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1 Introduction
R13 low-complexity UE is unable to read legacy PHICH due to its bandwidth limitation. This contribution discusses ACK/NACK functionality for PUSCH transmission and its realization options. We provide our view on the preferred solution.
2 Necessity and options for HARQ-ACK for PUSCH

For low-complexity UE in normal coverage, ACK/NACK functionality can be performed based on EPDCCH with NDI in DCI. This is straightforward however would suffer from spectral inefficiency. For low-complexity UEs in enhanced coverage, to realize HARQ-ACK without needs of reading legacy PHICH, several options can be considered. The possible options and pros and cons are given below.
2.1 Option 1: NDI in DCI carried by EPDCCH

This is similar to the case for UE in normal coverage. A benefit of this method is less specification impact. However, since for feedback, UE only needs NDI information, this leads to spectral inefficiency when UE operates coverage enhancement. Techniques e.g. a one-state HARQ are proposed on this aspect [1], which seem interesting and can be further discussed.
2.2 Option 2: A common EPDCCH carrying multiplexed ACK/NACK

ACK/NACK of multiple UEs are multiplexed and repeated in the control region on legacy PHICH. Therefore it can enable a common decoding solution for all UEs in the same cell with dynamic variation. A solution intending for similar effects is proposed in [2] to design a common EPDCCH/M-PDCCH channel, of which a common DCI for HI decoding would be necessary.

However, this may not work well because of several reasons:

· Different UEs would require different repetition number and therefore would be unlikely to receive respective ACK/NACK feedback within the same subframe.

· Different UEs may be very likely to occupy different narrowbands in coverage enhancement to efficiently transmit M-PDCCH repetitions. Then a common DCI would lead to retuning for all multiplexed UEs to the same EPDCCH narrowband. This would restrict the eNB scheduling flexibility for a quite long period, i.e. repetition number of common M-PDCCH.

· For decoding of the common DCI, low-complexity UE would need to blind decode by 2 types of RNTI, i.e. the corresponding common RNTI for HI decoding and C-RNTI for EPDCCH decoding. This is not preferred for low-complexity UE for power reduction purpose.

2.3 Option 3: Narrowband-PHICH (EPHICH) 

This is an adjustment of legacy PHICH to narrowband for low-complexity MTC UE. Multiplexed ACK/NACK using PHICH coding manner is proposed [3] to span the whole narrowband and be localized in a few continuous subframes in order to complete feedback as early as possible. This could allow efficient PHICH functionality in MTC narrowband from UE perspective, however would cause some problems from the system perspective for the following reasons:

· Within one subframe, one narrowband would be fully used for EPHCIH transmission and unable to be shared with other UEs for e.g. PDSCH transmission. Then for other UEs in coverage enhancement, the available resource is restricted within such subframes, which accordingly leads to larger repetition in time and more power consumption.

· Multiple UEs may have respective ACK/NACK feedback starting from different subframes. With repetition, this potentially means the resource restriction due to exclusive use for EPHICH may happen frequently which may further result in eNB scheduling restriction. 

· This scheme needs large specification work. 

Because of the above consideration, we have

Proposal 1: HARQ-ACK functionality for PUSCH for low-complexity MTC UE operating coverage enhancement is supported and can be performed using the NDI field in M-PDCCH.
· Further optimization is not precluded for reducing the signaling overhead due to EPDCCH repetition.
3 Conclusions
The HARQ functionality realization for PUSCH was discussed in the contribution. Several options were compared and our proposal is:
Proposal 1: HARQ-ACK functionality for PUSCH for low-complexity MTC UE operating coverage enhancement is supported and can be performed using the NDI field in M-PDCCH.
· Further optimization is not precluded for reducing the signaling overhead due to EPDCCH repetition.
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