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1 Introduction
The following agreements were made in RAN1#80 on the physical downlink control channel for Rel-13 low complexity UEs.

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

· 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.

In this contribution, we further discuss the design of 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 MTC UE in enhanced coverage needs to be transmitted over multiple subframes. The number of repetitions should be kept as minimum as possible in order to reduce UE power consumption and extend UE’s battery life. Therefore, it has been agreed that one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs for enhanced coverage UEs. 
Furthermore, it is preferred that one ‘Physical downlink control channel for MTC’ containing one DCI is only allowed to be mapped to fully occupy available REs in 6 PRB pairs for enhanced coverage UEs from UE power consumption, UE decoding complexity and eNB scheduling complexity perspectives. All the available REs and power are utilized when one ‘Physical downlink control channel for MTC’ containing one DCI is mapped to fully occupy available REs in 6 PRB pairs so that the number of repetitions is minimum. Accordingly, the UE power consumption is minimum. In addition, UE does not need to monitor multiple ALs if one DCI is always mapped to all the available REs in 6 PRB pairs which reduce UE decoding complexity. Also from eNB scheduling complexity perspective, it is simpler if one DCI is always mapped to all the available REs in 6 PRB pairs so that different enhanced coverage UEs can be multiplexed in TDM and/or FDM manner. 
There may be concerns on the scheduling delay if one DCI occupies all the available REs in 6 PRB pairs in the sense that no other UEs can be scheduled during the repetition of ‘Physical downlink control channel for MTC’. However, note that if fewer REs are used, the number of repetitions increases as well. Take a simple example as illustrated in Figure 1. 

[image: image1.emf]UE1 UE2 UE3

UE1

UE2

UE3

Case A: One DCI is mapped to fully occupy available REs in 6 PRB pairs

Case B: One DCI is mapped to partially occupy available REs in 6 PRB pairs

N subframes N subframes N subframes

2N subframes N subframes


Figure 1: Illustration of UE multiplexing
In case A, one DCI is always mapped to fully occupy available REs in 6 PRB pairs. In case B, DCIs for UE1 and UE2 are only mapped to occupy half available REs in 6 PRB pairs. Consequently, the number of repetitions is doubled compared to case A. It can be seen that although transmission of DCI for UE2 can start earlier in case B, only two UEs can be scheduled during 2N subframes in both cases.
Based on above analysis, we propose that for enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is only allowed to be mapped to fully occupy available REs in 6 PRB pairs.
Proposal 1: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is only allowed to be mapped to fully occupy available REs in 6 PRB pairs.
It has been agreed as working assumptions that for Rel-13 low complexity UEs in enhanced coverage, the demodulation of the physical downlink control channel for MTC is based on at least DMRS and Rel-11 EPDCCH is a starting point for design of physical downlink control channel. However, EPDCCH PRB set size of 6 is not currently supported. Based on our proposal 1, we propose that PRB set size of 6 shall be introduced for ‘Physical downlink control channel for MTC’ in enhanced coverage. 
Proposal 2: PRB set size of 6 shall be introduced for ‘Physical downlink control channel for MTC’ in enhanced coverage.
Regarding how to map one DCI to the REs in 6 PRB pairs, one approach is to follow the current EREG definition. Alternatively, the mapping can be simply in increasing order of first in frequency domain then in time domain. Accordingly, new association between REs and DMRS ports needs to be defined. However, it is expected that the association can be simple, e.g. very two adjacent REs are associated with DMRS port107 and DMRS port 109 respectively.

Proposal 3: The RE mapping of EPDCCH for MTC UEs in enhanced coverage is FFS.

For Rel-13 low complexity UE in normal coverage, reusing E-PDCCH specified in Rel.11 would be a natural choice from the aspects of reducing the standardization work and UE implementation complexity. During RAN1 #80 meeting, NC-PDCCH was proposed in [1] for Rel-13 low complexity UE in normal coverage. However, if NC-PDCCH is adopted, the unused resources within 6 PRBs for MTC UEs can’t be shared by other UEs when the MTC traffic load is light. And if CRS is used for demodulation of NC-PDCCH, MBSFN subframes can’t be used for MTC traffic. Furthermore, the REG definition for PDCCH may not be directly reused for NC-PDCCH considering different CRS pattern in the first 1~3 OFDM symbols and the REs potentially reserved for CSI-RS transmission within NC-PDCCH region.  On the other hand, the Rel-11 E-PDCCH design can be directly reused with no or minor modification. DMRS based UE specific beamforming can provide improved performance as observed in the past study such as Rel. 11 E-PDCCH WI. Thus, DMRS based E-PDCCH should be used as the physical downlink control channel for Rel-13 low complexity UE in normal coverage.

Proposal 4: EPDCCH should be used as the physical downlink control channel for Rel-13 low complexity UE in normal coverage.
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 informed configuration. Then the collision problem can be solved, although some REs in the subframe in which CSI-RS is not transmitted may be wasted. In order to improve the transmission efficiency, it is beneficial to inform the UE about the CSI-RS configuration as early as possible, e.g. by signaling the CSI-RS configuration in SIB1 can be considered.
Proposal 5: The collision between physical downlink control channel for Rel-13 low complexity UEs and CSI-RS needs to be considered.

Proposal 6: For UEs in coverage enhanced mode, signaling the CSI-RS configuration in SIB1 can be considered.
3 Conclusions

Based on the analysis on physical downlink control channel for Rel-13 low complexity UEs, we have the following proposals.
Proposal 1: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is only allowed to be mapped to fully occupy available REs in 6 PRB pairs.

Proposal 2: PRB set size of 6 shall be introduced for ‘Physical downlink control channel for MTC’ in enhanced coverage.
Proposal 3: The RE mapping of EPDCCH for MTC UEs in enhanced coverage is FFS.

Proposal 4: EPDCCH should be used as the physical downlink control channel for Rel-13 low complexity UE in normal coverage.
Proposal 5: The collision between physical downlink control channel for Rel-13 low complexity UEs and CSI-RS needs to be considered.

Proposal 6: For UEs in coverage enhanced mode, signaling the CSI-RS configuration in SIB1 can be considered.
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