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1 Introduction

This contribution discusses HARQ aspects for Rel-13 low complexity (LC) and coverage enhanced (CE) UEs for MTC [1].
We have submitted a related RAN2 contribution in R2-153721 which complements this contribution.
2 Number of HARQ processes
In enhanced coverage, lower data rates and higher latency have to be tolerated. With the subframe repetitions of M-PDCCH, PDSCH, PUSCH and PUCCH, the HARQ time line will need to be prolonged and it is reasonable to reduce the number of active HARQ processes. In the worst coverage scenarios, with HD-FDD operation, the number of HARQ processes should probably be 1, and it may only be possible to operate either the PDSCH-related procedures or the PUSCH-related procedures at a time. This is illustrated in Figure 1 through Figure 4.
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Figure 1: Max number of HARQ processes = 4 when one repetition in time.

[image: image2.emf]2 3 4

7 8 9 10

13 14 15 16 1

DL

UL


Figure 2: Max number of HARQ processes = 2 when two repetitions in time.
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Figure 3: Max number of HARQ processes = 2 when three repetitions in time.
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Figure 4: Max number of HARQ processes = 1 when four or more repetitions in time.

According to the WID [1], the solutions should be optimized for HD-FDD and TDD. Therefore, in order to save standardization efforts, we would be open to limit the number of HARQ processes in enhanced coverage to 1 also for FD-FDD.

Proposal:

· If the UE is operating large coverage enhancement,

· UE supports use of up to N = 1 DL HARQ process to receive unicast PDSCH.
· UE supports use of up to M = 1 UL HARQ process to transmit unicast PUSCH.
We are also open to consider reducing the maximum number of DL/UL HARQ processes supported by an LC UE if this helps reduce the UE cost significantly by reducing the soft buffer size. Otherwise we prefer to keep the same number of DL/UL HARQ processes as for Rel-12 Cat-0 UEs.
Proposal:

· If the UE is in normal coverage, the number of DL/UL HARQ processes is the same as for Rel-12 Cat-0 UEs.
3 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 M-PDCCH 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 M-PDCCH 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.

Proposals:
· Do not specify a new ‘EPHICH’ channel.

· PUSCH HARQ-ACK feedback is realized using M-PDCCH.

· Whether to interpret DTX as ACK or NACK is FFS.

4 Conclusions

This contribution discussed HARQ aspects for LC/CE UEs.
Proposals:

1. If the UE is operating large coverage enhancement,

· UE supports use of up to N = 1 DL HARQ process to receive unicast PDSCH.

· UE supports use of up to M = 1 UL HARQ process to transmit unicast PUSCH.

2. If the UE is in normal coverage, the number of DL/UL HARQ processes is the same as for Rel-12 Cat-0 UEs.

3. Do not specify a new ‘EPHICH’ channel.

4. PUSCH HARQ-ACK feedback is realized using M-PDCCH.

5. Whether to interpret DTX as ACK or NACK is FFS.
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