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Introduction
In this contribution, we discuss some considerations on PHICH for Rel-13 low complexity UEs and UEs in enhanced coverage.
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Discussion
In the legacy system, HARQ ACK/NACK for UL data transmission is sent to a UE on PHICH.  However, Rel-13 low complexity UEs with reduced UE bandwidth of 1.4 MHz cannot receive PHICH. Therefore, alternative mechanisms for HARQ ACK/NACK feedback should be considered for Rel-13 low complexity UEs. 
2.1. Replace HARQ NACK feedback for PUSCH with UL grant on EPDCCH
Similar problem about PHICH reception was existed on relay backhaul link. A relay node should transmit PDCCH during the first 1~2 OFDM symbols on a DL backhaul subframe, thus it cannot receive PHICH from its mother eNB. So, a relay node depends on the UL grant for UL retransmission without HARQ ACK/NACK feedback reception from PHICH. When reception of PUSCH from a relay node is failed at the mother eNB, it transmits UL grant to the relay node for triggering retransmission. For a low complexity UE, the similar mechanism can be adopted i.e. the eNB can transmit UL grant on (E)PDCCH to indicate NACK and trigger HARQ retransmission for the Rel-13 low complexity UE. 
This alternative can be a straightforward solution without large specification impact. However, considering the population of low complexity UEs for MTC operation deployed in a cell, control overhead for UL grant to indicate HARQ NACK instead of PHICH will be large, which was expected to be reasonable for relay case because the small number of relay nodes can be assumed in a cell. Moreover, if the coverage enhancement technique e.g. repetition on the transmission of (E)PDCCH is applied, the resource overhead will be much larger.
2.2. Design of EPHICH for Rel-13 low complexity UEs
As described above, assuming a large number of Rel-13 low complexity UEs for MTC operation, the resource overhead of UL grant DCI for NACK indication instead of PHICH is not negligible. To avoid the resource overhead, introducing a new physical channel e.g. EPHICH to indicate HARQ ACK/NACK feedback on PDSCH region can be considered. If EPHICH is introduced, a certain amount of resource in PDSCH region should be assigned for EPHICH. Therefore, in order to maximize the resource utilization efficiency, it should be carefully investigated that how many REs should be assigned for EPHICH in a PRB and how to multiplex EPHICH with EPDCCH and PDSCH. 
2.3. Compact DCI based ACK/NACK feedback
As an alternative way to reduce control overhead of UL grant based ACK/NACK feedback, a compact DCI format for HARQ NACK indication can be defined by removing the unnecessary information from UL grant DCI. For example, if non-adaptive HARQ retransmission is applied, we can define a compact DCI format with 1 bit HARQ NACK indication. Definition of compact DCI format for ACK/NACK feedback requires less specification complexity than introducing EPHICH, however, the effect in control overhead reduction may be less than the EPHICH because of the CRC attachment and (E)CCE based resource allocation granularity. 

Conclusion
In this contribution we discussed HARQ ACK/NACK feedback for PUSCH of Rel-13 low complexity UEs and UEs in enhanced coverage. We should investigate carefully the benefit or tradeoff between the control overhead reduction and specification complexity on whether to introduce a new physical channel, i.e. EPHICH or compact DCI format for UL HARQ ACK/NACK feedback for low complexity MTC UEs. 



