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1 Introduction
Rel-13 work item on further LTE physical layer enhancements for MTC was approved in [1]. 
According to the WID, Rel-13 low complexity UE supports reduced UE bandwidth of 1.4 MHz in downlink and uplink. The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink. In addition, a relative 15dB coverage enhancement for FDD is targeted and either elimination or repetition can be considered for control channels according to the WID. 

The following agreements were made in RAN1#78bis.

Agreements:
· Regarding the physical downlink control channel for MTC:

· It is used to transmit DCI messages to Rel-13 low complexity UEs

· Its usage for other purposes than unicast transmission is FFS

· Its usage for other UEs in enhanced coverage is FFS

· It is a narrowband (within 6 PRBs) control channel

· Its demodulation is based on CRS and/or DMRS (FFS)

· It is not mapped to legacy control regions
· Its design is based on PDCCH or EPDCCH unless some aspects are agreed as not applicable
· This does not preclude the consideration of Rel-13 low complexity UE accessing 1.4 MHz system BW using legacy (E)PDCCH
In this contribution, we analyze physical downlink control channel for Rel-13 low complexity UEs.
2 Discussion

Rel-13 MTC UEs shall only support 1.4MHz RF bandwidth and shall target for a 15dB coverage enhancement relative to its nominal coverage. Hence, the downlink control channel carrying a DCI for a Rel-13 coverage enhanced MTC UE needs to be transmitted over multiple subframes in order to meet the coverage enhancement target. In addition, UE power consumption needs to be kept as minimum as possible, in order to extend the MTC UEs’ life cycle. Therefore, it shall be allowed that all available REs within 1.4MHz are used for transmission of a DCI to Rel-13 coverage enhanced MTC UE(s), which will reduce the number of repetition subframes and hence reduce the power consumption of Rel-13 MTC UE(s). Hence, we have the following proposal:

Proposal 1: It shall be possible to use all available REs (except those used for possible transmission of reference signals and other common signals) within 6 PRBs to transmit one DCI for Rel-13 coverage enhanced UE(s).

It has been agreed that the reference signal used to demodulate the physical downlink control channel for MTC can be CRS, DMRS, or CRS and DMRS. For the case where all available UEs within 6 PRBs are used to transmit just one DCI for Rel-13 coverage enhanced UE(s), the following aspects need to be considered:
· If this DCI is common to multiple or all Rel-13 MTC UEs, then performance between CRS based transmit diversity and DMRS based random beamforming shall be compared. 

· If this DCI is dedicated to a particular Rel-13 MTC UE, then performance between CRS based transmit diversity and DMRS based UE specific beamforming shall be compared. It is also necessary to consider the availability and accuracy of CSI feedback from Rel-13 MTC UEs, in order to better assess the potential UE specific beamforming gain with DMRS to demodulate the physical downlink control channel for MTC.
· In either case, the additional overhead due to DMRS needs to be factored in when performing the link level evaluations.
With the above consideration, the following is proposed:

Proposal 2: Further study the performance comparison between CRS based transmit diversity, DMRS based random beamforming, and DMRS based UE specific beamforming, considering the reference signal overhead and the CSI feedback for DMRS based UE specific beamforming.
Physical downlink control channel for Rel-13 low complexity UEs is not mapped to legacy control regions. Consequently, its collision with CSI-RS needs to be considered. It is not a problem for PDCCH because there is no CSI-RS in legacy control region. EPDCCH is rate matched around CSI-RS REs configured by dedicated RRC signaling which is scheduled by PDCCH. A straightforward solution is to rate match around all the potential CSI-RS REs for the physical downlink control channel for Rel-13 low complexity UEs before UE is informed CSI-RS configuration. Afterwards, physical downlink control channel is rate matched around the CSI-RS REs based on the configuration.
Proposal 3: The collision between physical downlink control channel for Rel-13 low complexity UEs and CSI-RS needs to be considered.
3 Conclusions

Based on the analysis on physical downlink control channel for Rel-13 low complexity UEs, we have the following observation and proposal.

Proposal 1: It shall be possible to use all available REs (except those used for possible transmission of reference signals and other common signals) within 6 PRBs to transmit one DCI for Rel-13 coverage enhanced UE(s).

Proposal 2: Further study the performance comparison between CRS based transmit diversity, DMRS based random beamforming, and DMRS based UE specific beamforming, considering the reference signal overhead and the CSI feedback for DMRS based UE specific beamforming.
Proposal 3: The collision between physical downlink control channel for Rel-13 low complexity UEs and CSI-RS needs to be considered.
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