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1
Introduction

In LTE R8 FDD system, which is a single carrier system, DL and UL carrier are always paired, i.e. there is a one-to-one association/linkage between the DL and UL carrier. So we can say the linkage is bidirectional. The DL carrier carries not only carries PDCCH DL assignment as well as the corresponding PDSCH transmission, but also the PDCCH UL grant and ACK/NACK for the PUSCH transmission on the paired UL carrier. The UL carrier not only carries PUSCH, but also ACK/NACK and CQI for the PDSCH transmission on the paired DL carrier. In LTE-Advanced system with carrier aggregation, several component carriers are aggregated to provide higher peak data rate. In this contribution, the linkages between DL and UL CCs for data transmission and corresponding HARQ feedback are discussed in different scenarios. 
2
Background
In previous RAN1 meetings, several decisions have been made for bandwidth extension: 
For PDCCH, the following have been agreed in RAN1#57: 
· Separate coding of DL assignments and UL grants for each component carrier based on DCI format(s) for single carrier with an additional carrier indicator field of 0-3 bits

· In case of 0 bits, no carrier indicator
For CIF, the following have been agreed in RAN1#59: 
· Configuration for the presence of CIF is UE specific (i.e. not system-specific or cell-specific)

· CIF (if configured) is a fixed 3-bit field
For PUCCH, the following have been agreed in RAN1#58bis: 
· Rel10 design supports up to 5 DL CC

· Consider extendability to larger number of DL CC in the future

· All A/N for a UE can be transmitted on PUCCH in absence of PUSCH transmission

· Support mapping onto one UE specific UL CC

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Support for simultaneous A/N transmission on multiple UL CC is FFS

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Exact method for A/N resource allocation is FFS

· Do not optimize the A/N feedback for multiple DL  CC assuming large number of UEs being simultaneously scheduled on multiple DL CC 
· Consider performance and power control issues (CM, BER...) 

· One SR per UE transmitted on PUCCH

· Semi-statically mapped onto one UE specific UL CC

· Periodic CSI reporting for up to 5 DL CC supported

· Semi-statically mapped onto one UE specific UL CC

· Following Rel8 principles for CQI/PMI/RI

· Consider ways to reduce reporting overhead, e.g. DL CC cycling

· Consider ways to support extending CSI payload
From the above agreements made in RAN1, we can derive the following points: 
1. There will be two scheduling methods i.e. with cross-carrier scheduling or without cross-carrier scheduling.

2. The scheduling method to be used is semi-statically configured. 

3. SR and periodic CSI are semi-statically mapped onto one UE specific UL CC. 

4. All ACK/NACK for a UE can be mapped onto one UE specific UL CC. But simultaneous ACK/NACK transmission on multiple UL CCs has not been excluded yet. 

3
DL and UL Linkage
In our understanding, the linkage should be considered from DL and UL perspective separately. From DL perspective, the linkage from one DL CC transmitting data to the corresponding UL CC is determined by that on which CC carrying corresponding ACK/NACK. From UL perspective, the linkage from one UL CC transmitting data to the corresponding DL CC is determined by that on which CC PDCCH/PHICH carrying corresponding UL grant and ACK/NACK. In LTE-A, transmission on multiple CCs with symmetric or asymmetric DL/UL component carriers are both supported. The linkage between DL CCs and UL CCs need to be defined to enable proper layer 1 control signalling handling. If the DL/UL CCs are paired, the linkages are bidirectional. But if the DL/UL CCs are not paired, the linkages are unidirectional which can originate from either DL or UL. 
The linkage can be defined explicitly or implicitly depending on certain conditions, such as cross-carrier is enabled or not. In the following subsection, we discuss the possible configurations for DL and UL linkage and the impact to CC activation/deactivation.
3.1 Configuration without cross-carrier scheduling
Method A.1: A/N for DL transmission are mapped to one specific UL CC (UL CC#1)
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With this method, the unidirectional linkages from both DL and UL should be configured by higher layer. From DL perspective, all DL CCs are linked to one specific UL CC. From UL perspective, each UL CC is linked to one DL CC, and no two UL CCs are linked to same DL CC. If the separate CC activation/deactivation step is not introduced, all the linkages should be activated after CC configuration. If the separate CC activation/deactivation step is introduced, whenever the UL/DL CCs are activated, the linked DL/UL CCs should also be activated accordingly. If a DL CC is deactivated, e.g. DL#2, the linkage UL#2->DL#2 will be influenced. As there is no DL CC providing PDCCH/PHICH for UL#2, the UL transmission on UL#2 is impossible, so it is deactivated implicitly. If a UL CC is deactivated such as UL#2, the linked DL CC DL#2 may remain active since no DL transmission is influenced. So the DL/UL CC can be activated implicitly through the activation of the linked UL/DL CC. CC deactivation signalling can deactivate DL or UL CC, but may not deactivate a DL/UL pair in some scenarios as no specific DL/UL pair exists. 
Method A.2: A/N for DL transmission are mapped to multiple UL CCs
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With this method, the DL CCs are always paired with a UL CC according to the bidirectional linkage which should be configured by higher layer. If the separate CC activation/deactivation step is not introduced, all the linkages i.e. the DL/UL pairs should be activated after CC configuration. If separate CC activation/deactivation step is introduced, CC activation/deactivation signalling can only activate/deactivate a DL/UL pair, namely, whenever the UL/DL CCs are activated/deactivated, the paired DL/UL CCs are activated/deactivated accordingly.
Observation for configuration without cross-carrier scheduling:
1. The linkage from both DL and UL should be defined. 
2. If bidirectional linkages between DL and UL are configured, CC activation/deactivation signalling can only activate/deactivate a DL/UL pair. 
3. If unidirectional linkage from either DL or UL is configured, the DL/UL CC can be activated implicitly through the activation of the linked UL/DL CC. CC deactivation signalling can deactivate DL or UL CC, but may not deactivate a DL/UL pair in some scenarios as no specific DL/UL pair exists. 

