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1. Introduction

RAN1 has been specifying TDD-FDD CA (carrier aggregation) for LTE Rel-12. In RAN1#75, the following aspects were agreed for TDD-FDD CA operation [1].

	· 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

· FFS: TDM switching between Pcell and Scell PUCCH
· For the case of PUCCH transmission on PCell only:
· For PDSCH/PUSCH transmitted on PCell, scheduling/HARQ timing follows existing PCell timing regardless whether PCell is TDD or FDD carrier
· For PUSCH transmitted on SCell with self-scheduling, scheduling/HARQ timing follows existing Scell timing regardless whether SCell is TDD or FDD
· When Pcell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on Scell with self-scheduling, HARQ timing follows Pcell timing


In addition, further details on HARQ timing for TDD-FDD CA are under discussion on RAN1 email reflector [2]. Especially for HARQ timing for cross-carrier scheduling between TDD cell and FDD cell, there are several alternatives under discussion on RAN1 email reflector. In this paper, we discuss HARQ timing alternatives for cross-carrier scheduling for TDD-FDD CA.

2. DL HARQ timing with cross carrier scheduling
2.1. FDD PCell and TDD SCell

When a UE is configured with FDD PCell and TDD SCell, DL HARQ timing for the TDD SCell for the cross-carrier scheduling case seems to be agreed to follow FDD PCell in the RAN1 email discussion.
2.2. TDD PCell and FDD SCell

When a UE is configured with TDD PCell and FDD SCell, DL HARQ timing for the FDD SCell for the cross-carrier scheduling case is still under email discussion. There seems to be two main alternatives for this case.
· DL-A) FDD SCell follows DL HARQ timing of TDD PCell
This alternative leads to a simplest specification, where only the FDD SCell’s subframes aligned with TDD PCell’s DL subframes can be used for the cross-carrier scheduling case.
· DL-B) FDD SCell follows the DL HARQ timing to be agreed in self-carrier scheduling case

This alternative allows the possibility that FDD SCell’s subframes not aligned with TDD PCell’s DL subframes can be used for the cross-carrier scheduling case, especially when the FDD SCell is scheduled by another SCell. However, if DL HARQ timing option 2c is to be introduced for self-carrier scheduling case [3], it should be clarified that FDD SCell’s HARQ timing should follow TDD PCell’s one if the TDD PCell is the scheduling cell, to avoid implicit PUCCH resource collision as discussed in RAN1 email reflector.
Since there is trade off between alternatives DL-A and DL-B regarding simplicity and better DL resource utilization in case of more than 2 cells aggregation, we are open to the further discussion on those two options. 
3. UL HARQ timing with cross carrier scheduling
3.1. FDD scheduling cell and TDD scheduled cell

When a UE is configured with FDD scheduling cell and TDD scheduled cell, UL HARQ timing for the TDD scheduled cell for the cross-carrier scheduling case seems to be agreed to follow TDD scheduled cell’s own UL HARQ timing in the RAN1 email discussion.

3.2. TDD scheduling cell and FDD scheduled cell

When a UE is configured with TDD scheduling cell and FDD scheduled cell, UL HARQ timing for the FDD scheduled cell for the cross-carrier scheduling case is still under email discussion. There seems to be mainly two main alternatives for this case.

· UL-A2) FDD scheduled cell follows UL HARQ timing of TDD scheduling cell

This alternative leads to a simplest specification, where only the FDD SCell’s subframes aligned with TDD PCell’s UL subframes can be used for the cross-carrier scheduling case.

· UL-B2) PUSCH on FDD cell is transmitted 4 subframes after scheduling. PHICH on TDD cell is transmitted 6 subframes after PUSCH transmission.
This alternative allows utilizing same number of FDD scheduled cell’s subframes as the number of TDD scheduling cells DL subframes, with reduced RTT compared with the alternative UL-A2. 

Since RTT for PUSCH is not optimized for the FDD scheduling cell case, reduced RTT cannot be a motivation for introducing the alternative UL-B2 for the TDD scheduling cell case either. Regarding subframe utilization on FDD cell’s UL carrier, alternative UL-B2’s subframe utilization is better than UL-A2’s one for some cases but worse or equal to UL-A2’s one in other cases. In addition, considering that UL-B2 requires PHICH-less operation, which is not the case with UL-A2, alternative UL-A2 is preferable.
Suggestion : For the case of TDD scheduling cell and FDD scheduled cell, UL HARQ timing for the FDD scheduled cell follows that of TDD scheduling cell.

4. Conclusion
In this paper, we discussed HARQ timing alternatives for cross-carrier scheduling for TDD-FDD CA. 
For the case of TDD PCell and FDD SCell, we are open to the discussion on the DL HARQ timing of FDD SCell among the two alternatives, DL-A and DL-B for the cross-carrier scheduling case.

For the case of TDD scheduling cell and FDD scheduled cell, we suggest the following.

Suggestion : For the case of TDD scheduling cell and FDD scheduled cell, UL HARQ timing for the FDD scheduled cell follows that of TDD scheduling cell.
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