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1 Introduction 

In RAN#60 meeting, a new WI on LTE TDD-FDD joint operation was approved [1]. The objective is to enhance LTE TDD – FDD joint operation with LTE TDD-FDD carrier aggregation feature and potentially also with other TDD-FDD joint operation solutions depending on the outcome of the initial scenario evaluation phase of the work item. According to the work plan, until RAN#61, we need to:

(1) Identify the deployment scenarios of joint operation on FDD and TDD spectrum, and network/UE requirement to support joint FDD/TDD operation. 

(2) Based on the identified deployment scenarios and network/UE requirements, identify possible other solutions  for FDD-TDD joint operation for example multi-stream aggregation and dual-mode UE supporting simultaneous operation on both modes in addition to LTE TDD-FDD carrier aggregation.
We share our view on deployment scenarios and requirements in a companion paper [2]. In this contribution, we will discuss the potential solutions for the identified scenarios.
2 Potential Solutions
CA was identified as one of the solutions for TDD-FDD joint operation, and has already been agreed to be specified. Conceptually this is an extension of Rel-10/11 CA, except that now the aggregation is among TDD and FDD carriers. It is applicable to CA scenario 1, 2, 3 and 4 as defined in 36.300, when ideal backhaul is available among the carriers. The benefit of CA includes:
· Higher peak throughput and higher user throughput

· Instantaneous load balancing among carriers through per-subframe scheduling
Although TDD-FDD CA seems a straightforward extension of Rel-10/11 CA, it has significant specification impact on the physical layer, due to the different scheduling and HARQ timing for FDD and TDD. The transmission of HARQ-ACK feedback bits on both DL and UL will be affected as well. Moreover, TDD-FDD CA cannot be applied to the cases with non-ideal backhaul, which is of great importance to the operators.

Therefore, alternative solutions need to be investigated.
2.1 Dual connectivity
To tackle the issue of non-ideal backhaul, dual connectivity is currently being discussed in small cell enhancement SI [3]. It is targeted towards the scenario where the UE connects to two eNBs, which are connected with non-ideal backhaul. Figure 1 shows such a scenario with FDD on macro eNB and TDD on pico eNB.
Dual connectivity has the following advantages:

· Higher peak throughput by aggregating resources from multiple eNBs
· Higher user throughput by accessing a larger bandwidth for low to medium system load

· No stringent requirement on backhaul

However, it is generally difficult to perform coordinated scheduling among the two eNBs due to non-ideal backhaul. Therefore the performance is inferior compared to that of CA.
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Figure 1 Non-colocated FDD and TDD carriers
The architecture for dual connectivity (e.g. how the user plane and control plane are split among the eNBs) is still under discussion, and it is independent of the physical layer frame structure (FDD or TDD). One aspect that can have physical layer impact and depend on the frame structure is how UCI is transmitted. Currently in CA, PUCCH is only carried on the PCell. But with non-ideal backhaul, the latency between the two cells makes it not possible to keep the PCell-only PUCCH. If PUCCH is transmitted independently for each cell, the dual connectivity solution would become agnostic to the frame structure, thus directly applicable to TDD-FDD joint operation.

Given that non-ideal backhaul is very typical in real deployment, it is important to have a solution available. To avoid duplication of work or inconsistent conclusions, we should wait until the discussion on dual connectivity in small cell SI is concluded before drawing conclusions on alternative solutions for TDD-FDD joint operation.

· Proposal: Evaluate if any additional work is needed for dual connectivity to support TDD-FDD joint operation after the small cell SI is concluded.
Note that although dual connectivity is targeted specifically towards non-ideal backhaul, it could be applied to the cases with ideal backhaul as well, although its performance may not be as good as CA.

2.2 Fast FDD/TDD switching
Enhanced dual-mode operation to support faster or dynamic FDD/TDD switching was brought up as a potential solution during the WID discussion. There could be two different kind of FDD/TDD switching:

(1) The switching is achieved by inter-frequency handover between FDD and TDD cells. This is already supported by the current specifications for dual-mode UEs. The speed of handover between FDD and TDD cells is comparable to that of inter-frequency handover between FDD (or TDD) cells, which is considered as acceptable today. It is not clear how or how much handover could be speeded up. 
(2) The UE is connected to both FDD and TDD cells at the same time, but the UE only communicates with one cell at a time. This means that UE communicates with the FDD and TDD cells in a TDM fashion. However, the UE would most likely need to monitor the control channels from both cells simultaneously. This scheme can provide the benefit of dynamic load balancing. It could be considered as a special case of dual connectivity but without the benefit of resource aggregation for the UE. 
In either case, we do not see why or what enhancements are needed for dual-mode UEs. Scenarios and use cases would be needed to further justify the idea, and also to understand what type of enhancements would be beneficial.
· Observation: Further justification would be needed for enhanced dual-mode to support faster FDD/TDD switching.
3 Conclusions
In this contribution, we discussed the few potential solutions for TDD-FDD joint operation, with the following proposal/observations:

· Proposal: Evaluate if any additional work is needed for dual connectivity to support TDD-FDD joint operation after the small cell SI is concluded.
· Observation: Further justification would be needed for enhanced dual-mode to support faster FDD/TDD switching.
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