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1. Introduction
In previous RAN1 meeting, it was agreed that carrier aggregation will be a key technology for LTE-A system to support bandwidth extension. And also, backward compatibility with the LTE R8 is mandatory for LTE-A system. Based on the discussion of carrier aggregation scenario, the carrier aggregations can be categorized as cell-specific asymmetric/symmetric carrier aggregation and UE-specific asymmetric/symmetric carrier aggregation. Also, many contributions [4-9] discussed the PHICH linkage between DL CCs and UL CCs. In this contribution, PHICH issues and schemes corresponding to asymmetric/symmetric with cell-specific and UE-specific scenarios in LTE-A system are analyzed.
2. Discussion
2.1. Cell-specific PHICH linkage
In LTE-A, carrier aggregation can be cell-specific symmetric in downlink and uplink for FDD and TDD or asymmetric for FDD only. Accordingly, The PHICH linkage between DL CCs and UL CCs in different carrier aggregation scenarios can be illustrated as the following four scenarios in Figure 1.
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Figure 1 PHICH linkage Scenarios
Scenario 1): One DL CC to one UL CC. [6] [8]
UL CCs and DL CCs are linked with one-to-one mapping rule which was shown in scenario 1) of Figure 1. This scenario is a straightforward scheme the same as that in LTE R8, where the PHICH resources in each DL CC are determined by the transmitted PUSCH in the related UL CC. The PHICH resource mapping and allocation rule is the same as the current LTE PHICH definition.  Also in this case, it will be more suitable to adopt the one to one PDCCH control scheme (separate coding with one PDCCH on each DL CC).
Scenario 2):  One DL CC to one UL CC, the other has no corresponding UL CC. [5] [6]
This scenario is based on the scenario 1) scheme, one to one mapping to the symmetric UL/DL CCs, the additional DL CCs are not LTE compatible since no PHICH is configured, which was shown in scenario 2) of Figure 1. DL CC1 is linked with UL CC1, thus all the ACK/NACK for the PUSCH of UL CC1 will be on DL CC1. Hence the LTE PHICH resource mapping and allocation rule can be reused in DL CC1. 
Scenario 3):  Multiple DL CCs are linked with one UL CC [5]
All the DL CCs are configured with PHICH resource linked with the single UL CC such that all DL CCs are R8 compatible as shown in scenario 3) of Figure 1. LTE UEs can camp on DL CC1 or DL CC2, and monitor the PHICH on the CC where they are camping. For LTE-A UE，[5] gives three PHICH mapping methods for LTE-A:

1) eNB sends ACK/NACK to the UE on both DL CCs

2) PDCCH for UL assignments can be mapped on any DL CC. The eNB sends ACK/NACK to the UE on the DL CC on which the PDCCH for UL assignment was mapped

3) PDCCH for UL assignments can only be mapped on a respective “anchor” DL CC. The eNB sends ACK/NACK to the UE on the anchor CC for UL grant
Since transmitting PHICH on both DL CCs would not be a desirable solution, so 2) or 3) solution will be more reasonable, and also the LTE PHICH resource mapping and allocation rule can also be reused , whether 2) or 3) need further investigation
Scenario 4):  One DL CC is linked with multiple DL CCs
Only one of UL CCs is LTE compatible, while others are not. Many contributions [6][7][8][9] discussed this scenario, there are two mainly alternative.
1) Alternative 1:  To enlarge the PHICH resource of LTE for LTE and LTE-A  [6][7][8][9]
This alternative enlarges the PHICH resource for all the related UL CCs. The PHICH mapping rule can reuse the LTE mapping rule with predefined relation of the numbers of PRB in UL CCs, e.g, if the LTE compatible UL CC is UL CC1, the number of PRB in UL CC1 is from 0 to 
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2) Alternative 2:  To use some of the PDCCH CCEs of LTE for LTE-A PHICH [7][8]
In this alternative,  the PHICH resource is configured according to the LTE compatible UL CC (UL CC1).  The PHICH resource for the LTE non-compatible UL CC (UL CC2) is a set of spare CCEs which are treated as normal PDCCH CCEs to LTE UE. Hence, PHICH resource needn’t enlarge. However, this method needs to design a new PHICH mapping rule for UL CC2, and also it will cause scheduling restriction due to the tree structure of CCE.
In scenario 4), based on the above two alternatives, we prefer alternative 1 with the concideration of maximum resuse the R8 design and sinplicity.
2.2. UE specific PHICH linkage[5]
In the UE specific PHICH linkage, it cannot be categorized to symmetric or asymmetric linkage easily, for the PHICH linkage is a configuration per UE. The UE specific PHICH linkage is illustrated in Figure 2. Noting that the PHICH linkage of LTE UE is still cell specific, only the PHICH for LTE-A UE is UE specific linked. 

