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1 Introduction

This contribution discusses a PHICH scheme for LTE-A. Since backward compatibility is a mandatory requirement, Most of the main aspects for the PHICH transmission in LTE-A should reuse the ones in LTE, such as the number of repetitions for each PHICH, the modulation scheme, the use of orthogonal spreading for each PHICH group, the time and frequency resource mapping etc. in a word, basic PHY layer procedure should be the same as LTE if the compatibility is required.
However, carrier aggregation is supported in LTE-A [1]. Multiple DL and UL component carriers may be assigned to LTE-A UEs simultaneously. A PHICH resource corresponding to a PUSCH transmission is not only identified by the PHICH group number and orthogonal sequence index within the group, but also the component carrier where the PHICH located in. 
In this contribution, we provide a preliminary investigation on the PHICH transmissions in a carrier aggregation scenario. 
2 The component carrier index of the PHICH resource
In LTE-A, cell-specific carrier aggregation can be symmetric or asymmetric. In the symmetric case, the number of carriers in DL and UL are the same, as illustrated in figure 1(a), where the arrowhead represents the linkage between the DL and UL component carrier. In the asymmetric case, the number of carriers in DL and UL can be different. DL carriers can be more or less than UL carriers, as illustrated in figure 1(b) and figure 1(c).
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Figure 1  Symmetric and Asymmetric carrier aggregation
There are mainly two options to identify the component carrier index of the PHICH resource, as follows:
Option 1:

DL PHICH for a PUSCH transmission can be transmitted on the DL component carrier used for the most recent corresponding UL grant PDCCH transmission. 
To reduce DL resource overhead, the PHICH corresponding to a PUSCH on a UL component carrier is transmitted on a single DL component carrier even multiple DL component carriers are linked to the UL component carrier as illustrated in figure 1(b).
This is a straightforward solution and PHICH groups are pre-reserved in each DL component carrier. But when joint coded PDCCH structure applied, multiple UL grant would be transmitted on one DL component carrier, then multiple PHICHs would be transmitted on the DL component carrier and cause some mapping and scheduling restriction. 
Option 2:
DL PHICH for a PUSCH transmission can be transmitted on the DL component carrier linked with the corresponding UL component carrier. 
This option will put some restriction on UE-specific carrier aggregation. For example, in a system with cell-specific carrier aggregation as illustrated in figure 1(a), a UE-specific carrier aggregation includes DL CC1, UL CC1 and UL CC2 will have some problems in PHICH transmission. however, since most of the common parameters of the UL component carrier are broadcasted on the linked DL component carriers, whether this kind of UE-specific carrier aggregation is allowed need further consideration.
In the asymmetric case where DL carriers are more than UL carriers as illustrated in figure 1(b), when a UE is assigned multiple DL carriers and the corresponding UL carrier, the component carrier index of the PHICH resource can be identified by one of the following methods:
· The maximal or minimal index of the assigned DL carriers;

· The one with the largest bandwidth if the assigned DL carriers have different bandwidths;
· The one which has been assigned as an anchor carrier;

· The one associated with the UL PRB group which the lowest PRB index of the corresponding PUSCH transmission belongs to. Available physical resource blocks of the UL component carrier are divided into several groups and each group is associated with an assigned DL carrier as illustrated in figure 2. 
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              Figure 2 UL PRB group
The two options both have pros and cons. Some factors should also be taken into account, such as: the Consideration of non-backward-compatible configurations, the PDCCH structure i.e. separate or joint PDCCH, asymmetric allocations between the DL and the UL carriers etc.
3 PHICH Assignment Procedure
For the symmetric case, after the DL component carrier where the PHICH located in identified, the same PHICH assignment procedure as LTE Rel-8 can be reused, i.e. The PHICH resource is identified by the PHICH group number and orthogonal sequence index within the group.
Also, for the asymmetric case where DL carriers are more than UL carrier as illustrated in figure 1(b), the PHICH corresponding to a PUSCH on a UL component carrier is transmitted on a single DL component carrier, after the DL component carrier identified, the same PHICH assignment procedure as LTE Rel-8 can be reused.

For the asymmetric case where UL carriers are more than DL carrier as illustrated in figures 1(c), it’s noted that LTE UEs may have UL transmissions in only one UL carrier associated with the DL carrier and LTE-A UEs can have UL transmissions in any of the UL carrier. Two Alternatives had been proposed in [2]:

· In Alternative 1, a single set of PHICH resources that are shared by PHICHs for all the UL CCCs is assigned, along with UL CCC-specific PHICH index shifts.
· In Alternative 2, multiple sets of PHICH resources are assigned for the UL CCCs, where one set is accessible by both LTE and LTE-A UEs, while the other sets are accessible by only LTE-A UEs.
Alternative 1 needs a large number of PHICH resources to avoid potential collision risk and in some cases may cause DL resource waste. Alternative 2 uses some CCE resources for assigning new sets of PHICH resources and will cause scheduling restriction due to the tree structure of CCE.
Further study is needed to take into account the DL resource overhead, the complexity of scheduling of any possible solution.
4 Conclusion
In this contribution, we provide our view on the PHICH transmissions in a carrier aggregation scenario. A PHICH resource corresponding to a PUSCH transmission is identified by the DL component carrier where the PHICH located in, the PHICH group number and orthogonal sequence index within the group. Two options of DL component carrier identification were discussed. Some considerations about PHICH assignment procedure are also provided.
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