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1. Introduction

For UL transmission in release-8/9, Physical Hybrid ARQ Indicator Channel (PHICH) is designed by considering on carrying one HARQ ACK/NACK. In LTE-A, up to two codewords are employed for UL SU-MIMO. Therefore, new PHICH design or resource assignment should be considered to support multiple HARQ ACK/NACKs. In RAN1#60bis meeting, regarding HARQ operation for UL SU-MIMO, the followings is agreed [1].
· 2 HARQ ACK/NACK
· Limit PHICH design to one to one mapping between an ACK/NACK and an existing PHICH resource
According to this agreement, it seems reasonable that two PHICHs for 2 HARQ ACK/NACK should be assigned within existing PHICH resource. In this contribution, we focus on PHICH resource assignment for UL SU-MIMO

______________________________________________________________________________
2. PHICH resource assignment in release-8/9
In release-8/9, a PHICH resource is identified by the index pair 
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where, 

· 
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is mapped from the cyclic shift for DMRS field in the most recent DCI format 0 for the transport block associated with the corresponding PUSCH transmission.
· 
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is the spreading factor size used for PHICH modulation.
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is the lowest PRB index in the first slot of the corresponding PUSCH transmission 

· 
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 is the number of PHICH groups configured by higher layers.
· 
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According to these identification, PHICH resource is implicitly associated with the lowest PRB index and explicitly assigned by 
[image: image11.wmf]DMRS

n

. In case of UL MU-MIMO in release-8/9, different UE is allocated on same frequency resource block. Since different cyclic shift of UL DMRS is configured for different UE, different frequency and sequence resource (i.e. PHICH group and PHICH sequence) can be assigned for each UE. In case of UL SU-MIMO in LTE-A, UE has multi-layers and different cyclic shift of UL DMRS is assigned for different layer. Therefore, the concept of PHICH resource assignment for MU-MIMO in release-8/9 can be straightforwardly extended to SU-MIMO in LTE-A. 
______________________________________________________________________________
3. Multiple PHICH resources assignment for UL SU-MIMO
In LTE-A, up to two codeword is employed for UL SU-MIMO. Therefore, up to two PHICH resources should be assigned to single UE. Two PHICH resources can be defined according to codeword index. Also, these can be identified by the pair 
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 where i denote codeword index. We can write the formula for multiple PHICH resources assignment according to type of variables as follows: 
· Multiple PHICH resources assignment according to cyclic shift index of UL DMRS
For UL SU-MIMO, cyclic shift indices of UL DMRS are allocated for each layer. Therefore, PHICH group index 
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for i-th codeword can be assigned according to cyclic shift of UL DMRS for i-th codeword. The formula for multiple PHICH resource assignment can be given as:
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where, 
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 is cyclic shift index corresponding to i-th codeword.
In case of two layer transmission, codeword indices can correspond to layer indices. On the other hands, for three or four layer transmission, two cyclic shift indices can be selected among three or four cyclic shift indices. For example, two cyclic shift indices of 1st layers in each codeword are used.
In release-8/9, eight cyclic shift values are defined as UL DMRS resource. According to the mapping relationship between 
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 and the cyclic shift for DMRS field in DCI format 0, one number among from 0 to 7 is assigned as 
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 index [2]. If multiple cyclic shifts for multi-layers are assigned within twelve cyclic shift values, specific layer(s) couldn’t be matched with 
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. To solve this problem, additional specification effort is required.
· Multiple PHICH resources assignment according to codeword index
To simplify the relationship with PHICH resource allocation and codeword index, multiple PHICH resources can be assigned according to codeword index. In this case, codeword specific parameter can be inserted into the formula for single PHICH resource allocation. The formula for multiple PHICH resource assignment can be given as:
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where, 
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is codeword specific parameter corresponding to i-th codeword
In this formula, codeword specific parameter 
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can be settled by codeword index 
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 . As a result, PHICH resource for 1st codeword is assigned by rule of one PHICH resource assignment. Also, adjacent frequency and sequence resource of 1st codeword can be allocated for PHICH resource for 2nd codeword.
· Multiple PHICH resources assignment according to PRB index
For multiple PHICH resources assignment, PHICH group and sequence index can be assigned according to PRB index. For example, the PHICH resource for 1st codeword is assigned by lowest PRB index. Also, PHICH resource for 2nd codeword can be allocated by virtual increment of PRB index. The formula for multiple PHICH resource assignment can be given as:
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Adjacent PUSCH resource blocks are associated with PHICHs in different PHICH groups. Therefore, this formula can also provide effective PHICH resource assignment in case of at least 2PRBs allocation for PUSCH.
______________________________________________________________________________
4. Conclusion 
In this contribution, we discussed the issue of PHICH resource assignment for UL SU-MIMO. Base on the discussion above, we can conclude as follows:

· According to codeword index, two PHICH resources can be identified by the pair 
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 where i denote codeword index.
· The formula for multiple PHICH resource allocation can be written according to type of variables (e.g. cyclic shift of UL DMRS, codeword and PRB index)
· According to cyclic shift index of UL DMRS:
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· According to codeword index:
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· According to PRB index:
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