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1. Introduction

It was agreed at RAN1 #60bis that ACK-to-PHICH mapping is supported for each codeword in UL SU-MIMO. PHICH resource allocation techniques were discussed at RAN1 #61 and it was agreed to further discuss and decide on one of the following techniques:

For a single CC UL MIMO transmission, the PHICH resources for CW1 and CW2 are identified by

· The CSI value associated with the  PUSCH transmission 

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

· (I,Q) branches of a QPSK symbol within one PHICH group
This contribution evaluates these three options.
2. Discussion
Cyclic shift to PHICH mapping: it is generally agreed in RAN1 that a 3-bit cyclic shift indicator (CSI) field is used in the UL grant regardless of whether a UE is configured for UL SU-MIMO. This CSI value indicates the cyclic shift (CS) and OCC of the first codeword. Therefore, for this scheme the PHICH resources for codewords CWI and CW2 are implicitly mapped from the signaled CSI value. There are several options for this mapping

Option 1: the PHICH resource for the kth codeword is mapped from an implicitly derived DMRS value that is associated to an antenna port [1] 
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The PHICH resource for CW1 can be mapped from the signaled CSI value (for antenna port 0) in the UL grant, similarly to Rel-8/9 procedure. On the other hand the PHICH resource for CW2 can be mapped from the implicitly signaled value for any other antenna port i.e. port 2 for a 2-Tx UE or ports 2-4 for a 4-Tx UE. 
Option 2: An alternative method is to apply an offset to the explicitly signaled CSI value [2]:
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Note that both options are basically equivalent. 
PRB Index to PHICH mapping: it can be assumed that multiple PRBs would be assigned to a UE configured for UL SU-MIMO. Therefore, the PHICH resource can be mapped to different PRBs within the PUSCH resource allocation (RA). This scheme can ensure that there is no PHICH collision for a single CC. However, when both cross-CC scheduling in CA and SU-MIMO are simultaneously supported there may be an increase in PHICH collisions depending on the PHICH mapping scheme for CA. 
QPSK mapping for PHICH resource allocation: this scheme can be described as a spreading factor shift (SF-shift) for the PHICH sequence of CW2 relative to CW1. This ensures that the PHICH resources for both codewords are in the same PHICH group but on different phases of a QPSK symbol [3]. Hence, the PHICH sequence for the second codeword is 
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One advantage of this scheme is that it allows power balancing across the PHICH resources assigned to a single UE. However, this may not be very critical since this was not considered to be an issue in Rel-8 when there is a power differential between UEs assigned to the different phases of a QPSK symbol.

The percentage collision rates of the three schemes are evaluated according to the simulation assumptions in Table 1. For a MIMO UE a collision is recorded if either codeword cannot be assigned a PHICH resource. One out of 4 or 8 DMRS values is signaled to the UE in the UL grant. The availability of only 4 DMRS values is to model the scenario where other DMRS values may be assigned for MU-MIMO pairing.
Table 1 Simulation assumptions

	Simulation Parameter
	Value

	Number of trials
	1000

	Bandwidth
	10 MHz

	Number of UEs in cell
	10

	Percentage of MIMO UEs in cell
	30%, 70%

	Number of DMRS values
	4, 8

	Lowest allocated PRB index
	Randomly generated, at least 2PRBs assigned to a UE

	Ng
	1


As expected there are no collisions for PRB shift because each UE is allocated at least 2 PRBs. However, it should be noted that the performance of the PRB-shift scheme could deteriorate in a carrier aggregation scenario because unique starting PRB indices cannot be guaranteed. Furthermore, for PRB shift more study is required when MU-MIMO is simultaneously configured in conjunction with SU-MIMO. The performance of the other schemes is quite similar when 30% (70%) of the UEs are configured for SU-MIMO.
Table 2 Percentage Collision rate for PHICH resource schemes
	MCS
	30% MIMO, 4 DMRS values
	30% MIMO, 8 DMRS values
	70% MIMO, 8 DMRS values
	70% MIMO, 8 DMRS values

	CS shift
	0.04
	0
	0.13
	0

	PRB shift
	0
	0
	0
	0

	SF-shift
	0.02
	0
	0.06
	0


3. Conclusion

The PHICH resource allocation schemes for UL MIMO have been evaluated in this contribution. It is our view that further investigation is required when considering SU-MIMO, MU-MIMO and carrier aggregation.
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