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1 Introduction

At the previous meeting (RAN1#61) it was agreed that for a single CC UL MIMO transmission the PHICH resources for CW1 and CW2 are identified by one of the following three solutions [1].

· 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

In this contribution, we discuss on the three PHICH mapping solutions for UL MIMO. 
2 Discussion 
In Rel-8, PHICH mapping for single layer transmission is identified by the index pair (
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In the formulas, PHICH is associated with the UE specific parameters of 
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, which is the lowest PRB index in the first slot of the corresponding PUSCH transmission, and 
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 , which is CS index mapped from the cyclic shift (CS) for DMRS field in DCI format 0. The mapping between 
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 can be shown in Table 1 below.
Table 1. Mapping of CS index 
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	Cyclic Shift Field in DCI format 0
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	Cyclic shift value 
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	000
	0
	0

	001
	1
	6

	010
	2
	3

	011
	3
	4

	100
	4
	2

	101
	5
	8

	110
	6
	10

	111
	7
	9


In Rel-10 UL MIMO, two PHICH resources should be assigned to one UE with two codeword transmission. The two PHICH resources can be identified by the pair (
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 is codeword index. 

Following the principles of recommended solutions for discussion, the PHICH mapping formula can be given as below.
· Solution 1 : The CSI value associated with the PUSCH transmission
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where 
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 is the actual DMRS CS value of first layer in codeword i as indicated by DMRS resource assignment field in UL grant.
In this formula, it is assumed that DMRS CS resources for multiple layers will be jointly indicated with 3 bits in UL grant as designed in [3][4][5]. In Table 2, the mapping of CS index in UL grant to actual CS values for rank 2 can be given for example.  Single CS index will be mapped to multiple CS values for different layers, then using CS index as in Rel-8 for single PHICH mapping is not valid for Rel-10 two codeword PHICH mapping. Therefore, actual CS values for multiple layers should be used in the PHICH mapping formula, and the definition of DMRS CS resources in Rel-10 should be carefully considered to avoid PHICH mapping collision in case of SU-MIMO and MU-MIMO. 
Table 2. Mapping of CS index in UL grant to 
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	CS index in UL grant
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(layer 0, layer 1)

	000
	(0, 6)

	001
	(6, 0)

	010
	(3, 9)

	011
	(4, 10)

	100
	(2, 8)

	101
	(8, 2)

	110
	(10, 4)

	111
	(9, 3)

	Note: 
1. CS values defined in Rel-8 are reused as CS values of layer 0. 

2. There is a fixed CS offset of 6 for layer 1 to layer 0 .


Solution 1 is the most direct extension of Rel-8 PHICH mapping scheme, in which DMRS cyclic shift is used for both SU-MIMO and MU-MIMO PHICH mapping.  
· Solution 2 : Different PRB indices  for the PUSCH, assuming more than one PRBs for the transmission
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where 
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 is one of  PRB indices in the corresponding PUSCH for codeword i , and 
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 is the CS index in UL grant, which can be used for PHICH separation between UEs in MU-MIMO transmission. 
Solution 2 requires allocating at least 2 PRBs to one UE. This limits the UL MIMO scheduling flexibility, and is not preferred.
· Solution 3 : (I,Q) branches of a QPSK symbol within one PHICH group [6]
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In solution 3, PHICH mapping of the first codeword is calculated with Rel-8 mapping formula. The PHICH for the second codeword is mapped to the resource in the same QPSK symbol as PHICH of first codeword with an offset corresponding to the spreading factor for the PHICH modulation. 

One possible benefit of solution 3 is making power balance of PHICH resources simpler. In Rel-8, there was some discussion on the impact of (I,Q) power imbalance on PHICH because (I,Q) branches are allocated to different UEs. The preliminary assessment result in [7] shows that (I,Q) power imbalance doesn’t impact the PHICH performance significantly. In an extreme case of  12 dB power offset between two branches,  there is about 0.7dB performance degradation comparing to power balance.  But because of this large ratio of interfere to desired user power, a small adjustment by NodeB on the power offset from interferer to desired user  can easily make up the degradation Therefore, power balancing on (I, Q) branches may not be a necessary requirement.
Furthermore, once the PHICH resource of first codeword is mapped, the PHICH resource of second codeword is correspondingly tied. The scheduling flexibility to avoid PHICH collision for SU-MIMO and MU-MIMO will be reduced. 
3 Conclusions
According to the discussion in section 2, we propose to adopt CS values associated with the PUSCH transmission for UL MIMO PHICH mapping. The exact mapping formula is related to the detailed design of UL DMRS CS resource configurations. 
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