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1. Introduction
Along with the attention given to ePDCCH, ePHICH has also been discussed in a number of contributions [1]-[11]. In this contribution, we share our views on motivation and requirements for ePHICH, and give our proposals on design aspects of ePHICH.
2. Discussion 
2.1. Motivation and requirements for ePHICH
In CoMP scenario 4, PHICH could have the problem of capacity shortage [1]. As PHICH is originally designed for single cell use and cannot support spatial reuse in the shared cell ID case, it may not fulfill the requirement of heavier uplink traffic provided by cell splitting in CoMP scenario 4.  Additionally, PUSCH reuse among different RRHs could possibly induce PHICH resource collision, such as UE1 and UE2 shown in Fig.1.
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Fig.1 PHICH collision in CoMP scenario 4
As for heterogeneous networks, interference could be a major problem for downlink control channels. More specifically, PHICH is multiplexed with PDCCH in the relatively fixed position of the first several OFDM symbols, thus having not enough freedom to avoid interference from neighbor cells. This will deteriorate the performance especially for UEs in the CRE region. As the interference problem contributes one of the main motivations 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 suitable CRS for demodulation of legacy PHICH. In such a case, any acknowledgement of UL transmissions would require some modification of PHICH to be able to operate without CRS. 
Also for future MTC UE consideration, if bandwidth reduction for control channels is supported, PHICH which spans across the whole bandwidth cannot be applied for narrow band operation.
Based on all the aforementioned, we arrive at the following observation.
Observation: PHICH could have capacity limitations and interference problems in CoMP scenario 4 and heterogeneous networks, and have difficulties when applied to new carrier type and for narrow band operation (e.g. for MTC UEs). Therefore it is necessary to introduce an ePHICH. 
2.2. Design aspects of ePHICH 

It may seem natural that ePHICH is placed in the PDSCH region, which avoids impact on legacy control channels and also allows frequency domain ICIC and possible capacity extension. To gain from spatial reuse and possibly beamforming, DM-RS seems a reasonable choice for ePHICH demodulation, which also makes ePHICH applicable in new carrier type and MBSFN subframes. 
Proposal 1: ePHICH demodulation should be based on DM-RS.
To improve spectrum efficiency, ePHICH multiplexing should be given particular considerations. As for multiplexing between ePHICHs, ePHICH may reuse the definition of PHICH group, where groups are multiplexed in a FDM/TDM manner, and orthogonal Walsh sequences are used to distinguish different PHICHs (UEs) within each group. Considering the property of targeting a group of UEs, an efficient way could be multiplexing ePHICH with ePDCCH CSS in a set of PRB pairs. Within these PRB pairs, symbols not occupied by DM-RS or CSI-RS could be desirable positions for ePHICH, where the REG definition from Release 8 could be reused, or a modified definition adopted in line with ePDCCH, and ePHICH could be placed close to DM-RS to enjoy better channel estimation. Also consistency should be kept between ePHICH and ePDCCH CSS in terms of transmission scheme and DM-RS configuration. 
As for ePHICH transmission, it seems difficult to perform UE-specific beamforming since the available DM-RS ports within each PRB pair are limited. In contrast, DM-RS based transmit diversity is a more reasonable choice, where common DM-RS ports can be shared among multiple UEs. As for transmit diversity in ePDCCH, it has been observed that a configuration with two DM-RS ports has a performance advantage over that of four DM-RS ports [12] [13]. Similarly, two DM-RS ports should also be supported for ePHICH. However, which ports (e.g. port 7, 9 or port 7, 8) should be used is FFS.
Proposal 2: ePHICH may reuse PHICH structure as a starting point and support transmit diversity, while multiplexing with ePDCCH and DM-RS configuration are FFS.
In any case the UE needs to know the time-frequency bit position within ePHICH that it should monitor. As in Rel. 8, implicit linkage could serve as a starting point to indicate the appropriate ePHICH information bit(s).
Proposal 3: The linkage between PUSCH resource and ePHICH information bits(s) should be defined.
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 similarly to DCI format 3/3A.
Proposal 4: the possibility of applying channel coding to PHICH could be considered.
3. Conclusions
In this contribution, we propose to introduce an ePHICH within the PDSCH region. We give our proposals on ePHICH design mainly from reference signal, multiplexing, transmission schemes, resource indication and channel coding. Our observation and proposal are summarized below:
Observation: PHICH could have capacity, interference problems in CoMP scenario 4 and heterogeneous networks, and have difficulties when applied to new carrier type and MTC UE. Therefore it is necessary to introduce an ePHICH.
Proposal 1: ePHICH demodulation should be based on DM-RS.
Proposal 2: ePHICH may reuse PHICH structure as a starting point and support transmit diversity, while multiplexing with ePDCCH and DM-RS configuration are FFS.
Proposal 3: The linkage between PUSCH resource and ePHICH information bits(s) should be defined.
Proposal 4: the possibility of applying channel coding to PHICH could be considered.
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