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1. Introduction
During last RAN1 meetings, the followings have been agreed on PHICH structure [1].

· Each PHICH is spread by SF=4 for 1 TxD and 2 TxD cases.

· Each PHICH is repeated 3 times to get frequency diversity for 2 TxD and 4 TxD cases.

· PHICH repetition is done over all the OFDM symbols which carries PDCCH in each subframe so that each PHICH should be transmitted through all those OFDM symbols.
In this contribution, we discuss antenna mapping of PHICH for 4 TxD case and suggest a way forward. Also, we propose a general method of PHICH to RE mapping.
It should be noted that we assume the number of OFDM symbols for PHICH transmission is 1 or 3 for non-MBSFN subframes and 1 or 2 for MBSFN subframes. So, we consider all those 1, 2 and 3 OFDM symbol cases in this paper.
2. Antenna mapping of PHICH for 4 TxD case
We consider two alternatives for PHICH antenna mapping in case of 4 Tx antennas.
· Alt 1. SF=4 and FSTD by 4 RE unit
As a first alternative, we consider only applying SFBC for each repetition of a PHICH with SF=4, but frequency switching diversity is applied between repetitions, as shown in figure 1. Pros and cons of this alternative are as follows.
Pros)

· More spreading gain (SF=4) is achieved compared with the alternative 2 below (SF=2).
Cons)

· 4 Tx antenna SFBC/FSTD structure is different from what is agreed for other control channels.
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Figure 1       PHICH antenna mapping with SF=4 (Amn: m-th spread symbol of n-th PHICH, Ci: i-th symbol for a CCE)
· Alt 2. SF=2 and connecting 2 PHICHs in a 4 RE unit 
As a second alternative, each PHICH is spread by SF=2 and a pair of PHICHs are coupled in a 4 RE unit to keep 4 RE based structure. Moreover, mapping positions of those coupled PHICHs are reversed per each repetition to keep the same SFBC+FSTD antenna mapping structure with other channels following current working assumption.

Pros)

· 4 Tx antenna SFBC/FSTD structure is same with that for other channels
Cons)

· Spreading gain is smaller (SF=2) than that in alternative 1 above (SF=4) 
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Figure 2       PHICH antenna mapping with SF=2 (Amn: m-th spread symbol of n-th PHICH, Ci: i-th symbol for a CCE)
We don’t see a big technical difference between two alternatives described above, therefore, we suggest employing one of those two alternatives depending on the importance between spreading gain and unified SFBC/FSTD structure.

3. PHICH to RE mapping
In this section, we suggest a general approach of PHICH to RE mapping regardless of the antenna configuration. For PHICH to RE mapping, we consider the following requirements.

· Mapping algorithm should be simple.

· Frequency diversity over 3 repetitions should be guaranteed.

· Interference randomization should be supported.
To satisfy those requirements, we suggest a ‘frequency zone’ based PHICH to RE mapping which concept was already introduced for PCFICH to RE mapping [2]. The suggested approach is illustrated in figure 3 to 5, where

· A system bandwidth is segmented by 3 frequency zones.

· PHICHs are grouped by 3 PHICH groups.

· j-th (j=0,1,2) repetition of i-th (i=0,1,2) PHICH group is allocated to l-th (l=0,1,2) zone of k-th (k=0,1,2) OFDM symbol by following manner.
k = j mod NOS
l = (i+j) mod 3

, where NOS indicates number of OFDM symbol which carries PHICH

· Starting RE position for a PHICH group within a frequency zone in each OFDM symbol is decided by a cell-specific manner
· RE mapping of each PHICH within a PHICH group can vary per repetition for interference randomization over PHICH group repetitions.
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Figure 3       PHICH to RE mapping with frequency zones (3 OFDM symbols)
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Figure 4       PHICH to RE mapping with frequency zones (2 OFDM symbols)
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Figure 5       PHICH to RE mapping with frequency zones (1 OFDM symbol)

4. Conclusions

In this contribution, we suggest selecting between spreading factor 2 and 4 for PHICH antenna mapping for 4 TxD case. Also, we propose a frequency zone based PHICH to RE mapping approach.
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