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1. Introduction

At the RAN1#61 meeting, the following PHICH resource mapping schemes for the first and second codewords (CWs) for uplink single-user multiple-input multiple-output (UL SU-MIMO) were identified [1] – [6].
· The CSI value associated with the PUSCH transmission 

· Different PRB indices for the PUSCH, assuming more than one physical resource block (PRB) for the transmission

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

In this contribution, we present further consideration on the PHICH resource mapping schemes in SU-MIMO operation.
2. PHICH Resource Mapping in SU-MIMO 
2.1. PHICH Resource Mapping in Rel. 8
In Releases 8 and 9 (Rel. 8/9) LTE, the PHICH resources associated with the uplink (UL) transmission can be implicitly derived from the lowest PRB index of the UL resource allocation, 
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, and the cyclic shift (CS) of the UL demodulation reference signal (DM-RS), 
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 [7]. The PHICH resource indices, 
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2.2. PHICH Resource Mapping in SU-MIMO

In the case of SU-MIMO transmission with two CWs, the support of two PHICHs corresponding to those CWs was agreed upon. However, the lowest PRB indices for the two CWs are the same; hence, the PHICH resources associated with those CWs collide with each other. Therefore, a solution to this PHICH collision problem in SU-MIMO is necessary, but it should be as simple as possible. In this sense, the same PHICH resources as that defined in Rel. 8, i.e., resource indices as in Eq. (1), may be preferable for the first CW. Below, we present three options, focusing on the PHICH resource for the second CW. 

· Option 1: CSI value associated with the  PUSCH transmission
In this option, a CS mechanism is used to distinguish the PHICH resource between the first and second CWs. The lowest PRB index, 
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, is used in the same way as the first CW. For the UL DM-RS in Rel. 10, introduction of an orthogonal cover code (OCC) jointly with CSI was agreed without increasing the CS field in the UL grant, i.e., retaining a 3-bit CS field in DCI format 0. Hence, the CSI values including the OCC for layers that are associated with the second CW may implicitly be linked to that for the first CW taking into account the performance of the UL DM-RS. The same implicit linkage of CSI values can be applied to the linkage of 
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 between the first and second CWs. More specifically, 
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The PHICH resource collision problem may be alleviated to some extent by utilizing this implicit linkage. However, in the case that the PHICH resources for either the first or second CW collide with the PHICH resources of another UE, a different set of 
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 should be used to avoid collision in the same way as in Rel. 8. The appropriate combination of 
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 for different CWs needs to be specified in conjunction with the CSI value including the OCC of the UL DM-RS that is signaled in the 3-bit CS field in the UL grant.
· Option 2: Different PRB indices  for the PUSCH
In this option, a different PRB index is used for the second CW. The PHICH resource indices, 
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, for the second CW are given by adding the offset 
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For example, when 
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, is used for the first CW as in Rel. 8, and the second lowest PRB index is simply applied to the second CW. In this case, no collision occurs as long as the UE in the SU-MIMO mode is assigned more than one PRB. This assumption is considered quite general since a UE in the SU-MIMO mode will be assigned a large number of PRBs. In addition, the CS mechanism can be employed in the same way as in Rel. 8. We note that, unlike Option 1, 
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 for the second CW does not need to be defined.
· Option 3: (I,Q) branches of a QPSK symbol within one PHICH group
In this option, a different orthogonal sequence is used for a different CW. The PHICH resource indices, 
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, for the second CW are expressed by incorporating offset 
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For example, when 
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, are used for the first CW and the latter sequences, i.e.,
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, are utilized for the second CW. In this option, the resulting PHICH for the second CW will possibly overlap with the PHICH of other UEs when 
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. Therefore, the Rel. 8 CS mechanism is required to avoid collision. We note that, when Ng = 2, the PHICH resource collision can be completely avoided. We note that, unlike Option 1, 
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 for the second CW does not need to be defined.
3. Conclusion
In this contribution, we presented further considerations on the three PHICH resource mapping schemes for UL SU-MIMO. In all the options, the CS mechanism can be employed in the same way as in Rel. 8. 

Among the options, we have a slightly higher preference for Option 2 since the Rel. 8 CS mechanism in order to avoid the PHICH resource collision for SU-MIMO is unnecessary with a slight modification compared to the Rel. 8 PHICH resource mapping.
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