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1 Introduction
According to the updated SID [1], coverage aspects of low-cost MTC UEs targeting a 20dB improvement compared to “normal” LTE UEs have been discussed since RAN1#71. As an outcome of the continued discussion, the following techniques are captured in [2] for coverage improvement.
· TTI bundling/ HARQ retransmission/ Repetition/ Code spreading/ RLC segmentation/ Low rate coding/ Low modulation order
· Power boosting / PSD boosting
· Relaxed requirement
· Design new channels or signals
· Additional techniques
For the coverage improvement, the requirement of 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) is introduced in the SID [1].
This contribution provides further analysis on coverage improvement techniques for PDSCH/PUSCH.

2 PDSCH/PUSCH Coverage Improvements
According to the agreed MCL table for category 1 UEs as captured below Table 1 [3], the amount of coverage improvement for low-cost MTC UEs varies for each individual channel in order to achieve 20dB gain over category 1 UEs. Considering that additional 20dB improvement is for the most challenging channel, the target improvement values for FDD are 15.3dB and 20 dB for PDSCH and PUSCH, respectively. In case of TDD, 18.6 dB and 19.3dB coverage improvements are required for PDSCH and PUSCH, respectively.
Table 1. Summary of MCL for category 1 UEs from Table 9.2.1-1 in [3] (unit: dB)

	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL (FDD)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	MCL (TDD)
	149.4
	146.7
	147.4
	148.1
	149.0
	149.3
	146.9

	Note1: eNB is assumed with 2 Tx and 2 Rx in FDD systems.

Note2: eNB is assumed with 8 Tx and 8 Rx in TDD systems.

Note 3: PHICH is neglected and the function of PHICH can be implemented by PDCCH in case of cell edge.


TTI bundling/HARQ retransmission/repetition
In the study of “LTE Coverage Enhancements” [4, 5] which focused on UL coverage enhancement, TTI bundling enhancements was identified as a solution for coverage enhancements. From that study by means of extended bundle size with moderate value, the expected UL coverage gain of the solution is in the order of 1 dB. TTI bundling enhancements can be applied for low-cost MTC UEs as well exploiting the coding gain, improving the diversity, reducing the overhead, accumulating more energy and so on. Since low-cost MTC UEs have a substantial coverage improvement target, the identified MTC application with very low rate traffic and relaxed latency need to be exploited to facilitate the improvement in coverage. Accordingly, HARQ RTT and/or TTI bundle size, for example, can be further adapted. TTI bundling may be also applicable in the DL to extend coverage. The specification impact of TTI bundling enhancements would mainly be on the HARQ timing design. During the random access procedure, the PUSCH conveying Msg3 can also take the benefit from TTI bundling which is not supported in current specification.
Similar, extending the maximum number of HARQ retransmissions or repetitions would enhance the coverage for PDSCH/PUSCH. However, a concern is that the coverage performance for TTI bundling/HARQ retransmission/repetition would be compromised due to the channel estimation impairment during the longer reception period. In addition, the performance from TTI bundling/HARQ retransmission/repetition may be limited by the associated control channel, e.g. PDCCH, PUCCH and PHICH. For example, according to MCL values for TDD in above Table 1, PDCCH requires 1.2 dB more coverage improvement over PDSCH. Therefore, corresponding coverage improvement on PDCCH is also required. As for PHICH, PHICH-less HARQ operation can be considered to address potential PHICH coverage issue. For PHICH-less operation, the UE is not expected to decode PHICH in a subframe where an UL grant is not detected and the UE will deliver an “ACK” from the PHY to the MAC. The relaxed latency of MTC devices would be favorable for PHICH-less HARQ operation.
In terms of spectral efficiency, TTI bundling/HARQ retransmission/repetition may degrade the performance due to the large amount of resource consumption which should be shared with normal LTE UEs. Also, UE power consumption would be increased according to the increased transmission/reception time duration.
Power boosting/PSD boosting

For PDSCH/PUSCH, power boosting/PSD boosting would increase the received SINR when the transmit power is maintained within the eNB/UE power amplifier capability. In addition, the channel estimation impairment could be compensated to some extent by applying RS power boosting as well. For downlink, however, as CRS is commonly used within a cell, CRS power boosting may have backward compatibility issues with normal UEs, e.g. for RSRP measurement, for QAM demodulation, etc. In this regard, DMRS based PDSCH transmission would be favorable for applying power boosting/PDS boosting. On the other hand, as captured in TR36.888 [6], support of DMRS based transmission may negate the cost savings that may be obtained by removing DMRS based transmission scheme(s) for PDSCH. The range of relative total cost savings from reducing supported DL transmission modes is about 2-10%. For uplink, the UE power amplifier constraints may compromise the achievable coverage gain from power boosting assuming that the UE is already coverage-limited. As power boosting may increase inter-cell interference, interference coordination between cells is required.
Design new channels or signals
Although new channel/signal design could be considered unless the above coverage improvement techniques can achieve coverage improvement target for PDSCH/PUSCH, it is less attractive due to the potential specification efforts.
Additional techniques
Site densification, e.g., relay, repeater, small cell, is considered as one approach to improve coverage with minimal spec impact. On the other hand, it is expected that network installation cost would increase. The overall impact needs to be studied taking into account another Rel-12 study item, small cell enhancements [7, 8]. Some relevant deployment scenarios, e.g. dense small cell deployment, small cell deployment without macro coverage, etc., are already included in the target scenarios of small cell enhancements. 
3 Conclusion
Based on above discussion, we propose TTI bundling/HARQ retransmission/repetition, power boosting/PSD boosting, and site densification as potential solutions to improve the coverage of PDSCH/PUSCH for low-cost MTC UEs.
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