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1. Introduction

There are several contributions discussing PHICH resource mapping in LTE-A since some additional features, such as: asymmetric carrier aggregation, carrier indicator, and non-PHICH carrier are possible to be introduced which might change the mapping method we have in LTE.
In this contribution, we discuss two issues regarding this aspect: one is how to identify the carrier to carry PHICH given all the interested scenarios, and the other is how to map PHICH resource for multi-UL carriers within one DL carrier.  Our current preference is also shown in this contribution. 

2. Discussion 

· How to identify the carrier to carry PHICH?
Our concerning scenarios for this issue are: 

1. More UL carriers aggregated than DL carriers, mainly due to high UL traffic load or aggregation of some UL bandwidth
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2.  DL carrier without PHICH is aggregated, due to interference consideration as described in [1]
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Currently, there are two main streams for solving this problem, one is to follow the pre-determined carrier mapping, and the other is to follow the same DL carrier UL grant transmitted on.
· Predetermined carrier mapping: Using LTE defined UL/DL pair or newly defined cell-specific carrier mapping to determine the DL carrier to transmit PHICH for transmission on a specific UL carrier. [1] and [2]
This method is quite in-line with the one of LTE and can have the most efficient way of PHICH distribution. Almost of the contributions agree that to reuse pairing relationship of LTE Rel-8 is desired for symmetric carrier aggregation case. Since in LTE it is not possible to map multiple UL carriers to a single DL carrier, extra mapping information is required for the mentioned two scenarios. A drawback of this method is that cell-specific mapping method will restrict the possible UE specific carrier aggregations, since the paired carrier must be aggregated 
· Following PDCCH: The PHICH always comes in the same DL carrier as the carrier corresponding UL grant transmitted on.[3], [4], and [5]
This method also provided an un-ambiguous mapping given the concerned scenarios. Since we agree to support carry indicator in LTE-A, this method provide the most flexible way to aggregate carrier and allow e-NB to dynamically adjust the PHICH loading for each carrier. The main drawback of this method is possible of introducing “dummy” PHICH resource. Since for each UL transmission, there maybe multiple DL carrier candidates to carry the PHICH, and only one of them may be utilized. Though this may be recovered by e-NB scheduling, it’s not a efficient way of PHICH mapping.
A hybrid method can be developed to utilize the benefit of the two mapping way: For the UL carrier with PHICH resource on paired DL carrier, follow LTE DL/UL mapping and for the UL carrier without PHICH resource on paired DL carrier, follow the PDCCH. This method can provide a scenario-independent rule and reuse LTE method on per-carrier basis. The extra overhead of PHICH is also reduced. As shown in below figure, PHICH for U1/U2 are carried on D1/D2 correspondingly and PHICH for U3 depends on PDCCH. The same PHICH resource distribution can be allocated given there is D3, which is paired carrier of U3, without PHICH on it.
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· How to map PHICH resource for multi-UL carriers within one DL carrier?
There are contributions discussing how to avoid PHICH resource collision between different UL carriers. Couples of them prefer pure eNB scheduling to avoid collisions, and the others propose some shifting of parameter (ex. PRB number) to avoid collisions. We prefer to have shifting to ease the eNB scheduling burden. 

Considering backward compatible issue, we think it’s better not to make the PHICH for any UL carriers invisible to LTE UE. To separate PHICH resource for different UL carrier into different PHICH group, false CCEs will be introduced and it will affect LTE UE PDCCH decoding property, blocking search space for LTE UEs. Though it will cause PHICH resource allocation inefficient if we have a mixed resource for different carriers, network scheduling can serve this case given that we already prevent collision to some extent with shifting resource. 
3. Conclusion

In this contribution we discuss the issue regarding PHICH resource mapping and propose:

1. For the UL carrier with PHICH resource on paired DL carrier, follow LTE DL/UL mapping. Otherwise, follow the carrier PDCCH transmitted on.

2. Each UL carrier has different offsets for PHICH resource calculation when allocating PHICH resource for multiple UL carriers within one DL carriers.
· The number of PHICH group seen by LTE UE is the same as that seen by LTE-A UE. 
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