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1. Introduction

The PHICH carrier linkage [1], [2] was first discussed at the RAN1#56bis meeting, and additional contributions were submitted until the RAN1#58 meeting, [3-9]. Furthermore, at the RAN1#58 meeting, application of the carrier indicator (CI) was agreed upon [10]. This contribution describes our view on the PHICH carrier linkage considering the application of the CI in LTE-Advanced.
2. PHICH Carrier Linkage Method
In order to maintain the backward compatibility, the Rel. 8 implicit mapping method from the uplink physical resource block (PRB) index to the PHICH resources should be reused. One issue that must be addressed for such a PHICH carrier linkage method in carrier aggregation is PHICH resource collision. When carrier aggregation is employed without a CI, employing cell specific PHICH carrier linkage of a downlink component carrier (CC) to an uplink CC would be beneficial. This is because the PHICH resources do not collide with each other as long as the number of downlink CCs is greater than or equal to that for the uplink CCs (due to the implicit mechanism in which the PHICH resource index is linked to the first RB index of the PUSCH transmission in Rel. 8 LTE). There are several cell-specific linkage structures considering asymmetric CCs, [1], [7-9]. 
At the RAN1#58 meeting, the application of the CI was agreed upon [10]. By using a CI, it becomes possible to grant the PUSCH transmission on the different uplink CC from the cell specifically-linked uplink CC as shown in Fig. 1. 
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Figure 1 – PHICH transmission in cell specific manner with CI

In this case, however, the simple cell-specific linkage method is not beneficial. This is because the channel conditions of the PHICH could become much worse than those for the uplink grant in some deployment scenarios, since the PHICH is transmitted in a different CC from that for the uplink grant transmission [6], [7]. One example is a heterogeneous network deployment where the CC carrying the PHICH experiences far worse channel conditions than the CC carrying the uplink grant due to the strong interference from other cells. In order to maintain the same channel conditions for the uplink grant and the PHICH, we support that the PHICH is transmitted in the same CC as the uplink grant as shown in Fig. 2.
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Figure 2 – PHICH transmission in the same CC as the uplink grant
The demerit to this scheme is PHICH collision as shown in Fig. 2. In order to avoid this, we consider that reuse of the PHICH modifiers defined in Rel. 8 LTE is the baseline. The necessity of additional flexibility such as CC indication [7] is FFS. Furthermore, a CC specific shift of the PHICH group number [11], which was first proposed considering the case where the number of uplink CC is greater than the number of downlink CC, should be investigated further.
3. Conclusion

In this contribution, we presented our views on the PHICH structure for carrier aggregation in LTE-Advanced. 
· The PHICH is transmitted in the same CC that the uplink grant is transmitted.
· The necessity of additional flexibility such as CC indication and CC specific shift of the PHICH group number is FFS.
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