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1 Introduction
In RAN1#60, it was discussed details of the linkage between PDSCH/PUSCH CC and PDCCH CC in case of cross carrier operation [1]. The conclusion was as follows: 
· Linkage between PDSCH/PUSCH and PDCCH 
· Further discussion required on whether at least the following is supported:

· A UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC 

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier

· Further discussion required until RAN1#60bis on whether this can be extended to support modified Option 1 from R1-101661.
· Include in email discussion whether or not Option 2 is excluded. 

· Consider:

· benefits/costs of extending option 1 – primarily scheduling flexibility / blocking versus complexity

· scenarios applicable for schemes beyond option 1. 

This contribution provides our view on linkage between the PDSCH/PUSCH CC and the PDCCH CC. 
2 Discussion
In RAN1#60, option 1 and modified option 1 were intensively discussed but not concluded. Each scheme is explained in the following. 
Option 1: 

· Each PDSCH/PUSCH CC can be scheduled only from a single DL CC, i.e. the UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC 
· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier
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Figure 1: single PDCCH CC per PDSCH/PUSCH CC (option 1)
Note that Figure 1 is an example in case of separate search space for different PDSCH CCs. Separate search space or same search space for different PDSCH CCs should be separately discussed. 

Modified option 1:
· For each PDSCH/PUSCH CC, eNB configures a single CC to primarily carry the corresponding PDCCH.
· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier. 
· For each PDSCH/PUSCH CC, PDCCH on the DL carrier with CIF where the UE monitors PDCCH (other than the configured single CC) shall be able to schedule the PDSCH/PUSCH only if the same DCI payload size is applied.
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Figure 2: multiple PDCCH CCs per PDSCH/PUSCH CC only if the DCI size is same (modified option 1)
The PDCCH blocking rate is similar for both cases since total search space size is same for both cases. Potential merit of modified option 1 is dynamic change of the CC in which PDCCH is sent for a UE. However, we don’t recognize the need of such dynamic change. Therefore, we prefer option 1. 
On the other hand, the complexity impact of modified option 1 may be small. One concern is the handling of duplicate PDCCH detections for the same CC due to false PDCCH detections for the following UE implementation:

The PDCCH decoding is implemented by a parallel design with one decoding unit per CC (e.g. supporting up to 44/60 BDs). The number of PDCCH decoding units implemented depends on the number of supported CCs by the UE. For such an UE implementation, multiple PDCCHs which assign the same CC may be detected from multiple decoding units. In case of an duplicate PDCCH detection a UE may be required to perform a reliability comparison between the detected PDCCHs e.g. using the path metric. This requires interaction between the PDCCH decoding units, which causes additional UE complexity. Therefore, if modified option 1 will be supported, the UE behavior of false PDCCH detection should be left for UE implementation. 
The mapping between the PDCCH CC and the PDSCH/PUSCH CC shall be indicated via RRC signaling when a CC is configured. Therefore, it is not necessary to explicitly configure a PDCCH monitoring set. Figure 3(a)(b) show examples of such a configuration. In Figure 3(a) DL CC1 is configured as the PDCCH CCs for PDSCH CC1, 2 and 3. In this case, PDCCH monitoring CC is only CC1. On the other hand, in Figure 3(b), DL CC1 is configured as the PDCCH CC for PDSCH CC1 and DL CC2 is configured as the PDCCH CC for PDSCH CC2 and 3. In this case, PDCCH monitoring CCs are CC1 and CC2. Naturally, the configured PDCCH apply to the respective linked UL CCs.
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(a) 1 PDCCH monitoring CC                          (b) 2 PDCCH monitoring CCs
Figure 3: Configuration example
3 Conclusion

In this contribution, we discussed the linkage between PDSCH/PUSCH CC and PDCCH CC, i.e. option 1 and modified option 1. Although we see a potential merit of dynamic change of the CC in which PDCCH is sent for a UE in modified option 1, we don’t see a strong need of such flexibility. Therefore, we prefer option 1. 
Also we pointed out the potential impact of modified option 1 on the handling of false PDCCH detection depending on the UE implementation. If modified option 1 will be supported, the UE behavior of false PDCCH detection should be left for UE implementation. 
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