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1 Introduction
In CoMP Scenario 4, all the RRHs within the macro coverage share the same cell-id with macro node. There is no cell splitting gain for PDCCH since all transmission nodes send the same DCI on a radio resource. For such a scenario, the use of an Enhanced physical downlink control channel (ePDCCH) is useful.  The ePDCCH was extensively discussed during RAN1 #66bis and #67 meeting [1][2] and was agreed to be standardized at the last RAN meeting.
To some extent, the Physical Hybrid ARQ indication channel (PHICH) transmission exhibits similar challenges as PDCCH transmission, notably limited resources, no interference control, etc.[3]. In this contribution, we investigate the PHICH transmission issues in CoMP scenario 4 and provide potential solutions in high level.
2 Discussion on the PHICH issues in CoMP scenario 4
The PHICH carries the HARQ information for non-adaptive uplink retransmission. The UE finds its UL ACK/NACK with an implicit mapping rule. The PHICH resource allocation scheme should follow these rules:
(1)  There should be enough capacity for all individual UE transmitting at the same time;
(2)  There should be no collision between each other.
In Rel-10, a specific PHICH resource is identified by the index pair

[image: image1.wmf](

)

seq

PHICH

group

PHICH

,

n

n

, where  is the PHICH group index and 
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 is the orthogonal sequence index within the group. The number PHICH group is defined as 
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is configured in PBCH. 
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 is the total number of available PRB within the system bandwidth. For a 10MHz system, there are at most 13 PHICH groups in a subframe. Considering there are 8 orthogonal sequences per PHICH group for normal CP, at most 104 orthogonal PHICH resources can be supported. 
In the CoMP Scenario 4, the number of UL transmission in a cell, requiring PHICH for A/N transmission,  is increased dramatically. It is because of the increased number of connected UE and spatial layers per UE. For example, in the Rel-10 HetNet deployment [4], each cell only serves 10~20 connected UE, if we assume there are totally 60 UE and 4 RRH within the macro cell coverage (configure 4b). However, the same PHICH resource should be shared by at most 60 connected UE if the 4 RRHs share the same cell id with macro node. Also, more UE will transmit with multiple spatial layers as the channel condition is improved by introducing RRH. The PHICH resource may also be used by some unconnected UE, e.g. UE transmitting Msg3 in RACH. On the other hand, the PHICH resource is not increased with the number of RRHs within the macro coverage. Cell splitting gain cannot be achieved in CoMP Scn 4, as only one cell id can be used to scramble the PHICH. Thus, the number of PHICH resources is not enough, because of no cell splitting gain in CoMP scenario 4. 
Observation 1: The number of PHICH resource is not enough, because of no cell splitting gain in CoMP Scenario 4.
UE determines its PHICH resource by an implicit way as defined in (2)
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is mapped from the cyclic shift for DMRS field in the most recent PDCCH with uplink DCI format for the transport block(s) associated with the corresponding PUSCH transmission. 
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has only 8 configurations and for SPS scheduling 
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 should be set to zero. 
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is the spreading factor size used for PHICH modulation.  IPRB is the lowest PRB index in the first slot of the corresponding PUSCH transmission. It is probable that two UE transmit to different RRHs at same 
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. With the increasing RRHs in a cell, the collision probability is higher assuming each RRH is scheduled individually. Considering PHICH is transmitted with a SFN scheme, eNB can not transmit two A/N within a single PHICH resource, although the PUSCH can be demodulated due to the spatial isolation, 
 Observation 2: There is PHICH mapping collision with current Rel-10 scheme in CoMP scenario 4.
It could be argued that PHICH transmission is not always necessary, since the eNB may also rely on adaptive retransmissions. In that case, collisions and/or capacity limitations may be alleviated by switching users from non-adaptive to adaptive retransmissions when needed. However, this process is not very efficient since one of the reasons to have a PHICH is to reduce overhead of UL grant. 
3 Possible enhancements of PHICH for CoMP Scenario 4
3.1 Enhancing PHICH resource mapping 
The number of PHICH resource can be increased either by increasing number of sequences per PHICH group or increasing the number of PHICH groups. Since there are 4 REs per REG and already 8 Walsh sequences defined on one REG, it is difficult to increase the orthogonal PHICH resource by introducing new sequences without changing the chip rate. Alternatively, the total number of PHICH groups 
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 in a subframe can be easily increased by extending the value of Ng larger than 2 or define a new parameter 
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indicating the extended PHICH groups. As each PHICH group occupies orthogonal REG resources, at least three additional REGs are required. It could be the REGs originally used for PDCCH. Another possibility is to allocate time-frequency resources in PDSCH for the additional PHICH resources, just as for the ePDCCH.

In order to decrease the PHICH mapping collision, a UE specific offset 
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is required to allocate different PHICH resource to UE of same 
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. For example, the UE-specific parameters can corresponds to its associated RRH or UE-group, as formulated in equation (3)
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3.2 ePHICH 
An enhanced physical downlink control channel is being standardized to satisfy the requirement from CoMP, MIMO and new carrier type scenarios. It is then natural to also look at an enhanced PHICH (ePHICH) to satisfy the same requirement as ePDCCH, e.g. solving the problem of PHICH resource shortage and PHICH collision in CoMP scenario 4. 
Similar to ePDCCH, the ePHICH should be able to support increased PHICH capacity, frequency domain ICIC, improved spatial reuse and new carrier type. Although there are many possible ways of designing such a channel, deriving the ePHICH from the ePDCCH structure is an effective way to design such a channel. The details can be further studied, but an simple method could be multiple ACK/NACK(s) carried by an ePDCCH, so the ePDCCH carrying ACK/NACKs can be used as ePHICH.
Such a design has multiple benefits:
· The ePHICH can fulfill the same design criterion as the ePDCCH;
· Existing RS can be reused;
· The ePHICH resources can be flexibly configured to suit the current traffic load.
4 Conclusions

In this contribution, the PHICH issues are investigated for CoMP scenario 4. The following observations can be concluded:
Observation 1: The number of orthogonal PHICH resource is not enough, because of no cell splitting gain in CoMP Scenario 4.
Observation 2: There is PHICH mapping collision with current Rel-10 scheme in CoMP scenario 4.
In order to solve these PHICH issues, two possibilities are discussed. i.e. 
· Enhancing the current PHICH resource mapping mechanism
· Introducing ePHICH transmission as ePDCCH.  
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