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1 Introduction
In RAN #60, a new work item on LTE FDD-TDD joint operation was approved [1]. The deployment scenario and potential solutions for FDD-TDD joint operation need to be identified. While our views on the deployment scenarios are presented in [2], this contribution discusses the potential solutions for FDD-TDD joint operation.
2 Potential solutions
The potential solutions for FDD-TDD joint operation depends on the deployment scenario. The required UE capabilities and the specification impacts are also analyzed for each of the potential solutions.
2.1 FDD-TDD carrier aggregation
FDD-TDD CA is a solution suitable for the deployment scenario with ideal cooperation between the FDD and TDD network points, i.e. Cat 1 deployment in [2]. A single scheduler can manage the data transmission on both the FDD and the TDD carrier, which does not require much higher layer specification changes. The main specification work resides in the physical layer, more specifically the downlink and uplink HARQ timing design. The corresponding downlink and uplink HARQ timing design depends on the following factors:
· UE capability on UL CA

· FDD or TDD serving cell as the primary cell

· UE capability on full duplexing

It is noted that the UE capability on DL CA is always assumed for the FDD-TDD CA solution, since at least the UE downlink throughput shall be improved.
For UEs not supporting UL CA, the HARQ feedback shall be carried in a single carrier. New HARQ timing is likely to be required for such UEs when TDD is configured as the primary cell. For UEs supporting (and configured with) UL CA, it is possible to have independent HARQ feedback on a per-serving cell basis, which can be fulfilled by the existing HARQ timing. On the other hand, UCI transmission on a secondary cell shall be specified, which is also necessary for the “multi-stream aggregation” solution as discussed in section 2. Design of half-duplex UEs for joint FDD-TDD operation may require additional specification changes. 
2.2 Multi-stream aggregation

The FDD-TDD multi-stream aggregation (MSA) solution is targeted for the deployment scenario with limited cooperation between the FDD and TDD network points, i.e. Cat 2 deployment in [2]. With non-ideal cooperation, separate schedulers shall reside in the FDD and TDD network nodes. Hence the MSA solution is a higher layer solution. Given that the Cat 2 deployments are essentially the small cell deployments with non-ideal backhaul, MSA shall be considered as identical to “dual-connectivity” as in [3]. In order to provide good performance, the following UE capabilities are required for MSA:
· UE capability of DL CA

· UE capability of UL CA

· UE capability of full duplexing

Essentially the above UE capabilities can improve the UE throughput by having independent HARQ feedback on a per-serving cell basis, which is intrinsically required due to the non-ideal property of the deployment scenarios. Hence, aside from the required higher layer specification changes, the physical layer specification change mainly resides in supporting UCI transmission on a secondary cell. Furthermore, MSA can also be applied to the deployment scenarios with ideal cooperation, provided that the required UE capabilities for MSA are fulfilled. 
2.3 Enhanced dual mode operation

The enhanced dual mode operation is a solution for deployment scenario with no cooperation between the FDD and TDD network points, i.e. Cat 3 deployment in [2]. Currently, dual FDD/TDD mode UEs typically connect to the network using one mode for certain time duration. The purpose of this solution is to allow better utilization of the FDD and TDD carriers for different traffics, even without cooperation from the FDD and TDD network points. High layer (or even above RAN) specification changes may be required to support this solution, e.g. the UE may need to establish two RRC connections to the network, one for the FDD serving cell and the other for the TDD serving cell. In order to provide good performance, the following UE capabilities are ideally required:

· UE capability of DL CA

· UE capability of UL CA

· UE capability of full duplexing

With the above UE capabilities, the UE throughput can be improved by having concurrent traffic flows on the FDD and TDD serving cells. The physical layer specification change includes simultaneous UCI transmission on both the FDD and TDD serving cells, which is similar to UCI transmission on a secondary cell required by MSA.
3 Conclusions
In this contribution, we discuss the potential solutions for FDD-TDD joint operation, which are dependent on the deployment scenarios and UE capabilities. Hence, it is recommended to consider the deployments, solutions, and UE capabilities jointly. Ideally, a unified solution for multiple deployment scenarios is desirable.
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