For LTE-A UE, the result of the PHICH linkage configuration of UE is one of the above four scenarios, but each DL CC should reserve the PHICH resource for all the UL CCs. This will result in the DL PHICH resource waste. And also it will increase the complexity of PHICH collision avoidance.
For example, in the Figure 2, the LTE-A system has 3 DL CCs and 3 UL CCs, the deployment CC number is symmetric, but the UE specific PHICH linkage can be symmetric or asymmetric. Each DL CC needs to reserve the PHICH resource for the three UL CC’s PUSCH feedback. The PHICH mapping rule can also use the method of connection of the number of PRB in UL CCs. 
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Figure 2 PHICH linkage in UE specific
2.3. Summary of Cell specific and UE specific PHICH in LTE-A
Based on the above discussion of cell specific and UE specific, we give a comparison between cell-specific and UE-specific PHICH linkages in Table 1.
Table 1 Comparison between cell specific and UE specific PHICH linkages
	
	Cell  Specific PHICH linkage
	UE Specific PHICH linkage

	Backward compatibility with LTE R8
	Yes 

	PHICH resource utilization efficiency
	Almost the same to LTE R8
	Low

	Complexity of PHICH collision avoidance
	Almost the same to LTE in each DL CC
	High

	Standardization work
	Reuse most of the LTE definition
	Need definition the new configure procedure for UE specific PHICH linkage configuration. The mapping rule can reuse the LTE definition. 

	Relation with PDCCH Scheme 
	Suitable for PDCCH option 1[10]
	Suitable for PDCCH option 2 and 3[10]

	TDD consideration 
	One to one mapping is more likely for TDD.(TDD is symmetric in cell specific)
	Low(PHICH resource waste, even more serious for TDD configuration 0)


Basing on the above comparison, we prefer the cell specific PHICH linkage in LTE-A system. 
3. Proposed PHICH scheme
One preferred cell-specific PHICH linkage scheme for asymmetric carrier aggregation is shown in Figure 3, which mainly has two principles:
1) One to one PHICH mapping between DL/UL CCs when DL/UL CC pairs are available, i.e. the PHICH scenario 1 in in section 2.1.
2) The additional UL/DL CCs which can’t build up a CC pair can employ scenario 2/3/4 in section 2.1. 

a) DL CCs > UL CCs, either scenario 2 or 3 depends on the requirement for the backward compatibility of the additional DL CCs
b) DL CCs < UL CCs, it can use the alternative 1 of scenario 4 in section 2.1.
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Figure 3 PHICH linkage scheme
4. Conclusion 
In this contribution, we discussed the four mainly PHICH schemes for cell specific and the UE specific PHICH scheme. Based on the comparisons, we prefer cell specific PHICH scheme. And also we give our view about PHICH scheme, and the proposed principle for LTE-A PHICH is:
1) One to one PHICH mapping between DL/UL CCs shall be a baseline and shall be applied as .long as CC pair is available
2) The additional UL/DL CCs which can’t build up one to one mapping can use other cell-specific scenarios depending on the LTE-A deployment scenario and system configuration.. 
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