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1. Introduction

HARQ-ACK signaling on the DL is required to indicate a success or failure of UL data transmission. In LTE Rel-8/9, DL HARQ-ACK signaling is conveyed on the Physical Hybrid ARQ Indicator Channel (PHICH). If a NACK signal is detected in subframe n corresponding to a previous UL transmission the UE performs non-adaptive transmission, except an UL grant is also detected in subframe n. The Rel-8 PHICH conveys one HARQ-ACK signal for UL SIMO transmission, since only one transport block can be transmitted by a UE. A Rel-10 multi-antenna UE can be configured for UL SU-MIMO transmission, which requires HARQ acknowledgment for up to two codewords. At the RAN1 #60bis meeting it was agreed that
–
2 NDIs (one NDI per CW) in the DCI format associated with UL SU-MIMO. 

–
 2 HARQ A/N

· Limit PHICH design to one to one mapping between an A/N and an existing PHICH resource

This contribution considers the DMRS cyclic shift to PHICH resource mapping.
2. Discussion
The Rel-8/9 PHICH transmission resource is specified by a frequency/code resource
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denotes the PHICH group number and 
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denotes the orthogonal sequence index within the PHICH group [1]. The Rel-8 DMRS cyclic shift-to-PHICH resource mapping can be reused for acknowledging UL multi-codeword transmission. For UL MIMO there shall be as many DMRS values explicitly (or implicitly) signaled in the UL grant as there are antenna ports. Here, an antenna port is associated with a particular transmission layer. Hence, the number of antenna ports in this context is the number of transmission layers. 
The PHICH resource allocation for the kth codeword is given as
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where 
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is the signaled DMRS value for antenna port p (p = 0, 1), 
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 corresponds to the PRB with the lowest index in the signaled UL grant for PUSCH transmission, and
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is the spreading factor of the orthogonal sequence. For the 2Tx case it is straightforward to map the kth codeword to the kth cyclic shift, i.e. k = p. 

For 3-layer or 4-layer transmission (4Tx scenario) any two out of the four DMRS values can be selected to assign PHICH resources for up to two codewords. For simplicity, the PHICH resources can be computed from the first two DMRS values, 
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to match the 2Tx scenario. 

Proposal: in the case of UL-MIMO transmission the PHICH resources are computed from 
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3. Conclusion

For cyclic shift to PHICH resource mapping it is recommended that:
· A simple rule is desired for cyclic shift to PHICH resource mapping such as computing PHICH resources from 
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 irrespective of the number of antenna ports. 
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