3.2 Configuration with cross-carrier scheduling
Method B.1:  A/N for DL transmission are mapped to one specific UL CC (UL CC#1)
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With this method, all DL CCs are linked to one specific UL CC, while each UL CC can be linked to multiple DL CCs possibly carrying PDCCH allocation. If the separate CC activation/deactivation step is not introduced, all linkages should be activated after CC configuration. If the separate CC activation/deactivation step is introduced, the activation/deactivation of corresponding linked CC should be considered. 
Method B.2: A/N for DL transmission are mapped to multiple UL CCs
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With this method, the unidirectional linkages from DL should be configured by higher layer, while the linkage from UL may be defined with less usage, as multiple linkages from one UL CC to a configured set of DL CCs is possible. From DL perspective, each DL CC is linked to a UL CC, and no two DL CCs are linked to same UL CC, which transmits the A/N for the DL data transmission of the corresponding DL CC. If the separate CC activation/deactivation step is not introduced, all the linkages should be activated after CC configuration. If the separate CC activation/deactivation is introduced, and the DL CC such as DL#1is activated, the linked UL CC UL#1is definitely activated. If the DL CC such as DL#1 is deactivated, it doesn’t necessarily mean that linked UL CC UL#1is deactivated, as the corresponding PDCCH/PHICH of UL#1 could be carried by DL #2. If the UL CC such as UL#1 is activated, either DL#1 or DL#2 or both CCs should be activated in order to provide PDCCH/PHICH. If UL#1 is deactivated, the linkage DL#1->UL#1 will be influenced. DL transmission on DL#1 is impossible as the no UL CC will transmit the corresponding HARQ feedback. 
Observation for configuration with cross-carrier scheduling: 
1. The linkage from DL could be defined, while the linkage from UL may be defined with less usage, as multiple linkages from a UL CC to a configured set of DL CCs is possible. 
2. Although the linkages exist and the DL/UL CC can be activated/deactivated implicitly through the activation/deactivation of the linked UL/DL CC in certain scenarios, if the separate CC activation/deactivation step is introduced, the activation/deactivation of corresponding linked CC should be considered. 
In above analyses, we only consider the case with symmetric DL/UL carriers. As far as the case with asymmetric DL/UL carriers is concerned, the analysis is quite similar except that DL/UL CCs are unable to be paired. 
According to the analyses and observations mentioned above, we have following proposals:
Proposal 1: In the configuration without cross-carrier scheduling, the linkages between DL and UL CC should be defined. 

Proposal 2: In the configuration with cross-carrier scheduling, the linkage from DL could be defined, while the linkage from UL may be defined with less usage. 

Proposal 3: In case separate CC activation/deactivation step is introduced, the activation/deactivation of corresponding linked CC should be considered. 
4
Conclusion
In this contribution, we discuss the possible configuration for DL and UL linkage and the impact to CC activation/deactivation. In the case of symmetric DL/UL carriers, it is possible that each DL CC and UL CC are one-to-one paired just as R8, and the linkage between the DL CC and UL CC is bidirectional. But in some other cases such as asymmetric DL/UL carriers or cross-carrier scheduling, the linkage between DL CCs and UL CCs should be considered from both DL and UL perspective respectively. 
According to the analyses and observations mentioned above, we have following proposals:

Proposal 1: In the configuration without cross-carrier scheduling, the linkages between DL and UL CC should be defined. 

Proposal 2: In the configuration with cross-carrier scheduling, the linkage from DL could be defined, while the linkage from UL may be defined with less usage. 

Proposal 3: In case separate CC activation/deactivation step is introduced, the activation/deactivation of corresponding linked CC should be considered. 
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