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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 general principles on carrier aggregation have been reached. In FDD deployment, different numbers of downlink and uplink component carriers (shown in figure 1) with possible different transmission bandwidth can be aggregated in the realistic deployment. However, due to the lack of demand and in order to keep basic properties of TDD [2], this kind of ‘cell-specific’ asymmetric carrier aggregation is not applied for TDD.
The contribution discusses some issues with ‘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 pointed out in a lot of RAN1 contributions and in this section we discuss them separately.
2.1 Backward compatibility with R8
Backward compatibility with R8 is regarded as an important aspect during LTE-A system designing. It is agreed that every component carrier can be configured accessible to R8 UEs at least in symmetric carrier aggregation cases [1].. Based on this basic principle, in addition to carrier aggregation, way forward for RS design for LTE-A [3] and relay functionality[4], etc. have been worked out with maintained backward compatibility. Thus even in case of asymmetric carrier aggregation, maximal backward compatibility is also expected. However, RAN4 has agreed that R8 UE only supports fixed TX and RX frequency separation and flexible TX-RX separation is to be developed in future release [5] although RAN1 and RAN2 specifications have been ready for this. This problem has also been pointed out by [6][7]. As shown in Fig. 2, DL CC 1 and 3 in case one and UL CC2 in case 2 are R8 non-compatible CC for they don’t locate on the default TX-RX separation frequency related to the single UL CC. Thus these CCs actually cannot be accessible to R8 UEs. In addition, since only one UL carrier frequency is broadcast in the cell for R8, UL CC2 in case 2 of figure 2 cannot be used by R8 UEs There seems to be two options which determine how the system designs on these CCs eventually:
· Option 1: RAN1 and RAN2 work for system design assuming each CC is backward compatible and no optimal design is considered for the possible existing non-backward compatible CC.
· Option 2: RAN1 and RAN2 work for system design for backward compatible CC and non-backward compatible CC separately, and some optimization on non-backward compatible CCs can be considered because of no much constrains from R8 specification on them.
Which option could be a way forward seems to be determined by the requirements from LTE-A system: If cell specific symmetric carrier aggregation is considered dominant in the deployment for LTE-A system then option 1 seems acceptable while considering the limited remaining time for LTE-A study item. Otherwise, if cell specific asymmetric carrier aggregation will be often deployed for LTE-A FDD then option 2 is reasonable since missing opportunities for optimal designs is not expected for such common deployment scenarios.
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Figure 2  Backward compatibility for asymmetric carrier aggregation

2.2 PDCCH Alternatives
Choice of PDCCH scheme is one of the hot issues for bandwidth extension topic. Mainly four alternatives for PDCCH are proposed (shown in figure 3) and discussed in [8-10], and no final decision is made until now. 
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Figure 3 Four PDCCH alternatives for LTE-A

PDCCH alternative 1 is recommended by most companies according to inputs in RAN1 on this topic [11] and it seems to be considered as a baseline for LTE-A because of its simplicity and best backward compatibility with R8 . However, alternative 1 cannot work in the case that more UL CCs than DL CCs are aggregated in the cell. As shown in Fig. 4, the additional UL CC cannot be scheduled using PDCCH alternative 1. Although such scenario of more UL CCs than DL is not considered with high priority in RAN4, it is not ruled out indeed. For RAN1, two ways regarding this could be:
· Option1: Preclude this kind of scenario with more UL CCs than DL CCs and don’t consider it when choosing PDCCH alternatives. Operators’ input at the current stage is needed if we go with this option.
· Option2: Make a unified solution for all possible aggregation scenarios. For example, PDCCH alternative 1 is adopted as baseline solution with PDCCH alternative 2 or 3 as a complementarily 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
As a conclusion, 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 some contributions are discussing this [13-17]. A simple solution is to build one-to-one mapping as much as possible to reuse R8 design for PHICH. However, as shown in Fig. 5, when more UL CCs than DL CCs are aggregated one-to-one mapping principle cannot be maintained for PHICH allocation and some solutions proposed in [13-17] could be studied and work on specification is required if we need such carrier aggregation scenario.
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Figure 5 More UL CCs than DL CCs are aggregated in the cell

Similar to PDCCH alternative choosing, scenarios of asymmetric carrier aggregation shall be considered when designing PHICH linkage and allocation methods in LTE-A.
2.4 Initial Random Access Procedure
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Figure 6 Ambiguity during initial random access procedure in asymmetric carrier aggregation
Several contributions [18-24] are discussing an ambiguity for eNB to determine the DL CC which UE camps on during initial random access procedure in case of cell specific asymmetric carrier aggregation. As shown in Fig. 6, when a UE transmits preamble on the UL CC during the initial random access, eNB could not know on which DL CC the UE did cell search and camped on. [24] summarized and compared different methods to solve such ambiguity via physical layer process or higher layer process. Which methods to solve such ambiguity should be applied and its details need further study.
3 Conclusion
In this contribution, several issues related to cell-specific asymmetric aggregation in FDD are studied. It is proposed to take these issues under discussion in CA category.
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