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1 Introduction

In RAN1#60bis it was decided that 2 HARQ-ACK bits will be supported for UL SU-MIMO with 2 CWs with one-to-one mapping between a HARQ-ACK bit and a PHICH resource. In RAN1#61 it was further decided that the PHICH resources in response to the reception of 2 CWs for a SU-MIMO PUSCH transmission will be identified using one of the following alternatives:

a) The CSI value associated with the PUSCH transmission. 
b) Different PRB indices for the PUSCH, assuming more than one PRB for the PUSCH transmission.
c) (I, Q) branches of a QPSK symbol within one PHICH group.
In this contribution we provide an overview for the properties and implications for the above alternatives while also considering the possibility for MU-MIMO.

2 PHICH Resource Mapping Options for UL SU-MIMO 
Using the CSI value associated with the PUSCH SU-MIMO transmission, the PHICH resources 
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where 
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 is the CSI value used for the DMRS transmission from antenna port 
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 corresponds to the lowest PRB index of the PUSCH transmission, 
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 is informed to the UEs through the P-BCH, and 
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 is the spreading factor of the orthogonal sequence applied to the PHICH transmission. For 2 UE Tx antennas, it is simply 
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. For 4 UE Tx antennas, any two CSI values can be selected but there is no reason not to re-use the same computation for the PHICH resources as for 2 UE Tx antennas. The CSI value for 
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 is signaled in the DCI format scheduling the PUSCH transmission while the CSI value for 
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 can be implicitly derived. The benefit of this approach is that the Rel-8 functionality is maintained and different PHICH resources can be assigned through the association with different CSI values. The application of MU-MIMO can also be supported in a transparent manner as in Rel-8 and without further restrictions.
Using different PRB indexes of the PUSCH transmission (e.g. consecutive indexes starting from the lowest PRB), the PHICH resources 
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Assuming the existence of at least 2 PRBs for PUSCH transmission with SU-MIMO, which is reasonable, the benefit of this alternative is that it uses available resources (PRBs) for indexing while avoiding additional reliance on the CSI to achieve separate PHICH resources for each CW.

If SDMA (MU-MIMO) is also applied to PUSCH transmissions among 
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 UEs then, in order to allocate different PHICH resources for each of 2 CWs, the PUSCH transmission is over at least 
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 PRBs in order to avoid collisions of PHICH resources. For the 3-bit CSI, it is 
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). Then, the PHICH resources corresponding to PUSCH transmission with 2 CWs having assigned 
[image: image24.wmf]0

0

=

CSI

 through the respective DCI format can be derived from the 
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 PRBs, the PHICH resources corresponding to PUSCH transmission with 2 CWs having assigned 
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 PRBs, and so on. Other mappings are also possible but the minimum number of required PRBs should be achieved for a given number of SDMA UEs. Therefore, a modification for the formula determining the PHICH resources is needed as follows
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.
The larger the number of UEs in both SU-MIMO and MU-MIMO modes, the larger the required number of PRBs. For example, for 2 (4) UEs with SU-MIMO transmission with 2 CWs that are also in mutual SDMA, the minimum number of PRBs for the PUSCH transmission is 4 (8). The CSI mapping to CS/OCC values will need to be such that consecutive CSI values map to optimal CS/OCC separation for the respective number of SDMA UEs and layers. 

Finally, using (I, Q) branches of a QPSK symbol within one PHICH group, the PHICH resources 
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The benefit of this alternative is that the 2 HARQ-ACK bits are transmitted in a QPSK symbol of the same PHICH group, thereby improving power balancing. However, although desirable, this is not a critical issue and it already exists for Rel-8 operation. The disadvantage is that the eNodeB and the UE need to implement as different PHICH mapping scheme in case of SU-MIMO with 2 CWs. Also, the CSI mapping to CS/OCC values will need to be such that maximally separated CSI values (e.g 
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) map to optimal CS/OCC separation which is (implicitly) used for the same UE in SU-MIMO mode. Otherwise, it is possible that collisions may occur. For example, for 
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 and if it was possible to allocate the CSI values of 0 and 4 to different SU-MIMO UEs, a collision of the PHICH resources would occur.
Based on the above assessments, all alternatives are viable choices for the PHICH resource mapping with SU-MIMO. The first alternative has the benefit of maintaining the Rel-8 PHICH mapping rules. The second alternative requires some restrictions in the minimum RB allocations for the PUSCH transmission and some changes in the PHICH resource mapping, compared to SIMO, to support SU-MIMO and MU-MIMO. The third alternative requires a change in the PHICH resource mapping compared to SIMO and may require some additional considerations in the CSI to OCC/CS mapping. Therefore, Alternative 1 is preferable due to its simplicity and its ability to re-use the Rel-8 PHICH mapping mechanism.

3 Conclusions

This contribution considered the PHICH resource mapping in support of UL SU-MIMO with 2 CWs. Based on the analysis of the properties for the three identified PHICH resource mapping alternatives, the one that is entirely based on the use of the CSI value associated with the PUSCH transmission is preferred as it is the simplest to implement and is not associated with any operating restrictions.
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