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1 Introduction
In RAN #60, a new work item on LTE FDD-TDD joint operation was approved, and FDD-TDD CA supporting either TDD or FDD as PCell shall be introduced. In this contribution, we discuss the aspects that will impact the design of FDD-TDD CA.
2 Discussion

FDD-TDD CA can be applied at least for the following deployment scenarios a) co-located FDD and TDD serving cells (or equivalently eNBs), and b) non-co-located FDD and TDD serving cells with ideal backhaul. The main physical layer specification work for FDD-TDD CA includes:

· PDSCH HARQ timing on the FDD and TDD serving cells

· PUSCH HARQ timing on the FDD and TDD serving cells

· UCI transmission and UL power control related issues

The following aspects can affect the design of FDD-TDD CA:

· Whether FDD or TDD is used as PCell

The PDSCH and PUSCH HARQ timing for FDD as PCell is discussed in [1]. The PDSCH and PUSCH HARQ timing for TDD as PCell is discussed in [2] and [3] respectively. The discussion in [1] – [3] assumes the PUCCH can only be transmitted on PCell. In case PUCCH or PUSCH with UCI can be transmitted on the FDD and TDD serving cell in parallel as discussed in [4], then the design for FDD-TDD CA is mostly independent of whether FDD or TDD is used as PCell.
· Whether UE is capable of full duplex operation on the FDD and TDD serving cells
The frequency arrangement for the aggregated FDD and TDD serving cells can be such that a UE may not be able to support full duplex operation on the FDD and TDD serving cells. In other words, the UE may not be able to transmit on a FDD serving cell while receiving on a TDD serving cell, or the UE may not be able to transmit on a TDD serving cell while receiving on a FDD serving cell. The half duplex operation for FDD or TDD as Pcell is discussed in [1] – [3] for FDD and TDD CA, including the PDSCH and PUSCH HARQ timing. Specification work is necessary for half duplex operation of FDD-TDD CA.
· Whether self carrier scheduling or cross carrier scheduling is configured

Self carrier scheduling is mandatory for UEs supporting carrier aggregation so far, while cross carrier scheduling is an optional feature. It is expected that such conclusion shall continue to hold for FDD-TDD CA. Specification shall be completed to support cross carrier scheduling for FDD-TDD CA in Rel-12. 

· Whether UE is capable of UL CA on the FDD and TDD serving cell

For UEs not capable of UL CA, then PUCCH must be carried on the PCell. In such a case, the PDSCH and PUSCH HARQ timing in [1] – [3] need to be discussed and concluded. For UEs capable of UL CA, it is possible to adopt the parallel FDD/TDD UCI transmission in [4], which can fully reuse the existing PDSCH and PUSCH HARQ timing and support all identified deployments for FDD and TDD joint operation. Hence, it is necessary to discuss whether UL CA is a pre-requisite for UEs supporting FDD-TDD CA. If so, the parallel FDD/TDD UCI transmission in [4] is a clean solution for FDD-TDD joint operation in general.
· Whether the FDD and TDD serving cells are synchronized

Although there are synchronization requirements for TDD serving cells, there are no such requirements for FDD serving cells. Hence it is possible that the FDD and TDD serving cells are not synchronized. In theory, FDD and TDD being non-synchronized can happen in deployments with co-located FDD and TDD serving cells, as well as non-co-located FDD and TDD serving cells. To maximize the use cases for FDD-TDD CA, it is ideal that the FDD-TDD CA solution in Rel-12 can be applied to deployments with FDD and TDD being non-synchronized.
In general, the FDD-TDD CA work is analogous to the Rel-11 work in TDD inter-band CA with different UL-DL configuration, from which the following design can be inherited for FDD-TDD CA:

· PDSCH on PCell follows PCell PDSCH timing

· PUSCH follows the serving cell PUSCH timing in case of self-carrier scheduling.
· PHICH should be transmitted on the cell carrying the UL grant.
3 Conclusions
In this contribution, we provide some general discussion on FDD-TDD CA in Rel-12. In particular, we have the following proposals:

Proposal 1: The FDD-TDD CA design in Rel-12 shall support the following:

· FDD as PCell and TDD as PCell;

· UEs capable of full duplex operation, and UEs only capable of half duplex operation;

· Self-carrier scheduling and cross-carrier scheduling;

· Synchronized FDD and TDD serving cells, as well as non-synchronized FDD and TDD serving cells. 

Proposal 2: Discuss whether UL CA capability is a pre-requisite for UEs supporting FDD-TDD CA.

Proposal 3: The following designs for TDD inter-band CA with different UL-DL configurations shall be applied to FDD-TDD CA:
· PDSCH on PCell follows PCell PDSCH timing

· PUSCH follows the serving cell PUSCH timing in case of self-carrier scheduling.

· PHICH should be transmitted on the cell carrying the UL grant.
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