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1 Introduction

Legacy UEs can obtain HARQ-ACK information for a PUSCH transmission either directly through a PHICH or indirectly through the NDI in a following UL DCI format. The PHICH functionality is important to minimize UL DCI overhead particularly when link adaptation for PUSCH retransmissions is not needed. This is more likely to be the case for Rel-13 low cost UEs than for legacy UEs due to the typically smaller data TBs, the transmission bandwidth restrictions, and the likely need for repetitions of a DCI format transmission due to the 1 Rx antenna, the Rx restriction within 6 PRBs, or the channel environment that may introduce large path-loss. 
Rel-13 low cost UEs cannot receive legacy PHICH due to the constraint in the reception bandwidth. Therefore, PHICH functionality needs to be provided separately for Rel-13 low cost UEs than for legacy UEs. This contribution considers support of PHICH functionality for Rel-13 low cost UEs.
2 PHICH Functionality
Due to the small data TBs associated with many applications for Rel-13 low cost UEs, even a reduced DCI format size requires resources that are in the same order of magnitude as the resources for a small data TB transmission (since M-PDCCH requires ~1% BLER while PDSCH requires ~10% or larger BLER as it benefits from HARQ). Therefore, from a spectral efficiency standpoint, considering the potentially very large number of Rel-13 low cost UEs and the transmission of small data TBs, it becomes evident that DL control overhead is much more “expensive” for Rel-13 low cost UEs than it is for legacy UEs and can be a big burden to the spectral efficiency in a network if the majority of PUSCH retransmissions are dynamically scheduled. Moreover, any benefit for adaptive PUSCH transmissions does not practically exist due to the small TBS, the restriction of the transmission bandwidth within 6 RBs and, for many low cost UE applications, by the absence or limitation in mobility. For these reasons, SPS PUSCH or non-adaptive PUSCH retransmissions need to be supported and this in turn necessitates support for PHICH functionality. 
Observation: HARQ-ACK functionality is practically necessary for PUSCH transmissions from the majority of low cost UEs. 

One concern with supporting PHICH functionality for low cost UEs is the design of a new channel. However, specification or implementation complexity can be marginal by re-using a DCI format that low cost UEs will be required to support – similar to using DCI Format 3/3A, having the same size as DCI Format 0 or 1A, to convey TPC commands for legacy UEs. 
Another concern is that overhead reductions relative to adaptive PUSCH retransmissions may not be large in case only few low cost UEs are scheduled per subframe or, for coverage enhanced operation, per number of subframes corresponding to respective repetitions. This concern can be avoided at least for SPS PUSCH as the scheduler can place SPS PUSCH transmissions from low cost UEs so that a first repetition for an M-PDCCH transmission conveying HARQ-ACK is in the same subframe. For example, SPS PUSCH transmissions with the same number of repetitions can simultaneously start, SPS transmission requiring half the number of repetitions can start half a number of subframes later, and so on. Considering that SPS PUSCH, particularly from coverage limited UEs, will require 1 RB for transmission, it is straightforward for a scheduler to appropriately arrange the SPS PUSCH transmissions. This can also minimize the UL bandwidth fragmentation that may be caused by transmissions from low cost UEs. 
The DCI format to convey HARQ-ACK information for PUSCH transmission can have the same size as a DCI format in a CSS for Rel-13 low cost UEs (e.g. for RAR/paging or for TPC commands for UE transmitting SPS PUSCH/PDSCH without repetitions) [1]. Similar to the TPC-RNTI for legacy UEs, a different RNTI (e.g. HARQ-RNTI) can be used to differentiate the purpose of the DCI format (this also offers CRC protection for HARQ-ACK information which does not exist for legacy PHICH). Alternatively, the DCI format for HARQ-ACK transmissions may not have an associated RNTI in order to further reduce the overhead but a lower BLER (0.1% instead of 1%) needs to be targeted. 
Proposal: HARQ-ACK information for PUSCH transmissions from low cost UEs is supported through a DCI format transmitted on CSS and having the same size as a DCI format scheduling transmission of paging or RAR. 

3 Conclusions

This contribution considered whether PHICH functionality needs to be provided to low cost UEs and, if so, a corresponding mechanism, and proposes the following.  
Proposal: HARQ-ACK information for PUSCH transmissions from low cost UEs is supported through a DCI format transmitted on CSS and having the same size as a DCI format scheduling transmission of paging or RAR. 
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