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1. Introduction
In recent RAN #1 meeting, RAN1 discussed downlink control signalling enhancements within downlink MIMO enhancement study item. In last discussions, the motivations for PDCCH enhancements (E-PDCCH) are considerably parted in two aspects; to improve PDCCH capacity and reduce interference on the PDCCH [1]~[5]. Also, design considerations for PDCCH enhancements (e.g., structure, signalling, etc.) were discussed. The discussion so far has been aimed for ePDCCH itself while there might be some issues on the related DL/UL HARQ control channels. 
This contribution discusses the necessities and design approaches of a new ePHICH while that of ePDCCH itself is discussed in our companion contributions [6], [7]. Also, the resource allocation for PUCCH in conjunction with ePDCCH is discussed.
2. Enhanced PHICH (ePHICH)

It is likely to experience high interference circumstances in legacy control region (i.e., PDCCH, PHICH and PCFICH), especially in co-channel heterogeneous networks. It is hard to coordinate interferences between PDCCHs/PHICHs from different cells because legacy PDCCH and PHICH are located in the earliest OFDM symbols in each subframe. If the new ePDCCH is designed in PDSCH region, the interference can be effectively handled in conjunction with frequency domain eICIC. This could be one of the main strong reasons to introduce ePDCCH. Likewise, this interference aspect would be also hold for PHICH since it is transmitted on control region. In other words, PHICH is also likely to experience high interferences like PDCCH where the error probabilities of ACK-to-NACK and NACK-to-ACK could be significantly increased.
To address this issue, one might suggest the adaptive HARQ procedure which always requires UL grant at every retransmission event. The NDI toggling in DCI can be used for a UE to recognize NACK or ACK whether the UE shall retransmit the PUSCH or not, respectively. However, the overhead of UL grant at every retransmission would not be negligible in which it could result in more ePDCCH overheads compared to legacy PDCCH as well as DL throughput decreases. 
Therefore, it is worth considering the ePHICH design on PDSCH region to have a balance for them. In this way, both non-adaptive HARQ without UL grant and adaptive HARQ with UL grant can be implemented like Rel-10. 
Proposal 1: Introducing an ePHICH should be considered since PHICH is also likely to experience high interferences like PDCCH.
If the ePHICH is introduced, some design aspects can be considered as follows;
Effective coding rate

 The effective coding rate of legacy PHICH is 1/12 with length-4 spreading and 3 time repetition coding. In order not to make it worse, keeping the coding rate of 1/12, at least, can be a good starting point. The exact value of coding rate can be further discussed together with the ePHICH structure.
Frequency reuse

 Both PHICH and PDCCH are transmitted in the legacy PDCCH region (e.g., the first three OFDM symbols). The PHICH has different frequency shifts depending on the physical cell ID. However, there are still collisions between PHICHs or between PHICH and PDCCH from different cells. This is mainly due to the fact that the PHICH and PDCCH are multiplexed in an FDM manner in which there is still possible to collide with each other from different cells. Therefore, the frequency reuse together with PHICH/PDCCH multiplexing can be considered in designing ePHICH.
ePHICH decoding aspect
The ePHICH can be designed based on either DM RS based or non-coherent based way. With DM RS based approach, for example, there might be some restrictions to schedule ePDCCH and ePHICH in the same PRB depending on the ePDCCH/ePHICH designs. On the other hands, there is no connected restriction with non-coherent based ePHICH design although the ACK/NACK performances should be further confirmed. 
Resource allocation aspect for ePHICH
The resource allocation for ePHICH can be implemented in either implicit or explicit way. The implicit method can be similar to legacy one like lowest PRB index based approaches together with UL DM RS cyclic shift offset in UL grant. The explicit signalling by RRC or UL grant can be also considered. 
Proposal 2: If an ePHICH is introduced, it is recommended that the aspects of effective coding rate, frequency resue, ePHICH decoding aspect, and resource allocation aspect for ePHICH are considered to design it.
3. Resource allocation for PUCCH with ePDCCH

The resource allocation for PUCCH can be done either in implicit way using the index of ePDCCH similar to Rel-10 or in explicit way by RRC or DL assignment. One merit of implicit method would be that it can efficiently utilize the dynamic resources for PUCCH according to the scheduled circumstances. However, if the regions of PUCCH for legacy PDCCH and for ePDCCH are shared each other, a solution for resource collisions between them should be also needed when the corresponding PUCCH resource indices become same. In addition, the legacy UE impact considering the PUCCH resource regions for dynamic and semi-static ACK/NACK should be also studied with the implicit resource allocation. On the other hands, the explicit resource allocation by pure RRC signaling may not be proper since it needs to reserve a lot of PUCCH resources for multiple RRC_CONNECTED UEs where the situation is obviously different from Un link in relay.

Proposal 3: An efficient method for resource allocation with ePDCCH should be further studied considering the co-existence of legacy and Rel-11 UEs using ePDCCH.

4. Conclusion
This contribution discussed the necessity of ePHICH and some design aspects as well as the resource allocation method for PUCCH in the context of ePDCCH. Based on the discussions, our proposals are summarized below;

Proposal 1: Introducing an ePHICH which is also likely to experience high interferences like PDCCH should be considered.
Proposal 2: If an ePHICH is introduced, it is recommended that the aspects of effective coding rate, frequency resue, ePHICH decoding aspect, and resource allocation aspect for ePHICH are considered to design it.
Proposal 3: An efficient method for resource allocation with ePDCCH should be further studied considering the co-existence of legacy and Rel-11 UEs using ePDCCH.
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