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1. Introduction
Even though many things on PHICH (Physical hybrid ARQ Indicator Channel) structure were decided until last meeting, PHICH to RE (Resource Element) mapping rule is still remaining issue. 

In this contribution, we suggest how to map PHICH to REs.
2. 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 [1].

· Frequency diversity over 3 repetitions should be guaranteed.

· Mapping algorithm should be simple.

· Interference randomization should be supported.

To satisfy first and second requirements, each repetition within one PHICH group should be distributed over whole system bandwidth. So we suggest 1/3 separation of whole bandwidth for each repetition of PHICH group to RE mapping. We propose PHICH mapping rule depends on physical layer cell ID similar with PCFICH (Physical Control Format Indicator Channel) mapping rule [2]. And then, if there are multiple PHICH groups in a cell, next PHICHs after deciding REG(4RE)s for first PHICH group can be mapped to contiguous REGs to previous REGs.
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Figure 1   PHICH to RE mapping for frequency diversity
In figure 1, an example of proposed PHICH to RE mapping rule is shown. REG positions for PHICH group #1 are decided by physical layer cell ID and then, positions for remaining PHICH groups (PHICH group #2, 3) can be determined to contiguous REGs. ‘Interval 1’ is separation interval between repetitions within one PHICH group for frequency diversity gain.
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) [2]. In scheduled cell planning case, generally neighbor cells would have continuous physical layer ID (0, 1, and 2) under same physical layer cell ID group. So, in addition to the above mapping concept, PHICH group to RE mapping between different physical layer IDs within a same physical cell ID group should be separated since those cells are likely to face each other in scheduled cell planning cases. 
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Figure 2   PHICH overlapping between neighbor cells
The above figure is an example of the case where we don’t consider separation of PHICH mapping between different physical layer IDs within a same physical cell ID group. In this case, if each cell has multiple PHICH groups, interference between PHICH groups from neighbor cells would be increased. Since PHICH can be transmitted by large power to meet ACK/NACK performance requirements for cell-edge users, we suggest PHICH to RE mapping between different physical layer IDs within a same physical cell ID group should be separated.
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Figure 3   Additional interval (Interval 2) for interference randomization
In figure 3, ‘Interval 2’ in addition to ‘Interval 1’ is introduced for separation between PHICH groups from neighbor cells. PHICH group starting points within an interval 1 is separated by interval 2 between cells within a same physical ID group as shown in figure 3, where interval 1 and interval 2 can be decided by system bandwidth.

More specifically, ‘Interval 1’ should be approximately 1/3 of whole system bandwidth and ‘Interval 2’ should be approximately 1/9 of whole system bandwidth. We can define formula which satisfies the proposal by using simple rule similar with PCFICH to RE mapping (6.7.4 in TS 36.211 [2]). 
That is, 1/3 system bandwidth separation between PHICH repetitions can be achieved by changing 1/4 factor in PCFICH mapping formula in TS 36.211 by 1/3, while starting RE position of PHICH mapping, ko, can be , for example, defined as follows;
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3. PHICH to multiple OFDM symbols mapping
For distributing the repetitions of PHICH group over m (m>1) OFDM symbols, there are two alternatives that have been discussed. In figure 4 and 5, the two alternatives are shown in cases of m=2 and 3. 
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(a) alternative 1
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(b) alternative 2
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(c) alternative 3
Figure 4   m=2 case in MBSFN subframes
When m=2, alternative 1 above keeps balanced antenna transmit power for PHICH in case of 4 transmit antennas while transmit power for PHICH can be unbalanced largely between two OFDM symbols. In alternative 1, 1+2 mapping is preferred instead of 2+1 mapping since there are PCFICH and RS in the first OFDM symbol. On the other hand, alternative 2 and 3 in figure 4 keep balanced PHICH transmit power between two OFDM symbols while antenna transmit power can be unbalanced largely in case of 4 transmit antennas.
However, PHICH is distributed over two OFDM symbols (m=2) only in case of MBSFN subframes under the current working assumption., Therefore, we think power imbalance between 2 OFDM symbols or between antenna pairs (between transmit antenna ports 0/2 and 1/3) is not a major problem since there can be enough room for power sharing between antennas or control channels because there is no downlink grants in MBSFN subframes. Therefore, we think PHICH mapping rule should be decided based on the cases of m=1 and m=3.
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(a) alternative 1
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(b) alternative 2
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(c) alternative 3
Figure 5   m=3 case in non-MBSFN subframes
In m=3 case, all of alternatives are not problematic in PHICH transmit power balancing between OFDM symbols. On the other hand, alternative 1 and 3 can be simpler in specifying PHICH distribution over any number (1, 2 or 3) of OFDM symbols since they have same frequency positions for PHICH over multiple OFDM symbols with m=1 case. However, both alternative 2 and 3 have a problem in antenna power balancing if we keep the same repetition indexing with m=1 case. So, we prefer alternative 1.
4. Summary
In this contribution, we suggested general methods of PHICH to RE mapping for all the cases of m=1, 2 and 3. We suggest these methods should be reflected in making PHICH to RE mapping rule.
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