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1. Introduction
According to the WID [1] for carrier aggregation, it was agreed to support UE-specific asymmetric number of component carriers in DL and UL. Based on the agreement, this contribution focuses on the DL/UL linkage, and discusses about the possible DL/UL CC linkage relationship, and the issues of CC linkage configuration. 
2. Discussion
2.1 Definition of DL/UL CC Linkage
The definition of DL and UL CC linkage is still not clear so far. In this contribution, we use the HARQ ACK/NACK feedback to define the linkage relationship. For example, as shown in Figure 1, we say that a DL CC#1 is linked to a UL CC#1, if the HARQ ACK/NACK for the DL data transmission on the DL CC#1 can be signalled on the PUCCH of the UL CC#1 (in absence of PUSCH transmission). Likewise, we say that a UL CC#2 is linked to a DL CC#2, which means the HARQ ACK/NACK for the data transmission on the UL CC#2 can be found in the PHICH of the DL CC#2.
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Figure 1: DL/UL CC Linkage Relationship
2.2 DL/UL CC Linkage Relationship

In the RAN#46 meeting, it has been agreed to support the scenario in which the number of component carriers configured to a UE may be asymmetric. For example, as illustrated in Figure 2(a), four CCs (i.e., DL CC#1, #2, and UL CC#1, #2) are controlled by an eNB. And the UE #1 is configured with 3 CCs (i.e., DL CC#1, UL CC#1, and UL CC#2). In this case, if we do not define the linkage relationship for DL CC#1, UE may not know on which UL CC it should reply the ACK/NACK feedback for a DL transmission. Alternatively, the eNB may reserve two PUCCH resources (each for one UL CC) for the UE to send ACK/NACK feedback, or the eNB may need to indicate the index of the UL CC whose PUCCH resource is reserved for UE to feedback ACK/NACK for each DL data transmission. Considering the implementation complexity and the efficiency of radio resource usage, we propose that a DL CC should be linked to one UL CC with PUCCH.
Proposal 1: The linkage relationship between DL and UL CCs is needed.
Proposal 2: Each DL CC needs to be linked to one UL CC with PUCCH.
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Figure 2: Asymmetric CC Configuration

On the other hand, another example for asymmetric CC configuration is illustrated in Figure 2(b), in which two DL CCs and one UL CC are configured to the UE#2. Since it was agreed in RAN1#58bis that “PHICH is transmitted only on the downlink component carrier that was used to transmit the UL grant” [2], it is easy for the UE to identify the target DL CC on which it can receive the HARQ ACK/NACK feedback. Thus, we may not need to explicitly signal the linkage relationship for a UL CC. A UL CC is linked to DL CCs, which can be used to assign UL grants for the UL CC.

Proposal 3: A UL CC is linked to DL CCs, which can assign UL grants for the UL CC.
2.3 DL/UL CC Linkage Configuration
When a new CC is configured to the UE, the linkage relationship regarding the CC should be defined. For example, as shown in Figure 3, when a new DL CC#2 is configured to the UE, new CC linkage relationship is defined to link the DL CC#2 to the UL CC#2. Further, if RAN2 agrees to adopt the RRC Connection Reconfiguration message to configure a CC, then the linkage relationship regarding the CC should also be defined through the RRC Connection Reconfiguration message. 
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Figure 3: CC Linkage Relationship Configuration

Proposal 4: CC linkage relationship can be configured via RRC Connection Reconfiguration message.
In some cases, the linkage relationship may be changed. For example, when a CC is deconfigured from the UE, the linkage relationship regarding the remaining CCs may be changed. As illustrated in Figure 4, when the UL CC#2 is deconfigured from the UE, the linkage relationship for the DL CC#2 is changed. The DL CC #2 should be changed to link to the UL CC#1.
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Figure 4: CC Linkage Relationship Configuration Change
Proposal 5: CC linkage relationship may be changed when a CC is deconfigured.
3. Conclusions
This contribution discusses the DL/UL CC linkage relationship, and proposes that 
Proposal 1: The linkage relationship between DL and UL CCs is needed.
Proposal 2: Each DL CC needs to be linked to one UL CC with PUCCH.
Proposal 3: A UL CC is linked to DL CCs, which can assign UL grants for the UL CC.
Proposal 4: CC linkage relationship can be configured via RRC Connection Reconfiguration message.
Proposal 5: CC linkage relationship may be changed when a CC is deconfigured.
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