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1. Introduction
Enhanced PDCCH (ePDCCH) has been agreed to be introduced based on considerations from CoMP, new carrier type and DL MIMO. During the discussion about downlink control channel enhancement, PHICH enhancement has also been suggested in a number of contributions [1]-[6]. In this contribution, we sum up the main motivations for enhanced PHICH and give our proposal on enhanced PHICH (ePHICH).
2. Motivations for enhanced PHICH 
PHICH may have problems in CoMP scenarios. One such problem is the limited capacity in CoMP scenario 4, where heavier uplink traffic could be supported thanks to uplink splitting gain, thus demanding more PHICH resources. Especially, for semi-persistent scheduling (SPS) type of UEs located in different RRHs, PHICH collision will occur if more than one PUSCH possess the same lowest PRB index [2]
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 \* MERGEFORMAT [4]
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 \* MERGEFORMAT [6] as shown in Fig.1. This is due to the fact that PHICH linkage is solely determined by the lowest PUSCH PRB index since DM-RS cyclic shift is fixed to zero in SPS case.
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Fig.1 PHICH collision in CoMP scenario 4
As for heterogeneous networks, interference could be a major problem for the downlink control channel. More specifically, PHICH are multiplexed with PDCCH in the relatively fixed positions of the first several OFDM symbols, thus having not enough freedom to avoid interference from neighbor cells. As interference problem contributes one main motivation to introduce ePDCCH, when it comes to PHICH, this interference issue should also be carefully considered.
Furthermore, ePDCCH is intended to operate in a new carrier type where there may be no CRS. In such a case, acknowledgement of UL transmissions would require some modification of PHICH to be able to operate without CRS.
Observation: PHICH could possibly have capacity and interference problems in CoMP scenario 4 and heterogeneous networks respectively, and have difficulties for new carrier type. It is necessary to introduce an enhanced ePHICH for future use. 

3. Initial considerations for enhanced PHICH 

As for ePHICH, it may seem natural that it is also placed in PDSCH region, which will allow frequency domain ICIC and also leave room for possible capacity extension. Considering that one PHICH (PHICH group) only occupies 12 REs currently, it could be rather inefficient to allocate a whole PRB or PRB pair to one ePHICH. In our view, multiple ePHICHs should be multiplexed within one PRB pair, and also ePHICH can be multiplexed with other channels, for example, multiplexed with ePDCCH or possibly PDSCH. The basic rule is that ePHICH should not affect the access to PDSCH for legacy UEs.
To gain from beamforming, spatial reuse and frequency-domain ICIC, DM-RS can be used for ePHICH demodulation. This also makes ePHICH applicable in MBSFN subframe. DM-RS can also be used for Tx diversity transmission of ePHICH, where multiple UEs share common DM-RS ports. As for DM-RS based ePHICH transmission, DM-RS overhead should be taken into consideration.
As a starting point, ePHICH may reuse PHICH structure, where orthogonal sequences are used to distinguish different UEs within a group. In this case, Tx diversity could serve as a promising scheme to provide relatively robust performance for multiple UEs, while beamforming is hard to be deployed since different UEs may report different recommended PMIs. However, if ePHICH separates UEs by allocating different time-frequency resources, beamforming can then be performed towards a particular UE to harvest beamforming gain. Whether Tx diversity and/or beamforming are supported for ePHICH is to be further studied. In addition the possibility of applying channel coding to PHICH could be considered, for example multiple PHICHs could be transmitted in the same code block.
Proposal: Dedicating a whole PRB/PRB pair is inefficient for ePHICH; ePHICH should be based on DM-RS; ePHICH may reuse PHICH structure as a starting point and correspondingly support Tx diversity, while beamforming is to be further studied for ePHICH; the possibility of applying channel coding to PHICH could be considered for enhanced PHICH.
4. Conclusions
Based on the above discussions, we propose to introduce an ePHICH within the PDSCH region targeting at least capacity and interference issues in CoMP and heterogenous scenarios, and also application for new carrier type. Our observation and proposal are summarized below:
Observation: PHICH could possibly have capacity and interference problems in CoMP scenario 4 and heterogeneous networks respectively, and have difficulties for new carrier type. It is necessary to introduce an enhanced ePHICH for future use. 

Proposal: Dedicating a whole PRB/PRB pair is inefficient for ePHICH; ePHICH should be based on DM-RS; ePHICH may reuse PHICH structure as a starting point and correspondingly support Tx diversity, while beamforming is to be further studied for ePHICH; the possibility of applying channel coding to PHICH could be considered for enhanced PHICH.
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