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1 Introduction
The RAN1 #61 meeting discussed the PHICH transmission for feedback to the UL MIMO. A number of high level categorized solutions are listed in the meeting to summarize the current proposals. It is concluded to try to choose one of the listed solutions for PHICH till the next meeting. In this contribution we give our views on the current summary for the RAN1 #61 report and further illustrate our solutions
2 Discussion

RAN1 is studying on 3 types of solutions: 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. One of principle question for having above solutions is whether we should keep ACK/NACK to 2 streams in 1 PHICH group. Here look at the principle in general.
2.1 Mapping ACK/NACK by 2 PHICH Groups 
As the backward-compatibility is always the basic rule, the method associating CSI value will results in 2 ACK in different PHICH groups if we re-use mostly what was defined in Rel-8. Different PRB-indices is similar in this sense. Those solutions require UE to decode 2 sets of PHICH group symbols. Those solutions can ensure better PHICH distributions among different groups and reduce interference within a group.
2.2 Mapping ACK/NACK within a PHICH Group
The ACK/NACK modulate into one PHICH Group is also proposed. It also builds upon Rel-8 PHICH mapping. The second ACK/NACK is modulated in a sequence in same PHICH group with a fixed offset. By choosing certain offset, it can archive a single QPSK demodulation for 2 ACK/NACK. One group PHICH mapping will simplify the demodulation.
In LTE standardization, target of PHICH mapping design is on even distribution of PHICH. The 
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 did well to fulfill the purpose for better balance of PHICHs. It also takes care of extreme case such as UL MU-MIMO, which will have multiple PHICHs for same PRBs. The introducing of UL SU-MIMO should share the similar purpose. Distributing ACK/ACK into different PHICH groups will reduce the chance that 2 or more SU-MIMO user share one PHICH group and mitigate interference between sequences. 

In previous releases, decoding complexity is not an issue for the structure of it only composes a few REs and short spreading code. Double this decoding seems not a big issue as SU-MIMO capable UE required more decoding complexity than single stream operation.

Over all, the 2 principle bring same level of minor modification on PHICH mapping. Then as a natural extension previous release, mapping ACK/NACK by 2 PHICH Groups is slightly prefer.
3 Cyclic Shift Index Association
Compared with Different-PRB method, CSI Association has more variations. Here we illustrate few options of associating different CS values the corresponding PHICH resources. We define 2 options under CSI Association.
3.1 Option 1
In this option, the CSI value associated with the PUSCH transmission [3]. We can reuse the current PHICH mapping function:
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“i” is the CW index of a stream. Different CW corresponds different
[image: image5.wmf]DMRS

n

. 
[image: image6.wmf]DMRS

n

 definition is unchanged for single layer transmission, but redefined for SU-MIMO transmission. In SU-MIMO, 2 definition of 
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 are as follows:
Option1a: Cyclic shift of the lower layer of each Codeword, as shown in figure 1A.
Option1b: Cyclic shift of fixed layer, as shown in figure 1B.
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For non-adaptive HARQ retransmission, when Rank=4 Option 1b occupy more resources than Option 1a does.
Figure 1 Cyclic Shift selection
3.2 Option 2
In Option 2, 
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for CW1 is determined by 
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 as Rel-8. 
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for CW2 is derived by adding a offset on 
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. The example shown in [4] and [1] can be categorized as Option 2. 

Option 2a [4]: 
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Option 2b [1]: 


[image: image15.wmf]_

_

_

_

()mod

(/)mod2

grouplowestindexoffsetgroupgroup

PHICHPRBRADMRSDMRSPHICHPHICHPHICH

seqlowestindexgroupoffsetPHICH

PHICHPRBRAPHICHDMRSDMRSSF

nIInNIN

nINInN

=+++

êú

=++

ëû


Option 2C: 
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3.3 Comparison
Regarding standard change, Option1 does smaller change than Option2. 

As for the randomization, Option 2a may or may not result in deferent sequences. That is because the offset is put into the floor operation. All other options can avoid this. 

Following CS for all layers, the Option 1 can arbitrarily change its PHICH. With supporting of DMRS signaled by eNodeB, Option 1 can be more flexible than Option 2a/b, which is using fixed or semi-static offset. In this sense, Option 2c can only have a predefine differentiation between CW1 and CW2. The flexibility for Option 2c is slightly worse than Option 1. 

4 Conclusion

In the contribution, we analyze mapping rules for SU-MIMO PHICH. In context of keeping compatibility, the SU-MIMO scheduling flexibility and PHICH interference are also considered. With those criterions in mind, we proposed RAN1 to adopt: 

· ACK/NACK for different CWs should be mapping into different PHICH groups
Upon on this, we prefer the Option 1a. 
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