of coverage enhancement can be reduced. Though there is frequency diversity loss within 1 PRB, the gain with smaller granularity may be greater. For example, the gain of 0.5 PRB is about 3 dB for the required SNR. 

On the other hand, the base sequences of legacy DMRS are designed for multiples of 1 PRB. Thus DMRS design with the base sequence for smaller granularity than 1 PRB may be needed on various aspects. 
Proposal 2: Consider DMRS design for MTC with smaller granularity than 1 PRB.
3 Conclusion 

This contribution describes DMRS design issues for PUSCH coverage enhancement. Then we propose,
Proposal 1: Consider DMRS design for MTC with increasing DMRS density. 
Proposal 2: Consider DMRS design for MTC with smaller granularity than 1 PRB. 
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