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1 Introduction

In the RAN1#74bis meeting, the following issues were highlighted for further clarification for TDD-FDD carrier aggregation (CA) and some are still unresolved [1]:

· How many CCs are supported?

· How to support or whether or not to support Tx/RX separation?
· Whether or not to support half-duplex?

· Which minimum UE capability should be assumed?

· Whether or not cross-carrier scheduling is supported?
· Whether or not to support PUCCH on Pcell or Scell?
· How to support HARQ/scheduling?

· DL self-carrier scheduling

· UL self-carrier scheduling

· DL cross-carrier scheduling (if supported)

· UL cross-carrier scheduling (if supported)
The first three issues were discussed during the meeting and agreements were achieved [1]. The remaining issues still need further discussion. Whether or not to support PUCCH on SCell is presented in a companion contribution [2]. As discussed in [2], at least PUCCH transmitted only on the PCell is supported for TDD-FDD CA. This contribution discusses how to support HARQ/scheduling with the assumption that PUCCH is transmitted on the PCell being an FDD serving cell, and whether cross-carrier scheduling should be supported. The details for the case that PUCCH is transmitted on the PCell being a TDD serving cell are presented in a companion contribution [3]. In addition, this contribution mainly focuses on UEs supporting simultaneous transmission and reception. Details of TDD-FDD CA with UEs not supporting simultaneous transmission and reception are presented in a companion contribution [4].   
2 HARQ timing and transmission
As for inter-band TDD CA in Rel-11, the HARQ timing for the PCell should always follow its own HARQ timing (i.e., the existing Rel-11 FDD DL and UL HARQ timing), no matter whether cross-carrier scheduling is configured or not.   
Proposal 1: The PCell always follows its own HARQ timing.
2.1 Self-carrier scheduling
DL HARQ timing for the SCell(s)
In Rel-10/11 CA, a fundamental difference between FDD CA and TDD CA is that there is no form of HARQ-ACK bundling for FDD CA (with the exception of ACK/NACK transmission on the SR resource). TDD CA, on the other hand, relies on significant amount of bundling (e.g., spatial- and/or time domain bundling) when the bundling window size M>1. 
For TDD-FDD CA, if PUCCH is transmitted only on the PCell and the PCell is an FDD serving cell, it is desirable that the DL HARQ timing of the PCell is used for the SCells, which will result in a payload of at most 2 HARQ-ACK bits from the FDD serving cell and 2 HARQ-ACK bits from the TDD serving cell in an UL subframe. Therefore, HARQ-ACK bundling is not needed and the existing FDD HARQ feedback mechanisms can be reused. Thus, it can reduce the amount of bundling on the TDD serving cell and thereby obtain additional throughput gains on the TDD SCell compared to if TDD-FDD CA was not configured. Moreover, further improvements are also foreseen, e.g., reduced round trip time (RTT) delay for the TDD serving cells and improved load balancing among the UL subframes for HARQ-ACK feedback.
Proposal 2: The DL HARQ timing of the PCell is used for the SCells in case of self-carrier scheduling. 
Based on the above discussion, we can see that the DL HARQ timing for a TDD SCell can follow the DL HARQ timing of an FDD serving cell and use corresponding HARQ feedback mechanisms. Thus the HARQ process number field in the DL DCI format for the TDD SCell does not need to be 4 bits and thereto the DAI field is not needed.

Observation: Further study is needed for the DCI format for the TDD SCells, including size of the HARQ process number field and the DAI field. 
UL HARQ timing for the SCell(s)

