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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 PHICH according to the WID. In this contribution, we analyze PHICH for Rel-13 low complexity UEs.
2 Discussion

As Rel-13 low complexity UEs support 1.4 MHz RF bandwidth in downlink and uplink only, legacy control region including PCFICH, PDCCH and PHICH is not supported by Rel-13 low complexity UE in systems with bandwidth larger than 1.4MHz.
Given that HARQ is supported for PUSCH, one solution is to eliminate PHICH function, i.e. to support adaptive retransmission only for PUSCH. The downlink control channel defined for Rel-13 low complexity UEs is used in this case. The advantage of this solution is less specification impact since no new PHICH needs to be specified for Rel-13 low complexity UEs. However, the disadvantage is the increased signaling overhead, which is expected to be high especially for low complexity UEs in enhanced coverage mode. Furthermore, semi-persistent scheduling is expected to be useful for some MTC applications, where a certain amount of data is transmitted by each MTC device after a time duration. Relying only on UL grant for SPS retransmission induces significant DL control overhead if the number of SPS UEs is large, which is typically the case for such MTC applications. An alternative solution is to define a narrowband new PHICH for Rel-13 low complexity UEs. In this case, signaling overhead for PUSCH retransmission can be reduced at the cost of large specification impact.

As a physical downlink control channel will be defined for Rel-13 low complexity UE, a potential trade-off solution is to convey the PUSCH HARQ-ACK in a DCI transmitted by the downlink control channel to balance signaling overhead and specification impact. Multiple PUSCH HARQ-ACK bits can be multiplexed in the same DCI, where e.g. each PUSCH HARQ-ACK corresponds to a PRB and a cyclic shift of the PUSCH DMRS.
Proposal 1: Support multiplexing of PUSCH HARQ-ACK for Rel-13 low complexity UEs by a DCI transmitted over the downlink control channel for Rel-13 low complexity UEs.

3 Conclusions

Based on the analysis on PHICH for Rel-13 low complexity UEs, we have the following proposal.

Proposal 1: Support multiplexing of PUSCH HARQ-ACK for Rel-13 low complexity UEs by a DCI transmitted over the downlink control channel for Rel-13 low complexity UEs.
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