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1 Introduction
In LTE TDD-FDD Joint Operation including Carrier Aggregation Work Item, TDD-FDD CA is supported by aggregating cells operating in different duplex mode, i.e., TDD and FDD. In RAN1, it was agreed to support TDD-FDD CA with FDD PCell while TDD-FDD CA with TDD PCell is still under discussion. In addition, it was agreed to focus on TDD-FDD CA assuming full-duplex UE in Rel-12, not precluding half-duplex UE though. 
In this contribution, we have looked into the impact of TDD-FDD CA on MAC specification, which is mainly on PDCCH monitoring behaviour for DRX operation. 
2 Discussion
In this contribution, we will only consider full-duplex operation because TDD-FDD CA is based on full-duplex operation in Rel-12. 
In the past, to support different TDD UL/DL configuration of multiple serving cells, we have modified PDCCH-subframe definition. At that time, there were several options for the definition of PDCCH-subframe because PDCCH-subframe is closely related to scheduling opportunity as well as power saving. After intensive discussion, RAN2 went for a simple approach, i.e., union approach, and decided that PDCCH-subframe is defined per UE. 
Similar to different TDD UL/DL configuration, when the UE is configured with multiple serving cells operating in different duplex mode, i.e., TDD and FDD, we think the impacted MAC operations would be limited to PDCCH monitoring and DRX timer counting in DRX operation. For DRX operation, we listed below the possible PDCCH-subframe definitions for TDD-FDD CA UE. As RAN1 is still on progress whether to support TDD PCell case or not, we consider FDD PCell and TDD PCell cases separately. 
1. PCell is FDD

If PCell is FDD, the UE can receive PDCCH in any subframe. Since PDCCH-subframe refers a subframe where the UE can receive PDCCH, it is straightforward that PDCCH-subframe represents any subframe in this case. 
For a TDD serving cell, if a PDCCH-subframe is uplink subframe, the UE cannot receive PDCCH on that serving cell in the subframe. However, it is not a problem because the same problem already exists in different TDD CA case.

Proposal 1: For TDD-FDD CA, if PCell is FDD, PDCCH-subframe represents any subframe.
2. PCell is TDD

If the PCell is TDD, there can be several options depending on whether there is at least one FDD scheduling serving cell or not. 

In case there is at least one FDD scheduling serving cell, the UE can receive PDCCH in any subframe. Thus, it is quite obvious that PDCCH-subframe represents any subframe.

Proposal 2: For TDD-FDD CA, if PCell is TDD, PDCCH-subframe represents any subframe in case there is at least one FDD scheduling serving cell.
In case there is no FDD scheduling serving cell, there can be two options:

· Option 1. Follow PCell
· PDCCH-subframe represents downlink subframes and subframes including DwPTS of PCell.

· Option 2. Follow the union of TDD scheduling serving cells. 

· PDCCH-subframe represents union of downlink subframes and subframes including DwPTS of all TDD scheduling serving cells.

TDD-FDD CA with no FDD scheduling serving cell is almost the same as different TDD CA case because all scheduled serving cell is scheduled via TDD scheduling serving cell. As we already defined PDCCH-subframe based on union approach for different TDD CA operation, we think we can apply the same union approach, i.e., Option 2, for TDD-FDD CA case.
Proposal 3: For TDD-FDD CA, if PCell is TDD, PDCCH-subframe represents the union of downlink subframes and subframes of all TDD scheduling serving cell in case there is no FDD scheduling serving cell.
A related CR is provided in [1]. 

3 Conclusion
In this contribution, we have discussed PDCCH-subframe definition for TDD-FDD CA operation and propose followings: 
Proposal 1: For TDD-FDD CA, if PCell is FDD, PDCCH-subframe represents any subframe..
Proposal 2: For TDD-FDD CA, if PCell is TDD, PDCCH-subframe represents any subframe in case there is at least one FDD scheduling serving cell.

Proposal 3: For TDD-FDD CA, if PCell is TDD, PDCCH-subframe represents the union of downlink subframes and subframes of all TDD scheduling serving cell in case there is no FDD scheduling serving cell.
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