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1 Introduction 
In [1] we discussed the necessity of enhancing PHICH in heterogeneous networks as well in the shared cell-ID CoMP scenario in relation to interference coordination and A/N collision avoidance. In this contribution we continue to discuss in more detail technical aspects to design an enhanced PHICH (ePHICH) analogous to the ePDCCH.
2 Discussions

2.1 Design principles of ePHICH

Currently, an enhanced PDCCH (i.e., ePDCCH) is being investigated to support frequency-domain ICIC and beam-forming. The ePDCCH is located in the data region (i.e., PDSCH) and demodulated based on DMRS transmitted within the PRB(s) allocated for the DCI transmission. ePHICH would better be jointly designed with ePDCCH to enjoy some similar benefits and save design effort. It is natural to also position the ePHICH in the PDSCH region as well as to use DMRS self contained within the occupied PRBs for the ACK/NACK demodulation. The design principles summarized for ePHICH in [1] are recapped as below: 
· The allocation of ePHICH should not affect Rel-8/9/10 UEs when they access the Rel-8/9/10 DL control channels and shared channels.   

· The performance of the ePHICH should not be lower than that of legacy PHICH.
· The ePHICH should support the existing PHICH-PUSCH linkage scheme or new linkage schemes in the future.  
We should bear these principles in mind when designing the ePHICH.

2.2 ePHICH transmission modes
Transmit diversity may be applied to legacy PHICHs in the legacy control region. To ensure robustness especially for the case where CSI feedback is not available, transmit diversity of some kind would still need to be supported for ePHICH. On the other hand, the deployment of MIMO transmission (i.e., MU-MIMO and SU-MIMO) which can more efficiently exploit the radio resource and have potential coverage enhancements should also be considered for ePHICH. Due to the restriction of the available antenna ports and limited coding rate of ePHICH transmission, it could be more efficient to apply MIMO transmission together for ePHICH and ePDCCH or ePHICH and PDSCH.
2.3 ePHICH multiplexing

A working assumption that there is no multiplexing of PDSCH and ePDCCH within a PRB pair was proposed at RAN1 #67. Further discussion of ePDCCH multiplexing is given in ‎[2]. The multiplexing of multiple ePHICHs or ePHICH and other channels (i.e., ePDCCH and PDSCH) also needs to be studied.  
· The multiplexing of ePHICH and PDSCH
ePHICH would have much smaller size than ePDCCH so multiplexing of PDSCH and ePHICH within a PRB pair may need to be considered as one possibility. 
· The multiplexing of ePHICH and ePDCCH

The multiplexing of ePHICH and ePDCCH within a PRB pair should be supported to allow for somewhat joint design especially for the MIMO transmission of ePDCCH and ePHICH. If SU-MIMO is applied for the ePDCCH, the A/N feedback corresponding to the same UE may be replicated across all transmission layers and multiplexed with the coded DCI in each layer in the same way as the single layer case.  
· The multiplexing of multiple ePHICHs.
If transmit diversity is applied, the design for the legacy PHICH could be reused to multiplex multiple ePHICHs, i.e, orthogonal cover sequences are applied to differentiate each ePHICH occupying the same radio resource. If MIMO transmission is available, spatial multiplexing of multiple ePHICHs is also worth being considered to be aligned with ePDCCH design. 
2.4 Coding rate of ePHICH

The legacy PHICHs are located in the legacy control region and grouped to constitute multiple PHICH groups where different legacy PHICHs within the same PHICH group are separated through length-4 complex orthogonal Walsh sequences. Factor-3 repetition coding is applied for robustness. This type of PHICH transmission requires coding across 12-REs, which may not be suitable for ePHICH for two main reasons:

· CSI information may be available for ePHICH so adaptive coding rate may be feasible.

· In a PRB pair where ePHICH and ePDCCH or PDSCH are multiplexed together, 12 REs would not always be a suitable number. 

Therefore, we propose to consider a variety of coding rates for the ePHICH.
2.5 ePHICH-PUSCH linkage

Akin to the legacy PHICH, an ePHICH-PUSCH linkage is needed to accurately acquire the A/N feedback for the UL PUSCH transmission. For the legacy PHICH, each resource is identified by the index pair 
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is the orthogonal sequence index within the PHICH group. Then an implicit linkage scheme is applied to position the corresponding PHICH. Each ePHICH should likewise be identified so that a specific linkage scheme from each PUSCH transmission could be applied for A/N feedback detection. The identification of ePHICH would depend on the multiplexing and transmission mode, which needs further investigation. Given the ePHICH identities, the enhanced linkage schemes proposed in [1] could be smoothly transplanted to ePHICH merely with some modifications of the identity computation. 
3 Conclusions

This contribution summarized some design considerations for the enhanced PHICH and discussed the potentially enhanced aspects including transmission modes, multiplexing, coding rate and ePHICH-PUSCH linkages scheme. We propose:

· An ePHICH should be designed together with the ePDCCH;

· MIMO transmission of the ePHICH should be studied;

· Multiplexing of the ePDCCH with ePDCCH and/or PDSCH in a PRB pair should be considered;

· A variety of code rates should be considered for the ePHICH.

These technical aspects for the ePHICH design should be investigated further. 
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