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1 Introduction 
At RAN1#66bis, the discussion of PHICH enhancements in heterogeneous networks as well the shared cell-ID CoMP scenario was raised in a number of contributions [1-3] in relation to interference coordination and and enhanced downlink scheduling capability. In this contribution, we provide our views on the motivations and technical aspects of PHICH enhancement.
2 Motivations of PHICH Enhancement
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               (a)PHICH interference in heterogeneous networks                                                (b) PUSCH transmission in CoMP Scenario 4
Figure. 1 Scenarios for PHICH enhancement
An enhanced PDCCH (i.e., ePDCCH) is being investigated to support frequency-domain ICIC and beam-forming. The PHICH may also experience high interference from other cells as shown in Figure.1(a). Similarly to the legacy PDCCH, the current PHICH cannot enjoy the benefit provided by the frequency-domain ICIC due to the relatively fixed positions in the first 3 symbols, so interference may be a barrier for the detection of PHICH in heterogeneous networks. Moreover, beamforming gain is difficult to achieve with the current PHICH due to the fact that it uses CRS-based demodulation. 

Additionally, the current PHICH may also become a bottleneck in the CoMP with shared cell-ID (a.k.a CoMP scenario 4) scenario. In this scenario, a requirement of heavier ACK/NACK reporting via PHICH arises because the PUSCH capacity would increase as shown by Figure.1(b). According to the current PUSCH-PHICH linkage rule, the PHICH index is jointly determined by the PUSCH starting PRB index and the configured DM-RS cyclic shift. An increase in PUSCH traffic may increase collisions for PHICH resources. Although this kind of collision may be avoided by proper eNB scheduling, it may become inevitable if UL semi-persistent scheduling (SPS) is configured since the DM-RS cyclic shift cannot then be used. Even for dynamic UL grants, the scheduling flexibility could be affected if the eNB scheduler is too constrained.
To address the problems above, it is worth considering whether PHICH enhancements are needed.  

3 PHICH Enhancements

3.1 Enhanced PUSCH-PHICH linkage
Currently, the total amount of legacy PHICH resource is defined by higher layer signaling, and the resource allocation for each A/N is determined by implicit linkage between legacy PHICH resource and PUSCH transmission. This linkage is based on the lowest index of the allocated PRB pairs and the cyclic shift of the orthogonal DM-RS for PUSCH. In order to avoid the PHICH resource collision of UL SPS transmission and relieve the scheduling restriction, several enhanced PUSCH-PHICH linkage schemes are considered in the following.

Implicit linkage
There are two potential alternatives to implicitly link the PHICH resource to PUSCH transmission 

· Alt-1: An additional offset to differentiate the PHICH resource used for the feedback of the UL SPS transmissions occupying the same radio resource.
· Alt-2: The PHICH resource is implicitly indexed by the radio resource allocated for the UL grant transmission.
An offset has been proposed to solve the PHICH resource collision problem caused by asymmetric carrier aggregation, such as in reference [4][5]. An implicit way of providing an offset can be viewed in a similar way to the PHICH numbering scheme proposed for asymmetric carrier aggregation. The PHICH resource offsets could be implicitly determined according to different UL configuration such as RRH association and CSI-RS ports. The design detail needs further study.
An implicit linkage scheme could also be designed based on Alt-2.  Since the PUSCH transmission in a subframe is scheduled by its dedicated UL grant in PDCCH or ePDCCH, the index of the PHICH resource can be linked to the radio resource allocated for the UL grant transmission. There are two challenges to take into account for such a linkage scheme:
· Spatial multiplexing for multiple users is supposed to be supported by ePDCCH. The linkage scheme should be able to distinguish the ePDCCHs multiplexed on to the same resource.
· The UL PUSCH retransmission can be a synchronous non-adaptive transmission, with the possibility of being scheduled without UL grant information. The UL grant for a new PUSCH is allowed to overlap the resource used by the previous UL grant. If the previous UL grant is for the PUSCH that is retransmitted at the same subframe with the new PUSCH, the UE will not differentiate the PHICH resource between the new PUSCH transmission and the synchronous non-adaptive retransmission. 
Explicit linkage
Compared to the implicit linkage schemes, explicit linkage would have the most optimal utilization of PHICH resources and provide more scheduling flexibility. Examples of the explicit linkage scheme can be seen in Figure.2 for FDD and TDD. 
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(a). An example for frame structure 1
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(b). An example for frame structure 2 Configuration #0
Figure.1 Explicit linkage between PHICH and PUSCH

From the examples, it can be seen that the PHICH resource linked to the PUSCH transmission is explicitly indicated by the corresponding UL grant. This sort of explicit linkage will not arouse any PHICH resource ambiguity so avoiding A/N collision. The major drawback is there will be constant overhead in the UL grant even if there is no UL SPS transmission being configured on the same radio resource. 

3.2 Enhanced PHICH in legacy PDSCH
In order to enjoy the same benefits as ePDCCH, an enhanced PHICH (ePHICH) in the legacy PDSCH region is worth being considered. The ePHICH design should be consistent with ePDCCH with respect to the deployment of advanced antenna technologies.  Some design principles for ePHICH can be summarized as: 
· The allocation of ePHICH should be transparent to 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 and new linkage schemes in the future.  
Orthogonal cover code (OCC) is used by legacy PHICH for user allocation. OCC may still be useful for ePHICH such as in terms of user allocation and multiple user interference mitigation. Considering the low coding rate, the granularity of PRB may be too large to be used for an ePHICH transmission, so ePHICH and ePDCCH or multiple ePHICHs may be multiplexed in one PRB or PRB pairs. The exact multiplexing scheme needs further study. 

The linkage schemes proposed above can be applied in the ePHICH smoothly. Specially, the additional signaling contained in the UL grant for explicit linkage can simultaneously carry the ePHICH configuration information, such as rank, MCS and OCC allocation. The major challenge is the configuration delay between the UL grant and the ePHICH transmission (8ms for FDD and more than 10ms for TDD can be observed) which may degrade the ePHICH decoding performance if channel-correlated technologies (e.g., beam-forming) are used. However this may not be a big deal considering that beam-forming can only be used in good geometry and for low-mobility UEs. 
4 Conclusions

This contribution analyzed the possibilities for PHICH enhancement in terms of interference coordination and A/N collision avoidance. Some linkage schemes were proposed to address the A/N collision problem. All schemes have different pros and cons which need further study. 
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