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1 Introduction 
Supporting of bandwidth extension in LTE-Advanced has been discussed in previous RAN1 meetings and a few agreements [1] on the general principle of carrier aggregation have been reached. In TDD, the same number of DL and UL component carriers (CC) is assumed. On the other hand, in FDD, different numbers of downlink and uplink component carriers (shown in figure 1) with possibly different transmission bandwidths can be aggregated. 
Asymmetric DL/UL component carrier aggregation can be cell-specific or UE-specific. In the former case, the number of DL/UL component carriers is different from a system perspective. In the later case, the supportable number of DL/UL component carriers is different from a UE perspective, even though the number of DL/UL component carriers in the system is the same. In this contribution, we discuss several issues with the cell-specific asymmetric carrier aggregation for LTE-A FDD.
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Figure 1: Cell-specific asymmetric carrier aggregation scenarios for FDD
2 Discussion

Several issues related to cell-specific asymmetric carrier aggregation have been raised. In this section we discuss them separately.
2.1 Backward compatibility with R8
Backward compatibility with R8 is regarded as an important aspect in the design of LTE-A. It is agreed that every component carrier can be configured accessible to R8 UEs at least in the symmetric carrier aggregation case [1]. In addition, other LTE-A features, such as relay, are designed for R8 backward compatibility. Therefore, it is desirable that R8 backward capability can be maintained with asymmetric carrier aggregation as well. On the other hand, RAN4 has agreed that R8 UE only supports a fixed TX and RX frequency separation and flexible TX-RX separations may be developed in future release [5]. This problem has also been pointed out in [6][7]. As shown in Fig. 2, DL CC1 and CC3 in Case1 and UL CC2 in Case2 are not R8 compatible, since they do not have the default TX-RX frequency separation with respect to the corresponding UL/DL CC. Thus, these CCs are not accessible to R8 UEs. Without further input from RAN4, RAN1 and RAN2 may proceed with one of the following two options for the design of those CCs without the default TX-RX frequency separation:
· Option 1: Each CC is assumed to be backward compatible and no special design is considered for non-backward compatible CC.
· Option 2: Some CCs can be non-backward compatible and special design can be applied within those CCs.
It is desirable to take early decisions on one of the above options, for the sake of LTE-A study/work item progress.
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Figure 2: Backward compatibility for asymmetric carrier aggregation

2.2 PDCCH Alternatives
According to the conclusion from RAN1#56bis, there still remains three PDCCH design alternatives [8-10]. 
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Figure 3: Three PDCCH alternatives for LTE-A

PDCCH alternative 1 stands out for its simplicity and maximum backward compatibility with R8. However, alternative 1 cannot work in the case where more UL CCs than DL CCs exist. As shown in Fig. 4, the additional UL CC cannot be scheduled with PDCCH alternative 1, since there lacks a corresponding DL CC. Although such a scenario of more UL CCs than DL is not considered of high priority in RAN4, it is not precluded either. RAN1 can proceed with one of the following two options:
· Option1: Preclude the case of more UL CCs than DL CCs and don’t consider it when choosing PDCCH alternatives.
· Option2: Target for a unified solution for all possible aggregation scenarios. For example, PDCCH alternative 1 is adopted as the baseline while PDCCH alternative 2 or 3 is taken as a complementary approach when more UL CCs than DL CCs are aggregated.
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Figure 4: More UL CCs than DL CCs are aggregated in the cell
In summary, scenarios of asymmetric carrier aggregation shall be considered when choosing PDCCH alternatives.
2.3 PHICH alternatives
In case of asymmetric carrier aggregation, issues with PHICH linkage and allocation may arise and a few contributions [13] – [17] have already discussed this. A simple solution is to build a 1-to-1 mapping, maximally reusing the R8 PHICH design. However, as shown in Fig. 5, when more UL CCs than DL CCs are aggregated, the R8 1-to-1 mapping scheme cannot be directly applied for PHICH design in LTE-A. Therefore, similar to the choice of PDCCH alternatives, the PHICH design in LTE-A shall consider the scenarios of asymmetric carrier aggregation.
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Figure 5: More UL CCs than DL CCs are aggregated in the cell

2.4 Initial Random Access Procedure
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Figure 6: Ambiguity during initial random access procedure in asymmetric carrier aggregation
For the case of asymmetric DL/UL carrier aggregations, another issue has been identified on PRACH [18] – [24]. With more DL CCs than UL CCs, an ambiguity exists for eNB to determine which DL CC a UE camps on during the initial random access procedure. In other words, when a UE transmits a preamble on the UL CC during the initial random access procedure, eNB could not tell which DL CC the UE has performed cell search and camped on. Different approaches to solve this issue have been summarized in [24], e.g. via physical layer or higher layer procedures. Which method to adopt and its details need further study.
3 Conclusions
In this contribution, several issues related to cell-specific asymmetric carrier aggregation in FDD are studied. It is proposed to consider these issues for the discussion on carrier aggregation.
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