For self-carrier scheduling, each serving cell should perform PUSCH and PHICH transmissions based on its own HARQ timing, no matter whether the PCell is FDD or TDD. Thus there is no need to change the UL HARQ timing.
Proposal 3: The UL HARQ timing for an SCell should follow its own timing in case of self-carrier scheduling. 
2.2 Cross-carrier scheduling 
Cross-carrier scheduling is supported in Rel-10/11 CA. One main motivation is to mitigate interference between control channels in heterogeneous network (HetNet) scenario. TDD-FDD CA will likely be widely deployed in a heterogeneous network scenario, thus cross-carrier scheduling should continue to be supported and should apply when carrier aggregation is performed between a TDD cell and an FDD cell.   
DL HARQ timing for the scheduled serving cell
If the scheduling serving cell (e.g., PCell) is FDD and the scheduled serving cell (e.g., SCell) is TDD, DL subframes are always available on the scheduling serving cell in every TTI, thus PDSCH can be scheduled in all the DL subframes on the scheduled TDD serving cell. If HARQ-ACK is only transmitted on the PCell and the PCell is an FDD serving cell, the DL HARQ timing of an FDD serving cell can be considered for the scheduled TDD serving cell and all the benefits discussed in Sec. 2.1 for the case without cross-carrier scheduling are obtained here as well.    
UL HARQ timing for the scheduled serving cell
If the scheduling serving cell (e.g., PCell) is FDD and the scheduled serving cell (e.g., SCell) is TDD, DL subframes are always available on the scheduling serving cell in every TTI, thus PUSCH can be scheduled in all the UL subframes on the scheduled TDD serving cell. Considering that the UL HARQ protocol is synchronous, it needs to be assured that PUSCH retransmissions occur only in UL subframes on the scheduled TDD serving cell, implying that only the UL HARQ timing for the scheduled TDD serving cell can be used, unless new UL HARQ timing is introduced.  
Proposal 4: Cross-carrier scheduling should be supported for TDD-FDD CA. 
· If the scheduling serving cell is FDD and the scheduled serving cell is TDD, 
· The DL HARQ timing of the FDD serving cell is used for the scheduled TDD serving cell.
· The UL HARQ timing of the TDD scheduled serving cell is maintained. 
Cross-carrier scheduling from a TDD serving cell
If the number of aggregated serving cells is larger than two and there is more than one FDD serving cell, it is also possible that an FDD SCell is cross-carrier scheduled by a TDD SCell even if the PCell is an FDD serving cell. In this case, either cross-subframe scheduling or scheduling restriction can be considered as discussed in [3] for the case that the PCell is TDD.  
2.3 Joint HARQ-ACK and SR transmission

If the UE is configured with PUCCH format 1b with channel selection, a positive scheduling request (SR) can be jointly transmitted with HARQ-ACK using PUCCH format 1b on the configured SR resource. This limits the payload to 2 HARQ-ACK bits. If the DL HARQ timing of the PCell is used for the TDD SCell, some UL subframes of the PCell will be defined to carry feedback only for the PCell (i.e., up to 2 HARQ-ACK bits), while other UL subframes in the PCell will be defined to carry feedback for both the PCell and the SCell (i.e., up to 4 HARQ-ACK bits). In the latter case, spatial bundling should be applied, resulting in 1 HARQ-ACK bit per serving cell. In the former case, spatial bundling does not need to be applied and up to 2 HARQ-ACK bits could be transmitted for the PCell.
Proposal 5: For joint HARQ-ACK and SR transmission using PUCCH format 1b, spatial bundling is performed only on subframes defined for HARQ-ACK transmission for both the PCell and the SCell. 
3 Conclusion

The contribution discusses whether or not cross-carrier scheduling is supported and how to support HARQ/scheduling with the assumption that PUCCH is transmitted on PCell being an FDD serving cell. Based on the discussion in Sec. 2, we have the following proposals if PUCCH is only transmitted on the PCell and the PCell is an FDD serving cell:
Proposal 1: The PCell always follows its own HARQ timing.
Proposal 2: The DL HARQ timing of the PCell is used for the SCells in case of self-carrier scheduling. 
Proposal 3: The UL HARQ timing for an SCell should follow its own timing in case of self-carrier scheduling. 
Proposal 4: Cross-carrier scheduling should be supported for TDD-FDD CA. 
· If the scheduling serving cell is FDD and the scheduled serving cell is TDD, 
· The DL HARQ timing of the FDD serving cell is used for the scheduled TDD serving cell.
· The UL HARQ timing of the TDD scheduled serving cell is maintained. 
Proposal 5: For joint HARQ-ACK and SR transmission using PUCCH format 1b, spatial bundling is performed only on subframes defined for HARQ-ACK transmission for both the PCell and the SCell. 
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