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1 Introduction
Coverage enhancements for low-cost MTC UEs targeting a 20dB gain compared to “normal” LTE UEs [1, 2] were discussed during RAN1#72 and the following techniques are for further consideration:
· 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
In LTE, (E)PDCCH is needed for scheduling system information and PDSCH/PUSCH to MTC UEs.  According to [3], about 15dB coverage improvement for PDCCH with DCI format 1A and 8 CCEs should be targeted for coverage-limiting MTC UEs. This contribution further discusses coverage enhancement techniques for (E)PDCCH.
2 Coverage Enhancements for (E)PDCCH
Unlike data channel design for which TTI bundling is possible, the current LTE design for PDCCH allows transmission over only one subframe. If this structure is retained, certain techniques such as increasing the maximum (E)CCE aggregation level or reducing the DCI payload size are necessary for enhancing the coverage of (E)PDCCH. However, even the use of both the above techniques cannot achieve the targeted coverage enhancement and additional mechanisms, such as PDCCH repetitions across subframes, may be considered but this will have a much greater impact on RAN1 specifications and UE testing/implementation. In the following, some mechanisms for (E)PDCCH coverage enhancements are discussed in more detail. 
Increasing aggregation level (AL) within one subframe
Increasing AL can be one mechanism to increase the coverage for MTC devices in extreme coverage scenarios. (E)PDCCH transmission with higher aggregation level can provide coverage enhancement at the cost of PDCCH capacity. The impact on RAN1 specifications and UE implementation/testing is rather trivial. 
Compact DCI format
Reducing DCI payload size is another mechanism for increase the coverage for MTC UEs. Clearly, fields in DCI formats with functionality that is either unnecessary or with limited scope can be respectively eliminated or reduced in size. A resulting compact DCI format can benefit from a lower coding gain for a give aggregation level which in turn improves coverage. However, the reduction in the DCI format size is still limited by the inclusion of the CRC bits.  

Cross-subframe aggregation
Increasing the maximum aggregation level and reducing the DCI payload size is unlikely to meet the requirement for about 15 dB improvement in (E)PDCCH coverage. For example, quadrupling the maximum (E)CCE aggregation level and reducing the DCI payload size can only improve (E)PDCCH BLER by 7-8 dB. Cross subframe aggregation (repetition in the time domain), may then be additionally considered. 
When an (E)PDCCH is repeated across subframes, combining at a UE side can be performed (similar to existing P-BCH reception). However, in order to facilitate the combining at the UE side, certain information related to which PDCCHs can be combined may need to be known at the UE in advance. 
In addition, when multiple subframes are required for a reception of an (E)PDCCH, the system design deviates from the normal LTE where a fixed timing relationship exists between (E)PDCCH transmission and PDSCH/PUSCH transmission. Particularly for TDD systems, the impact can be substantial and the resulting UE implementation/testing may become considerably more complex. Moreover a UE’s processing complexity and memory requirements may be increased. The overall communication latency will also be increased which may not be acceptable for all types of MTC communications.

Persistent scheduling
Minimizing the usage of PDCCH can be a workaround to minimizing the system/design/specification impacts from coverage limited MTC UEs. For example, Semi-Persistent Scheduling for MTC UEs can be considered. However, (E)PDCCH is still required to signal SIB and RRC configuration messages and SPS activation/release.

EPDCCH common search space

The coverage loss from “maximum bandwidth reduction” with option DL-1 and DL-2 can be recovered by utilizing EPDCCH. In addition, EPDCCH improves DL control signaling capacity by providing more time and frequency resources and can mitigate interference via FDM ICIC. However, CSS is not presently supported by EPDCCH and would need to be defined.

Decoding PDSCH directly without PDCCH 
In principle, it might be possible to decode PDSCH without PDCCH. However, this might have a significant impact on the specification and on the MTC UE implementation.

Site densification

Site densification is considered as another approach for general coverage enhancements with minimal specification impact but it may affect the network installation cost. The overall impact needs to be studied while also considering the studies on 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. 

3 Conclusions
This contribution discussed methods for (E)PDCCH coverage enhancements for low-cost MTC UE in LTE. At least increasing the maximum (E)CCE aggregation level and reducing the DCI format payload by removing or reducing the scope of respective fields can be considered. Cross-subframe aggregation, persistent scheduling, EPDCCH CSS, and site densification, are methods that can be additionally used. 
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