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1. Introduction
Even though many things on PHICH (Physical hybrid ARQ Indicator Channel) structure were decided until last meeting, there are sill remaining issues on PHICH to RE mapping.
In this contribution, we discuss on the remaining issues.
2. PHICH grouping and indexing
2.1. General method
Even though most of PHICH related issues were decided until last meeting, the method of mapping the PHICH indexing is still remaining issue. In PHICH indexing, we propose ‘Group first indexing’. PHICH indices are counted over all the configured PHICH groups with a same orthogonal sequence first, and then orthogonal sequence is changed to assign next PHICHs over all the PHICH groups. PHICH indexing is completed by repeating this procedure until all the configured PHICHs are assigned their own index. In this method, the load on each PHICH group will be more balanced when available resource for PHICH is larger than actual required resource for PHICH.

To satisfy above, each PHICH needs group index and orthogonal sequence index. The group index of each PHICH (
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) can be calculated by following formula;
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In addition to this method, we propose PHICHs are mapped in I channel first, and then remaining PHICHs are mapped in Q channel. In this way, we can reduce interference between I and Q channel when all of PHICH groups are not loaded fully.

The example when our proposal is applied in index allocation in SF4 is shown in Table 1. In the example, we assume that the number of PHICH is 12 and the number of PHICH group is 2.

Table 1   Example of group and sequence index allocation for each PHICH (SF4)

	
[image: image8.wmf]PHICH

i


	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	
[image: image9.wmf]PHICH

group

i


	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	
[image: image10.wmf]PHICH

sequence

i


	0
	0
	1
	1
	2
	2
	3
	3
	0
	0
	1
	1

	I or Q
	I
	I
	I
	I
	I
	I
	I
	I
	Q
	Q
	Q
	Q


2.2. In case of extended CP

Regarding SF (Spreading Factor) of PHICH, current agreement is as follow;

· In normal CP subframe, SF4

· In extended CP subframe, SF2

The number of PHICH within a PHICH group is different according to spreading factor. In case of SF4, one PHICH group can support 8 PHICHs, while one PHICH can support only 4 PHICHs in case of SF2. So, even though same number of PHICHs is required in both normal and extended CP subframe, required number of PHICH groups would be different depending on the spreading factor.
Ex) When the number of  PHICH = 12,
In case of SF4, 
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is the number of PHICH groups in SF4.
In case of SF2, 
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is the number of PHICH groups in SF2.
However, if the number of PHICH group is odd value in case of SF2, there would be a problem as described in figure 1.
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Figure 1   odd number of PHICH groups in case of SF2
As shown in figure 1, some REs would be wasted in case of odd number of PHICH groups with SF2 since PHICH groups should be mapped to REGs (consists of 4 REs). 2 REs would be remained after the last PHICH group is mapped to 2 REs within a 4 RE REG. To solve the problem, we propose that the number of PHICH groups in case of SF2 should be always set to twice the number of PHICH groups in case of SF4. 
· 
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If this proposal is applied to the above example, there are 4 PHICH groups instead of 3 in case of SF2 since the number of PHICH groups is 2 in case of SF4. In this method, the mapping problem in case of odd number of PHICH groups can be solved easily and more even transmit power allocation over PHICH groups can be achieved as in figure 2 below.
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Figure 2   even number of PHICH groups in case of SF2
3. PHICH to RE mapping

We think interference reduction between neighbor cells should be considered in PHICH to RE mapping even though PHICH to RE mapping rule is already described in [1]. It’s because PHICH transmit power is likely to be power-boosted in many cases since there is no other resource domains to adjust PHICH coverage except transmit power. So, in this section, we suggest PHICH to RE mapping rule depending on the cell ID. For PHICH to RE mapping,
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Figure 3   PHICH to RE mapping without considering physical layer cell ID (current draft CR)
The figure 3 above is an example of the case where we apply PHICH and PCFICH mapping rule in current CR specification. In this case, performance for PHICH transmission would be decreased by interference between PHICH groups from neighbor cells since there is no consideration on interference avoidance between PHICH groups from neighbor cells. Since PHICH can be transmitted by large power to meet ACK/NACK performance requirements for cell-edge users, we suggest PHICH to RE mapping should be separated depending on physical layer cell ID.

We propose PHICH mapping rule depends on physical layer cell ID similar with PCFICH (Physical Control Format Indicator Channel) mapping rule [1]. Especially, separation in frequency domain between PHICH clusters (e.g. 1st repetition of all the PHICH groups in a cell constructs one cluster) of the cells within a same cell ID group is set large intentionally. This is because the cells within a same cell ID group is likely to be planned as neighbour cells since these cells are assigned different PSC sequences.
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Figure 4   Proposed PHICH to RE mapping with considering physical layer cell ID for interference randomization
In the figure 4 above, an example of proposed PHICH to RE mapping rule is shown. REG positions for PHICH group #0 are decided by physical layer cell ID and then, positions for the remaining PHICH groups (PHICH group #1, 2) can be determined to contiguous REGs. ‘Interval 1’ is separation interval between repetitions within one PHICH group for frequency diversity gain. ‘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 4, 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 small modification of PHICH to RE mapping (6.9.3 in [1]). 
The detailed example is as follow;
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 representing the three resource-element groups used for transmission of PHICH group  
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 are defined by the following steps:

1)
Initialize 
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2)
Initialize 
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3)
Number the resource-element groups not assigned to PCFICH or PHICH in the first OFDM symbol from 0 to 
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, starting from the resource-element group with the lowest frequency-domain index.

4)
Set the frequency-domain indices
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 in step 3.
5)
Increase 
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6)
Repeat from step 3 until all PHICH groups have been assigned.

4. Summary
In this contribution, we discussed remaining issues on PHICH and suggested PHICH to RE mapping rule. We suggest these proposals should be reflected in finalization of LTE specification. The proposals can be summarized as follow;
· PHICH grouping and indexing

· ‘Group first indexing’ is proposed for PHICH load balancing

· ‘I channel first mapping and then Q channel mapping’ is also proposed to reduce interference between I and Q channels.

· In case of extended CP, the number of PHICH group should be set to twice the number of PHICH groups in case of normal CP.

· PHICH to RE mapping
· PHICH to RE mapping rule depending on cell ID is proposed for interference randomization between PHICH groups from neighbor cells.
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