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1. Introduction

In RAN1#61, the identification methods of PHICH resources for CW1 and CW2 of UL SU-MIMO for a single CC were narrowed down to the three alternatives as follows, 

· Alt1: The Cyclic Shift Indicator (CSI) value associated with the PUSCH transmission,

· Alt2: Different PRB indices for the PUSCH, assuming more than one PRB for the transmission

· Alt3: (I, Q) branches of a QPSK symbol within one PHICH group.

One of these three alternative solutions is going to be decided in this meeting.  In this contribution, we further discuss the advantages and disadvantages of these three solutions and present our views.
2. PHICH Mapping for UL SU-MIMO
2.1. Alt1: Using CSI values to identify PHICH resources
In [1], we have suggested using the CS indices of the primary layer associated with separate CWs to identify the PHICH resources for CW1 and CW2, respectively.  In view of the fact that the resource allocation (RA) offset is used to identify different PHICH resources for different CCs, the CW-based cyclic shift (CS) offset is easier to generalize for both multiple CCs and multiple CWs cases without collision.  For non-adaptive HARQ, the CS associated with the correctly decoded CW could be released, which has no impact on the PHICH resource identification.  
In addition, the CSI value identification method for PHICH resources does not impose any constraints on the scheduling flexibility.  This identification method is also compatible with the case of UL MU-MIMO, where multiple UEs use different PHICH resources as their CSI values of DMRS are assigned differently through the UL grant.
2.2. Alt2: Using PRB indices to identify PHICH resources
In Alt2, the lowest PRB index,
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 is used to identify the PHICH resource for CW1 as in LTE Rel-8, and another PRB index, 
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, is applied to differentiate the PHICH resource for CW2, where 
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 is an offset of PRB index.  Firstly, how to select 
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 is an open issue to be determined in Alt2.  For contiguous resource allocation (RA), the different PRB indices could be the adjacent values, i.e., 
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=1.  For non-contiguous RA, 
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 could be the lowest PRB index of the second cluster.  Even for a given
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, to avoid the PHICH resource collision, the resource scheduling flexibility is limited in the aspects of PRB number and PRB location at least.  If 
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=1, the minimum scheduling granularity is 2PRBs for all LTE-A Rel-10 UEs with up to 2TBs.  For non-contiguous RA with a cluster size of 1PRB, 
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 could be any value within the BW of each CC.  Since RA offset has been introduced to avoid the PHICH resource collision due to different CCs, the different PRB index for CW2, i.e.,
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 corresponding to the second cluster, is limited.  As a result, the constraints of RA in Alt2 reduce the system performance significantly. 
2.3. Alt3: Using (I,Q) branches of a QPSK symbol within one PHICH group to identify PHICH resources
In Alt3, the spreading factor,
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This operation is equivalent to constructing a QPSK symbol with the (I, Q) branches within the same PHICH group identifying the PHICH resources for CW1 and CW2, respectively.

Comparing to the PHICH resource identified by BPSK symbols in Rel-8, using the (I, Q) branches of a QPSK symbol within one PHICH group would incur an overhead imbalance, change the power setting and restrict the coverage of PHICH, which may negatively impact the system reliability.
3. Conclusions

In this contribution, we discuss and present our views on the three PHICH mapping alternatives.  From the scheduling flexibility and PHICH reliability perspectives, we prefer Alt1, i.e.,
· Using the CSI value to identify the different PHICH resources for CW1 and CW2 of UL SU-MIMO.
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