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1 Introduction

In the RAN1#74 meeting, TDD-FDD joint operation was discussed and it was concluded that the number of carriers (and what combinations of FDD/TDD carriers) to be supported for TDD-FDD joint operation needs to be clarified [1]. In the RAN1#74bis meeting, it was agreed that the maximum supported number of aggregated component carriers is 5 for TDD-FDD CA [2]. However, the combinations of FDD/TDD carriers still need further clarification. In the RAN1#75 meeting, PUCCH transmission for TDD-FDD CA was discussed and the following conclusions were agreed [3]:

· For TDD-FDD carrier aggregation, at least PUCCH on PCell-only is supported as in Rel-10/11 carrier aggregation, regardless of whether or not UE is configured with UL-CA

· Discuss further whether or not to additionally support PUCCH on SCell
· For the case of PUCCH transmission on PCell only:

· When PCell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on SCell with self-scheduling, HARQ timing follows Pcell timing
This contribution discusses the restriction on the combinations of FDD/TDD serving cells for TDD-FDD CA.  
2 Discussion 
In Rel-10/11 CA, it is configurable whether to use PUCCH format 1b with channel selection or PUCCH format 3 for HARQ-ACK feedback. PUCCH format 3 can support up to 5 serving cells and up to 20 HARQ-ACK feedback bits. HARQ-ACK spatial bundling is used if the number of HARQ-ACK bits is larger than 20 bits, and PUCCH format 3 cannot support the aggregation if the number of HARQ-ACK bits after spatial bundling is still more than 20 bits. PUCCH format 1b can support up to 2 serving cells and the tables for channel selection can only support up to 4 DL subframes for a corresponding UL subframe. Thus, there are restrictions for TDD [4]:   

· For TDD if a UE is configured with more than one serving cell and if at least two serving cells have different UL/DL configurations and if the DL-reference UL/DL configuration for at least one serving cell is TDD UL/DL Configuration 5, then the UE is not expected to be configured with more than two serving cells.
· If a UE is configured with more than one serving cell and the TDD UL/DL configurations of all serving cells are the same, TDD UL/DL configuration 5 with PUCCH format 3 is only supported for up to two configured serving cells.
· If a UE is configured with two serving cells and the TDD UL/DL configuration of the two serving cells is the same, TDD UL/DL configuration 5 with PUCCH format 1b with channel selection for two configured serving cells is not supported.
· If a UE is configured with two serving cells and if the TDD UL/DL configurations of the two serving cells are not the same and if the DL-reference UL/DL configuration of at least one serving cell is TDD UL/DL Configuration 5, PUCCH format 1b with channel selection is not supported.
For TDD-FDD CA, as discussed in [5], both PUCCH format 1b with channel selection and PUCCH format 3 should be supported. From RAN1 perspective, as in Rel-10/11 CA, the possible combinations of FDD/TDD serving cells may also depend on the HARQ-ACK feedback scheme and the restrictions of PUCCH format 3 and PUCCH format 1b with channel selection. As agreed in the RAN1#75 meeting [3], at least PUCCH only transmitted on the PCell is supported for TDD-FDD CA. Thus the following discussion will mainly provide the proposals for the case that PUCCH is only transmitted on the PCell. As to PUCCH on SCell, it will be discussed in the WI for dual connectivity for LTE [6].  
Case 1: PUCCH is transmitted only on the PCell and the PCell is FDD   
As agreed in the RAN1#75 meeting [3], the HARQ-ACK timing of a FDD serving cell should be used for a TDD serving cell in this case, which will result in an aggregation similar as FDD CA in Rel-10/11. Thus up to 5 serving cells with any combination of FDD and TDD serving cells can be supported. 
Proposal 1: For PUCCH only transmitted on the FDD PCell, up to 5 serving cells with any combination of FDD and TDD serving cells should be supported. 
Case 2: PUCCH is transmitted only on the PCell and the PCell is TDD   
Since the PCell is TDD, then firstly the  Rel-10/11 TDD CA restriction below should still apply: 

