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1. Introduction
During last RAN1 meetings, the following has been agreed on PHICH (Physical Hybrid ARQ Indicator Channel) structure in extended cyclic prefix subframe.

· Each PHICH is spread by SF=2 for 1, 2 and 4 Tx antennas.
However, the exact structure for SF=2 case is for further discussion. In this contribution, we discuss detail PHICH structure for 1, 2 and 4 TxD in extended CP (Cyclic Prefix) subframe. Also, we propose a general method of OFDM symbol mapping rule of PHICH to multiple OFDM symbols.
2. Antenna mapping of PHICH for 1 and 2 TxD case in extended CP subframe
With SF=2, connecting 2 PHICH CDM groups over a 4 RE unit as in figure 1 and figure 2 is a natural way to keep the control channel structure based on 4 RE units. Therefore, we suggest structures shown in figure 1 and figure 2 as antenna mapping for PHICH in case of 1 Tx antenna and 2 Tx antennas respectively.
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Figure 1 PHICH antenna mapping with SF=2 for 1 Tx antenna (Amn: m-th spread symbol of n-th PHICH, Ci: i-th symbol for a CCE)
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Figure 2 PHICH antenna mapping with SF=2 for 2 TxD (Amn: m-th spread symbol of n-th PHICH, Ci: i-th symbol for a CCE)
3. Antenna mapping of PHICH for 4 TxD case in extended CP subframe
In case of 4 Tx antennas, we consider three alternatives for PHICH antenna mapping in extended CP subframes.

Alt 1) Repeating 1 PHICH over 4 RE unit under original SFBC/FSTD structure

This antenna mapping of PHICH for 4 TxD was intoruduced in [1] and [2]. The structure can be depicted as follow:
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Figure 3 PHICH antenna mapping with SF=2 and RF=4 (Amn: m-th spread symbol of n-th PHICH, Ci: i-th symbol for a CCE)
Pros)

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

· Cons)More REs (Resource Elements) are needed to keep ‘three times repetition of 4 RE units’ than in other cases.
· If the repetition is reduced to keep required amount of REs small, it can not be adopted when PHICH duration is 3.
Alt 2) Connecting 2 PHICH CDM groups in a 4 RE unit under original SFBC/FSTD structure
In this alternative, each PHICH is spread by SF=2 and a couple of PHICH CDM groups are coupled in a 4 RE unit to keep 4 RE based structure. Moreover, antenna mapping position of those coupled PHICH CDM groups are reversed per each repetition two keep the same SFBC+FSTD antenna mapping structure with other channels following current working assumption [3].

Pros)

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

Cons)

· 4 Tx antenna SFBC/FSTD structure is different with that for normal CP subframe.
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Figure 4 PHICH mapping alternative 1 with SF=2 (Amn: m-th spread symbol of n-th PHICH, Ci: i-th symbol for a CCE)
Alt 3) Connecting 2 PHICH CDM groups in a 4 RE unit under modified SFBC/FSTD structure
As a last alternative, we consider applying modified SFBC/FSTD for 4 TxD is same with that for normal CP subframe. In this structure, only SF is reduced from 4 to 2 with same structure as shown in figure 3. Pros and cons of this alternative are as follows.
Pros)

· 4 Tx antenna SFBC/FSTD structure is same with that for normal CP subframe..
Cons)

· 4 Tx antenna SFBC/FSTD structure is different from what is agreed for other control channels.
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Figure 5 PHICH mapping alternative 2 with SF=2 (Amn: m-th spread symbol of n-th PHICH, Ci: i-th symbol for a CCE)
Since alternative 1 above has problem in management of RE resource and PHICH duration we prefer alternative 2 or 3 above. Regarding alternative 2 and 3, we don’t see a big technical difference between those two alternatives, therefore, we suggest employing one of alternative 2 and alternative 3.
4. PHICH to RE mapping

In this section, we suggest a general approach of PHICH mapping to multiple OFDM symbols regardless of the antenna configuration and CP length. First of all, we assume that PHICH duration can be set to 2 OFDM symbols in MBSFN subframes. When PHICH duration is more than 1, PHIICH should be transmitted over multiple OFDM symbols. To satisfy this requirement, we suggest OFDM symbol indexing rule from PHICH to RE mapping rule that was already proposed in [3]. This indexing rule is same principle with [4].The suggested approach is illustrated in figure 6 to 7, where
· j-th (j=0,1,2) repetition of i-th (i=0,1,2) PHICH (or PHICH CDM group) is allocated to k-th (k=0,1,2) OFDM symbol by following manner.

k = (i+j) mod NOS
, where NOS indicates number of OFDM symbol which carries PHICH

· After PHICH to OFDM symbol mapping, detail mapping rule (whether outside of control channel interleaving or part of the interleaving process) is for further study.
[image: image6.emf] 

OS1

OS2

OS3

1

st 

repetition 

2

nd 

repetition 

3

th 

repetition 


Figure 6 ODFM symbol indexing for PHICH (3 OFDM symbols)
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Figure 7 ODFM symbol indexing for PHICH (2 OFDM symbols)
5. Conclusions

In this contribution, we suggest PHICH antenna mapping for 1 and 2 TxD and two alternatives for PHICH antenna mapping for 4 TxD in extended CP cases. Also, we propose general mapping rule of PHICH to multiple OFDM symbols.
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