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1 Introduction
As opposed to the LTE system operates in a single contiguous bandwidth (or in a single carrier), the LTE-Advanced allows aggregating multiple bandwidths for a pair of a UE and an eNodeB to operate in the resultant aggregated carriers [1]. The bandwidth aggregation can be symmetric or asymmetric. In the symmetric case, the number of carriers in the UL and the downlink (DL) are the same, as illustrated in Figure 1, where three carriers are aggregated. In the asymmetric case, the number of carriers in the UL and the downlink (DL) can be different. In some cases, we have more UL carriers than DL carriers; in some other cases, we have more DL carriers than UL carriers as illustrated in Figure 2. The carrier aggregation mode can be either UE-specific or cell-specific. 
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Figure 1 Symmetric carrier aggregation

[image: image2.emf]CCC1

CCC1

CCC2

CCC1

CCC1

CCC2

(a) Multiple UL carriers and 

one DL carrier

(b) Multiple DL carriers and 

one UL carrier

DL

UL

DL

UL


Figure 2 Asymmetric carrier aggregation
In LTE, UL PRB index to PHICH resource index mapping is defined under the condition that we have only one pair of DL and UL carriers. However, since the LTE PHICH mapping rule does not always straightforwardly apply in different scenarios of carrier aggregation in LTE-A, we need new PHICH mapping rules in LTE-A. General discussions on the PHICH design in different carrier aggregation scenarios are summarized in [3]. 
In this contribution, we provide a preliminary investigation on the PHICH transmissions in a cell-specific carrier aggregation scenario, with one DL and multiple ULs, as shown in Figure 2(a). 
2 PHICH mapping in LTE-A with more ULs than DLs
LTE-A UEs can have UL transmissions in any of the UL CCCs, while LTE legacy UEs may have UL transmissions in only one UL CCC associated with the DL carrier. In the setting illustrated in Figure 2(a), 1 UL CCC can be used by both LTE and LTE-A UEs, and the other 
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 UL carriers are only accessible by LTE-A UEs, where 
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 is the number of the UL carriers.
In response to a UL transmission of an LTE-A UE in multiple UL CCCs, eNodeB may transmit either multiple HARQ ACK/NACK (AN) bits in multiple PHICHs (one AN bit per PHICH), or one AN bit in a single PHICH with AN bundling. Between these two strategies, feeding back multiple ANs seems to be a more natural approach than AN bundling under the current agreement of having one transport block per component carrier [2]. However, AN bundling can also be considered for less PHICH overhead, if there are clear benefits. In this contribution, we consider two alternatives for sending multiple ANs over multiple PHICH channels, by defining mappings between the lowest PRB indices in multiple UL component carriers and PHICH resource indices in the DL component carrier. For the description of these two alternative methods, we focus on the case with 1DL:2UL cell-specific aggregation case, as shown in Figure 2(a). 
In Alternative 1, a set of PHICH resources is allocated, and UL-carrier specific PHICH resource offsets are semi-statically configured. Figure 3 shows an example PHICH mapping with Alternative 1. In the example, the PHICH resource offsets for UL CCC1 and UL CCC2 are 0 and 12. Thus, if the lowest PRB indices in UL CCC1 and UL CCC2 are 1 and 2, and the DMRS CS is 2 in the uplink grant, the assigned PHICH resources are 11 and 24. For this approach, we may need to assign a large number of PHICH resources (e.g., 
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). The PHICH resource offsets can be implicitly determined based on the number of UL CCCs. This implicit way of providing offsets can be viewed similar to the PHICH numbering scheme introduced in [3].
As a variation of Alternative 1, we may assign PHICH resources of UL CCC2 only in the lower half of the available PHICH resources, by letting the PHICH resource of UL CCC2 wrap around within the box as we increase the DMRS CS. For example, if the lowest PRB index in UL CCC2 is 15, and the DMRS CS is 2 in the uplink grant, the assigned PHICH resource is 21. The benefit of this variation is that the PHICH resources associated with UL CCC2 is contained in the bottom part of the PHICH resource grid, and therefore reducing the complexity of scheduling arrangements. 
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Figure 3 Example PHICH mapping with Alternative 1
On the other hand, in Alternative 2, as illustrated in Figure 4, we separately assign a set of PHICH resources for UL CCC2, just as in Rel-8 TDD (9.1.2 in [4]), where only LTE-A UEs can access these new PHICH resources. For backward compatibility, we use some CCE resources for assigning these new sets of PHICH resources. This way, LTE UEs’s PHICH only reside in the left set, and the LTE UEs treat these CCEs assigned for UL CCC2’s PHICH as normal PDCCH CCEs, and any blind decoding attempt including these CCEs will result in decoding failure. LTE-A UEs, on the other hand, are informed of the CCE indices in which the PHICH resources for UL CCC2 are contained.  In addition, LTE-A UEs are able to access both sets of the PHICH resources depending on the location of the UL transmission. If the UL transmissions is located in the UL CCC1, it accesses the set of PHICH resources shared by LTE and LTE-A UEs, and if located in UL CCC2, it access the new set of PHICH resources defined only for LTE-A UEs.
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Figure 4 Example PHICH mapping with Alternative 2
3 Summary
In this contribution, we have considered two alternatives of PHICH mapping rules for an LTE-A system where multiple UL carriers are aggregated with only one DL carrier. 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. 
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