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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. Moreover, the following agreements have been reached in RAN1 #80 meeting:
Agreements:
· For Rel-13 low complexity UEs in enhanced coverage at least for system BW>1.4MHz

· No multiplexing within a PRB pair of the physical downlink control channel for MTC UEs and PDSCH for MTC UEs 

· Working assumption: The demodulation of the physical downlink control channel for MTC is based on at least DMRS

· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz

· Confirm the working assumption: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs

Agreements:
· Confirm the following Rel-12 agreements for Rel-13 MTC UEs in enhanced coverage

· For UE-specific search space, from the UE perspective, the possible starting sub-frames of physical downlink control channel for MTC repetitions are limited to a subset of subframes.

· If/When PDSCH is indicated via physical downlink control channel for MTC:

· The relation of PDSCH timing to physical downlink control channel for MTC timing shall be known to UE.

· Assigned PDSCH is transmitted not before end of physical downlink control channel for MTC, i.e., if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0).

· Working assumption: Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC at least for MTC UEs in coverage enhancement.

This contribution presents our considerations on downlink control channel design for Rel-13 MTC UEs. 

2. Discussions 
It is reasonable to design a MTC control channel based on EPDCCH for Rel-13 MTC device due to its support on flexible bandwidth transmission. However, there is no common search space (CSS) in existing 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.

One open 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 UE processing can 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 reduce the required payload. Therefore, a new designed compact DCI format seems feasible for Rel-13 MTC UE. 

Proposal #1: Keep on discussion about (E)PDCCH on blind detection for coverage enhancement mode. In addition, a compact DCI format can be considered.
Timing S
Supposing multiple subbands will be used for MTC operation and frequency hopping is applied across subbands, the relative timing between the control channel and data channel should be carefully defined taking into account the potential RF retuning time. For example, if the control channel and the starting PDSCH transmission are in the different subbands, the extra RF retuning time should be included to define K value for PDSCH transmission starting at subframe N+K associated with the control channel transmission at subframe N. In this case, K is preferred to be ≥3 assuming 1ms for UE processing and 1ms for RF retuning. The exact value for RF retuning may depend on RAN4 discussion. Moreover, the additional AGC tuning time for switching to the new subband could be considered if needed. To keep consistence over all MTC UEs, it is preferred that the same relative timing is defined regardless of whether the control channel is located in the same channel as the associated data channel.
Proposal #2: K≥3 is considered to define for PDSCH transmission at subframe N+K associated with the control channel at subframe N.
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.
Proposal #2: K≥3 is considered to define for PDSCH transmission at subframe N+K associated with the control channel at subframe N.
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