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1 Introduction

In RAN1#78bis, it has been agreed some details of physical downlink control channel for MTC. The agreements were as follows:
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 provide further details of physical downlink control channel for MTC, more specifically the FFS issues in the above agreement.
2 Physical downlink control channel for MTC 
In RAN1#78bis, it has been agreed the physical downlink control channel for MTC which will be used to transmit DCI messages to at least Rel-13 low complexity UEs for unicast transmission. In our view, this control channel will also be used for Rel-13 low complexity UEs in coverage enhanced mode.
Furthermore, one of the open issue is whether the design of the physical downlink control channel for MTC is based on existing PDCCH or EPDCCH defined in earlier releases. However, looking at closely, the main benefits of EPDCCH over PDCCH are to support beamforming and to improve spatial reuse of control resource [4]. Therefore, based on these benefits, the physical downlink control channel for MTC should be based on EPDCCH. This also means that its demodulation should be based on DMRS.
Observation: The main benefits of EPDCCH over PDCCH are to support beamforming and to improve spatial reuse of control resource.
Proposal 1: The design of the physical downlink control channel for MTC should be based on EPDCCH
In the last meeting, in case eNB system bandwidth is 1.4MHz, it has been argued to allow Rel-13 low complexity UE to access 1.4 MHz system bandwidth using legacy PDCCH. The motivation was that from system perspective, it is not efficient to operate both legacy PDCCH and a new control channel as the system resources in 1.4MHz are very limited. Therefore, it is suggested to have PDCCH channel in order legacy UEs and Rel-13 low complexity UEs can share PDCCH resources such as transmission of common control messages. 
A follow-up question is that if it is allowed Rel-13 low complexity UE to access 1.4 MHz system bandwidth using legacy PDCCH whether it also means that the legacy PDCCH will be enhanced to handle in coverage enhanced mode for 1.4 MHz system bandwidth. 
If the answer is yes, the consequence is that it would lead to design two different control channels, one for 1.4MHz system bandwidth based on PDCCH for coverage enhanced mode and another for system bandwidth greater than 1.4MHz based on EPDCCH for coverage enhanced mode. So, at the end, Rel-13 low complexity UE has to implement both PDCCH and EPDCCH in coverage enhanced mode.

If the answer is no, then, the consequence is that either 1.4 MHz system bandwidth will not support coverage enhanced mode which is not acceptable or the coverage enhanced mode has to be based on EPDCCH. So, again, Rel-13 low complexity UE has to implement both PDCCH and EPDCCH in coverage enhanced mode.

In our view, the objective of this WI is to design a low complexity terminal, so, in order to reduce the complexity and cost of such terminals, the design should avoid any redundant features, therefore, Rel-13 low complexity UE should not be allowed to access even for 1.4 MHz system bandwidth using legacy PDCCH.

Observation: If it is allowed Rel-13 low complexity UE to access 1.4 MHz system bandwidth using legacy PDCCH, it would mean that the Rel-13 low complexity UE have to implement two different control channels (i.e. legacy PDCCH and EPDCCH) which will increase the complexity and cost of such terminals.
Proposal 2: Rel-13 low complexity UE should not be allowed to access even for 1.4 MHz system bandwidth using legacy PDCCH.

Moreover, if it is concluded that the physical downlink control channel for MTC is based on EPDCCH, then it is straight forward to confirm some of the Rel-12 WI agreements by replacing E)PDCCH with ‘Physical downlink control channel for MTC’, at least the followings:

· For UEs in enhanced coverage mode for MTC, 
· for UE-specific search space, 
· ‘Physical downlink control channel for MTC’ to schedule PDSCH is supported.
· Repetition of ‘Physical downlink control channel for MTC’ with multiple levels is supported. 
· From the UE perspective, the possible starting sub-frames of ‘Physical downlink control channel for MTC’ repetitions are limited to a subset of sub-frames.
· For UEs in enhanced coverage mode for MTC, 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 and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by ‘Physical downlink control channel for MTC’. FFS on how to derive it or fixed by spec.
· 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)
Conclusion

In this contribution, we have discussed some details of physical downlink control channel for MTC and we have the following observations and proposals:
Observation: The main benefits of EPDCCH over PDCCH are to support beamforming and to improve spatial reuse of control resource.
Observation: If it is allowed Rel-13 low complexity UE to access 1.4 MHz system bandwidth using legacy PDCCH, it would mean that the Rel-13 low complexity UE have to implement two different control channels (i.e. legacy PDCCH and EPDCCH) which will increase the complexity and cost of such terminals.

Proposal 1: The design of the physical downlink control channel for MTC should be based on EPDCCH
Proposal 2: Rel-13 low complexity UE should not be allowed to access even for 1.4 MHz system bandwidth using legacy PDCCH.
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