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1. Introduction
RAN Plenary # 65 meeting approved a new Rel-13 WID on “Further LTE Physical Layer Enhancements for MTC” [1] with a reduced 1.4MHz bandwidth on both downlink and uplink.  From the WID, 

The general objective is to specify a new UE for MTC operation in LTE that also allows for enhanced coverage compared to existing LTE networks and low power consumption, with the following detailed objectives:

· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.
· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 

· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.
· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage.
· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life:
This contribution presents our considerations on downlink control channel design for Rel-13 MTC UEs. 

2. Discussions 
Legacy PDCCH cannot be received by Rel-13 MTC UEs due to bandwidth reduction. One solution is to transmit control signaling within 1.4MHz bandwidth for Rel-13 MTC UEs, following PDCCH region and reusing current PDCCH structure. That is the first several OFDM symbols in PDSCH region are used for control signaling for Rel-13 MTC UEs. However, it needs to solve the indication of the number of OFDM symbols for PDCCH for both normal LTE UEs and Rel-13 UEs. Moreover, the number of residual REs in each PRB is limited and it is hard to multiplex normal UE and Rel-13 MTC UE together. 

Another solution is designing a control channel based on EPDCCH for Rel-13 MTC device. However, there is no common search space (CSS) in EPDCCH. A CSS in EPDCCH may need to be introduced for broadcast signaling. Alternatively, it is possible that CSS may be eliminated and SIB/RAR/Paging may be new designed with control-less transmission, i.e., without (E)PDCCH for scheduling assignments. And, the proposal can also be used for other coverage enhanced UE to achieve a unified solution.

For coverage enhancement, (E)PDCCH repetition has been discussed in Rel-12 MTC and some agreements have been achieved as following [1]:

· Repetition of (E)PDCCH with multiple levels is supported.

· From the UE perspective, the possible starting sub-frames of (E)PDCCH repetitions are limited to a subset of sub-frames.

· UE shall monitor more than one (E)PDCCH decoding candidate.

· The UE shall use the same (E)PDCCH decoding candidate with an aggregation level defined for each subframe within the repetition. 

Above agreements can be the starting point of EPDCCH repetition discussion in Rel-13 MTC. One remaining issue is about EPDCCH search space design, i.e., monitoring a single or multiple ECCE aggregation level(s) in frequency domain, and a single or multiple repetition level(s) in time domain within an EPDCCH repetition window. Some discussion was addressed in [2] and following observations were made:  

Monitoring multiple repetition levels and maximal aggregation level in each subframe has smaller latency and lower UE power consumption.

Monitoring multiple repetition levels requires lower blind detection complexity than a single repetition level with multiple aggregation levels in frequency domain.

Monitoring multiple repetition levels in time domain but a single aggregation level in each subframe can improve the utilization of CCEs if normal and MTC UEs do not share the same resources.

Considering the low power consumption requirement in Rel-13, monitoring single aggregation level and multiple repetition levels is more beneficial on both power consumption and spectral efficiency with no UE complexity increment. 

Regarding to EPDCCH search space design, some optimizations can be made to reduce EPDCCH repetition number for energy saving. For example, a new DCI format with a compact payload size can be considered. For Rel-13 MTC UE, supported transmission modes may be reduced and many processing will also be relaxed, e.g., restricted modulation order, further reduced maximum number of transport block size, reduced number of HARQ process, reduced MCS and so on. These relaxations will save some payload. Therefore, a new designed compact DCI format seems feasible for Rel-13 MTC UE. 

Proposal #1: Keep on discussion about (E)PDCCH based on the agreements in Rel-12 for coverage enhancement mode. In addition, a compact DCI format can be considered.
3. Conclusion
In this paper, potential solutions for downlink control channel design for Rel-13 MTC UEs are discussed. From the discussion, we have following proposals:
Proposal #1: Keep on discussion about (E)PDCCH based on the agreements in Rel-12 for coverage enhancement mode. In addition, a compact DCI format can be considered.
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