· For TDD-FDD carrier aggregation, if the DL-reference UL/DL configuration or the TDD UL/DL configuration for the PCell is TDD UL/DL Configuration 5, then the UE is not expected to be configured with more than two serving cells.
As discussed in [7], a TDD similar HARQ-ACK timing will be used for an FDD SCell in this case, which will result in an aggregation similar as TDD CA in Rel-10/11.  Thus there will be some restrictions and it may also depend on the HARQ-ACK timing used for an FDD SCell. 
If the new HARQ-ACK timing given in Table 1 (Option 1a with Table 1) in [7] is used, when the TDD UL/DL configuration of the PCell is TDD UL/DL configuration 2 or 4, then there will be 5 DL subframes on the FDD serving cell corresponding to one UL subframe on the PCell, thus even when PUCCH format 3 is configured for HARQ-ACK feedback, up to 4 serving cells can be supported (e.g., 1 TDD serving cell giving 4 HARQ-ACK bits and 3 FDD serving cells giving 5 HARQ-ACK bits each). Thus, the additional restrictions are as below:

· If the DL-reference UL/DL configuration or the TDD UL/DL configuration for the PCell is TDD UL/DL configuration 2 or 4, then the UE is not expected to be configured with more than four serving cells.
If the HARQ-ACK timing given in Table 2 (Option 1a with Table 2) in [7] is used, when the TDD UL/DL configuration of the PCell is TDD UL/DL configuration 2, then there will be 5 DL subframes on the FDD SCell corresponding to one UL subframe on the PCell, thus even when PUCCH format 3 is configured for HARQ-ACK feedback, up to 4 serving cells can be supported (e.g., 1 TDD serving cell giving 4 HARQ-ACK bits and 3 FDD serving cells giving 5 HARQ-ACK bits each). When the TDD UL/DL configuration of the PCell is TDD UL/DL configuration 3 and 4, then there will be 6 DL subframes on the FDD SCell corresponding to one UL subframe on the PCell, thus even when PUCCH format 3 is configured for HARQ-ACK feedback, up to 3 serving cells can be supported (e.g., 1 TDD serving cell giving 4 HARQ-ACK bits and 2 FDD serving cells giving 6 HARQ-ACK bits each). Thus, the additional restrictions are as below:

· If the DL-reference UL/DL configuration or the TDD UL/DL configuration for the PCell is TDD UL/DL configuration 2, then the UE is not expected to be configured with more than four serving cells;
· If the DL-reference UL/DL configuration or the TDD UL/DL configuration for the PCell is TDD UL/DL configuration 3 or 4, then the UE is not expected to be configured with more than three serving cells.
If the HARQ-ACK timing (Option 1b) given in Table 3 and Table 4 in [7] is used, when the TDD UL/DL configuration of the PCell is TDD UL/DL configuration 0/1/2/3/4/6, then there will be 5 DL subframes on the FDD serving cell corresponding to one UL subframe on the PCell, thus similar as the case with Table 1, the additional restrictions are as below:

· If the DL-reference UL/DL configuration or the TDD UL/DL configuration for the PCell is TDD UL/DL configuration 0/1/2/3/4/6, then the UE is not expected to be configured with more than four serving cells.
If the HARQ-ACK timing given in Table 5 (Option 2c-B) or Table 6 (Option 2c-B1) or Table 7 (Option 2c-B2) in [7] is used, only up to 2 serving cells can be supported if the DL-reference UL/DL configuration for an FDD SCell is TDD UL/DL configuration 5 (e.g., 1 TDD serving cell giving 9 HARQ-ACK bits and 1 FDD serving cell giving 9 HARQ-ACK bits). Thus, the additional restrictions are as below:
· If the DL-reference UL/DL configuration for an FDD SCell is TDD UL/DL configuration 5, then the UE is not expected to be configured with more than two serving cells.
Since the HARQ-ACK timing for the FDD SCell is still open,  the additional restriction for PUCCH only transmitted on the TDD PCell is FFS.      
Proposal 2: For PUCCH only transmitted on the TDD PCell, if the DL-reference UL/DL configuration or the TDD UL/DL configuration for PCell is TDD UL/DL configuration 5, then the UE is not expected to be configured with more than two serving cells. Additional restrictions are FFS. 
3 Conclusion

This contribution discussed the restriction on the combinations of FDD/TDD serving cells for TDD-FDD CA. Based on the discussion, we have the following proposals:
Proposal 1: For PUCCH only transmitted on the FDD PCell, up to 5 serving cells with any combination of FDD and TDD serving cells should be supported. 

Proposal 2: For PUCCH only transmitted on the TDD PCell, if the DL-reference UL/DL configuration or the TDD UL/DL configuration for the PCell is TDD UL/DL configuration 5, then the UE is not expected to be configured with more than two serving cells. Additional restrictions are FFS.  
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