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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 were discussed during last RAN1#71 meeting. As an outcome of the discussion, following techniques were proposed for consideration as coverage improvement techniques.
· Repetition/retransmission/spreading/low rate coding
· Includes TTI bundling, RLC segmentation
· Power boosting
· Includes power spectral density boosting
· Relay/repeater/meshes or external antennas, site densification

· System-level solution (BF, CoMP, ICIC, MBSFN transmission)

· Relax requirement (e.g., acquisition time, longer averaging time)
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].
In this contribution, we provide discussion about coverage improvement techniques taking into account each individual physical channel/signal.

2 Discussion
TTI bundling

In the study of “LTE Coverage Enhancements [2, 3]”, which focused on UL coverage enhancement, some solution for coverage enhancement was identified, e.g. TTI bundling enhancements. From the study, the expected uplink coverage gain of the solutions is in the order of 1 dB. This 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, e.g. HARQ RTT, TTI bundle size, can be further adapted. TTI bundling may be also applicable in downlink to extend coverage. The specification impact of TTI bundling enhancement would be on HARQ timing design.
Site densification

Site densification 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 [4, 5]. 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. 
According to the agreed MCL table below for category 1 UEs, the amount to be improved for low-cost MTC UEs is varying for each individual channel in order to achieve 20dB gain over category 1 UEs.
Table 9.2.1-1 Summary of MCL from Table 5.2.1.2-2 and Table 5.2.1.2-3 in Section 5.2.1.2 (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.


PSS/SSS, PBCH
As captured in the above MCL analysis, PSS/SSS/PBCH shows relatively better coverage. Under the considered challenging environment for MTC UEs with relaxed latency (e.g., acquisition time, longer averaging time) MTC UE can attempt multiple trials to process initial access which penalize acquisition time.
PRACH
Longer preamble to improve the coverage needs to be studed.
(E)PDCCH
Compact DCI format can take advantage of lower coding gain for a give aggregation level, which in turn improves coverage. PDCCH transmission with higher aggregation level can provide coverage improvement at the cost of consuming PDCCH capacity. Minimizing the usage of PDCCH, could be a workaround to avoid coverage issue as much as possible. For example, Semi-Persistent Scheduling for MTC UEs can be considered.
The coverage loss from “maximum bandwidth reduction” with option DL-1 and DL-2 could be recovered by utilizing EPDCCH. On the other hand, common search space for EPDCCH would need to be defined.
PDSCH/PUSCH
As discussed above, TTI bundling (or repetition/retransmission) would be the most conceivable approaches to improve the coverage of PDSCH/PUSCH. During the random access procedure the PUSCH conveying Msg3 can also take the benefit from TTI bundling, which is not supported in current specification.
PUCCH

HARQ-ACK repetition in Rel-8/9/10/11 and possibly its enhancements can recover the potential coverage loss.
PCFICH
PCFICH for low-cost MTC UE can be eliminated by using fixed value CFI.
PHICH

In order to address potential PHICH coverage issue, PHICH-less HARQ operation can be considered. 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 PHY to MAC layer. The relaxed latency of MTC devices would be in favor with this PHICH-less HARQ operation.
3 Conclusion
As discussed above, low-cost MTCs can make use of the current available tools and identified solutions, e.g. TTI bundling enhancements, EPDCCH, HARQ-ACK repetition, etc., to facilitate the coverage improvement. On top of that, some more enhancements could be considered in identifying potential solutions. In addition, the potential coverage imbalances, e.g. between uplink and downlink, control and data channels, or initial access and data transmission, need to be taken into account together with considered MTC application characteristics of very low rate traffic with relaxed latency.
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