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1.
Introduction
It was agreed in previous RAN1 meeting to continue discussion on PHICH resources for CW2 until RAN1#61bis, to decide on one of the three following solution.

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

· Method 1: The CSI value associated with the  PUSCH transmission 

· Method 2: Different PRB indices  for the PUSCH, assuming more than one PRBs for the transmission

· Method 3: (I,Q) branches of a QPSK symbol within one PHICH group
In this paper we compare the feasibility of these schemes. We focus on the question raised that how does the PHICH resource allocation work in conjunction with OCC?

2. Considered methods
In this section we briefly describe the considered PHICH resource allocation methods for CW2. All methods assume that PHICH resource corresponding to CW1 is derived according to Rel-8 principle.
Method 1:

In this method, the only difference compared to PHICH resource allocation for CW1 is that PHICH resource is calculated directly for the CSI value corresponding to antenna port #2, i.e., using 
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Method 2:

In this method there is a new term 
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 which equals to the PRB index offset with respect to the corresponding PUSCH transmission. 
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 will modify both PHICH group and PHICH sequence in the flowing way [2]
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Method 3:

In this method there is an offset 
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 corresponding to the spreading factor for the PHICH modulation. This offset corresponds to effectively creating QPSK symbols for the PHICH within the same PHICH group.
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3. Preferred PHICH mapping from CS/OCC point of view
It is well known that there is a strong connection between PHICH resource allocation and CS/OCC mapping in SU and MU-MIMO. Hence we need to take into account that PHICH resource allocation does not limit the CS/OCC resource allocation by any means. It has been agreed that OCC is introduced in Rel-10 without increasing UL grant signaling overhead and that OCC can be used for both SU and MU-MIMO.
In [3] we propose that a separate cyclic shift (CS) is allocated for each spatial layer. We propose also that OCC index is derived from the allocated cyclic shift indexes with a look-up table. Table 1 shows the proposed mapping between OCC, 
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for PHICH and dynamically signalled cyclic shift index. The basic principle is to have equal spacing between the CS values of different spatial layers, maximizing the DM RS orthogonality.
Table 1. Mapping between OCC, 
[image: image10.wmf]DMRS

n

 and dynamically signalled cyclic shift index [3]
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Example of the proposed mapping between OCC and dynamic CS index is shown in Table 2. It is noted that very high DM RS orthogonality
 is achieved for different number of DM RS layers for example with CS/OCC combinations shown in Table 2. We can observe that with rank 2 spatial layers can be separated with maximum CS and OCC separation as shown in option 1. On other hand, by signalling a different CS index as is options 2 and 3 the OCC can be ‘turned off’ between SU-MIMO layers while maximum CS separation is maintained between layers. These options are beneficial when SU-MIMO rank-2 transmission is part of multi-bandwidth MU-MIMO transmission, or when the other terminal in MU-MIMO pairing is Rel’8 UE.

Table 2 Examples on the OCC configurations based on the OCC/CS index mapping [3]
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Notes

Layer 1 0 [+1 +1] 0 [+1 +1] 0 [+1 +1] 2 [+1 +1] 0 [+1 +1] 3 [+1 -1]

Layer 2 3 [+1 -1] 4 [+1 +1] 3 [+1 -1] 8 [+1 -1] 6 [+1 +1] 9 [+1 -1]

Layer 3 6 [+1 +1] 8 [+1 -1] 6 [+1 +1]

Layer 4 9 [+1 -1]

CS emphasized Max. separation Part of MU-MIMO Part of MU-MIMO OCC emphasized

Option 2 Option 3

4 layers 3 layers 2 layers



Option 1 Option 2 Option 1

DM RS configuration examples
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It is well known that CSI signalled in UL grant  (
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) can be used to change the PHICH resource e.g., to avoid PHICH collision in the case of MU-MIMO. This scheme should be available also in the case of SU-MIMO with multiple layers. The preferred operation from PHICH point of view is that allocation of two PHICH resources of SU-MIMO changes according to signalled  CSI value (in order to use CSI value for PHICH collision handling).  We note that this is the case of PHICH Method 2 and Method 3, whereas in Method 1 the occupied PHICH resources can remain unchanged regardless of the signalled CSI value: 
· PHICH resources in Method 1 are based on the allocated CSI values.  For example, with 2 layers, Option 1 (Table 1), two PHICH resources are always based on 
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) regardless of the signalled CSI value (4 or 5).
· PHICH resources in Method 2 and Method 3 are based on CSI value corresponding to first antenna port. Change of signalled CSI will change PHICH resources corresponding to both CWs.
Based on this observation we can say that Method 1 is not suitable PHICH mapping scheme since it cannot support change of the PHICH resources while maintaining the preferred CS/OCC allocation of SU- and MU-MIMO. 
Besides the compatibility with OCC/CS mapping, there are some other criteria in the preferred PHICH mapping:
· Maximal reuse of Rel-8 CSI mechanism to PHICH avoid collision
· Support for collision free operation with one PRB allocation
· Maximal flexibility and capability to balance power among PHICH groups.
It is noted that Method 3 supports all these criteria. Furthermore, it allows balancing power between I and Q branches which minimizes the I-Q interference in channel estimation. Based on these aspects, we propose to select Method 3 as way forward in PHICH resource allocation.
3.
Conclusions
Based on the discussions above, we propose that PHICH resources for SU-MIMO are implicitly derived from the signaled 
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value, such that the PHICH transmission for a SU-MIMO with 2 CWs will effectively use QPSK transmission on the same PHICH group.
Proposal: Method 3: (I,Q) branches of a QPSK symbol within one PHICH group is selected as way forward to allocate PHICH resources for the CW2 
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� Maximal cyclic shift separation, OCC separation between adjacent cyclic shifts.
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