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1 Introduction

This contribution discusses some design options for the ‘Physical downlink control channel for MTC’ which is being specified within the Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1].
2 Low complexity UEs in 1.4 MHz system bandwidth and normal complexity UEs in enhanced coverage
RAN1#79 and RAN#80 made the following agreements:
	· Legacy PCFICH, PDCCH and PHICH are not received by Rel-13 low complexity UEs at least for system BW>1.4MHz.

· 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.


A revised WID with the following clarifications has been agreed [1]:
· The work should target high commonality between different system bandwidths.

· Basically the coverage enhancement solutions should be the same for the new low complexity UE category/type and for other UEs, however if a divergence cannot be avoided, the specification work for the new low complexity UE category/type should be given higher priority.

In the spirit of the revised WID we propose the following generalizations of the earlier RAN1 agreements. Further motivation is provided in [2] and [3].
Proposals:

· Rel-13 low complexity UEs are not required to receive legacy PCFICH, legacy PDCCH and legacy PHICH in any system bandwidth.

· This does not preclude the possibility of the UE optionally supporting these channels in 1.4 MHz system bandwidth.

· For UEs in enhanced coverage,
· 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 UEs in enhanced coverage, at least for unicast channel,
· 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.

3 EPDCCH or PDCCH as design basis

RAN1#80 made the following 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.


The ‘Physical downlink control channel for MTC’ needs to be mapped to the ‘PDSCH region’ rather than the ‘PDCCH region’ and the transmission should be narrowband (max 6 PRBs). We see EPDCCH as the most natural candidate as a starting point for design of the control channel and would therefore like to confirm the working assumption and to apply it also to Rel-13 low complexity UEs in normal coverage.

We have a strong preference for adopting a single design basis for the ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and Rel-13 coverage enhanced UEs rather than two different ones, mainly in order to increase the likelihood of successful, timely completion of the work item and as early introduction of the features in the market as possible. Note that the WID [1] stipulates the following:
· The work with the physical layer control signalling (e.g. EPDCCH) and higher layer control signalling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.

A common solution between the two can also help increase the possibility for EPDCCH resource sharing.

Proposals:
· Confirm 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.

· Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC for MTC UEs in coverage enhancement and for Rel-13 low complexity UEs.
4 Realization of PHICH functionality

The wideband legacy PHICH channel cannot be received by Rel-13 low complexity UEs, except possibly in the special case with 1.4 MHz system bandwidth.
HARQ-ACK feedback can be implemented using EPDCCH instead of PHICH. The signaling may become somewhat inefficient since even if the DCI is small (e.g. a single ACK/NACK bit), a 16-bit CRC will be attached to it.
One possibility is to multiplex the HARQ-ACK feedback intended for several different UEs in a single DCI, similarly to how multiple TPC commands can be multiplexed in DCI format 3/3A which is scheduled with a shared TPC RNTI. However, we foresee some difficulties with trying to do this multiplexing for bandwidth reduced and/or coverage enhanced UEs:

· Different UEs may use different repetition factors for the various physical channels. Unless the UEs are time aligned somehow, it may be rather unlikely that their HARQ-ACK feedback transmissions will coincide. But such time alignment between users may also cause inefficiencies e.g. due to reduced scheduling flexibility, and especially if it means that some UEs will need to use a longer EPDCCH repetition factor than they would need otherwise.
· Different UEs may reside in different PRB groups and this could mean that they may need to retune their respective UE center frequencies in order to be able to receive the shared HARQ-ACK DCI transmission. This may result in an unwanted restriction of the scheduling flexibility, since when multiple UEs retune to the same PRB group, the eNB will have very little freedom to do anything else than to transmit a shared HARQ-ACK DCI and nothing else to these UEs.

· Requiring different UEs to receive the same channel potentially requires a common search space on EPDCCH. As indicated in [4], we see no need for a common search space for common channels.

Observations:
· The HARQ-ACK feedback functionality can be implemented using EPDCCH instead of PHICH.
· It is not obvious that multiplexing HARQ-ACK feedback for multiple Rel-13 low complexity and/or coverage enhanced UEs in the same DCI can provide efficiency gains in a straightforward way.

5 Conclusions

We have the following proposals and observations on the ‘Physical downlink control channel for MTC’.
Proposals:
· Rel-13 low complexity UEs are not required to receive legacy PCFICH, legacy PDCCH and legacy PHICH in any system bandwidth.

· This does not preclude the possibility of the UE optionally supporting these channels in 1.4 MHz system bandwidth.

· For UEs in enhanced coverage,
· 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 UEs in enhanced coverage, at least for unicast channel,
· 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 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.

· Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC for MTC UEs in coverage enhancement and for Rel-13 low complexity UEs.

Observations:

· The HARQ-ACK feedback functionality can be implemented using EPDCCH instead of PHICH.

· It is not obvious that multiplexing HARQ-ACK feedback for multiple Rel-13 low complexity and/or coverage enhanced UEs in the same DCI can provide efficiency gains in a straightforward way.
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