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1. Introduction
In RAN#60, the work item “LTE TDD-FDD joint operation” ([1]) was approved. 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[1]. 

The detailed objectives include:
Technical Report on TDD-FDD Joint Operation scenarios from RAN#60 until RAN#61

· Identify deployment scenarios of joint operation on FDD and TDD spectrum, and network/UE requirement to support joint FDD/TDD operation.
· Based on the identified deployment scenarios and network/UE requirements, identify possible other solutions  for TDD-FDD 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.

Based on the work above consider whether such solutions, if any, need to be added to the Work Item itself, or in separate Work Items. 
This contribution shows our views on deployment scenarios of joint operation on TDD and FDD spectrum and UE requirements to support TDD-FDD joint operation. The possible solutions for TDD-FDD joint operation are also proposed in this contribution.
2. Deployment scenarios for TDD-FDD joint operation
There are operators with both TDD and FDD spectrum. It is crucial to identify efficient mechanism(s) such that both spectrum resources can be fully utilized to improve system performance and user experience. TDD-FDD joint operation was introduced for effectively utilized both TDD and FDD spectrum. The deployment scenarios should be identified based on backhaul characteristic for TDD-FDD joint operation.
Non-ideal backhaul scenarios
Small cell scenarios and Macro TDD + Macro FDD scenario should be considered. Those scenarios a given in concept under 1 macro cell area.
The small cell scenario is shown in Figure1. 
· Scenario-1: FDD cell (F1) is macro cell and TDD cell(s) (F2) is (are) small cell(s) and they are connected via non-ideal backhaul. In this scenario, FDD operators deploy FDD cell at first and then to add TDD small cells(s) as hotspot to improve capacity.
· Scenario-2: TDD cell (F1) is macro cell and FDD cell(s) (F2) is (are) small cell(s) and they are connected via non-ideal backhaul. In this scenario, TDD operators deploy TDD at first and then add FDD small cells(s) to improve capacity. The FDD spectrum may be newly allocated.
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Figure1. Small cell scenario

The Macro TDD (F1) + Macro FDD (F2) scenario is shown in Figure2. 
· Scenario-3: Macro cells are both TDD cell and FDD cell and they are connected via non-ideal backhaul. This scenario applies for TDD operators who deploy TDD at first and then add FDD macro cell to improve capacity and coverage. The FDD frequency could be re-farmed from existing 2/3G network e.g. GSM. It is possible that TDD network has already deployed small cell features for the TDD mode.
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Figure2. Two macro cells scenario

Carrier aggregation was introduced in Rel-10 and enhanced in Rel-11. But the carrier aggregation is only for ideal backhaul scenario. Above scenarios is not applicable for carrier aggregation. Multiple stream aggregation, which can be seen as an extension of dual connectivity in small cell SI, should be considered for non-ideal backhaul scenarios for TDD-FDD joint operation.

Ideal-backhaul scenarios
Whether TDD is Pcell or FDD is Pcell, the backhaul is ideal in CA scenario1, 2, 3 and 4. Carrier aggregation is the main solution for TDD-FDD joint operation in most ideal-backhaul scenarios (e.g., CA scenarios).
However, carrier aggregation is not available for the following ideal-backhaul scenario:
· Scenario-4: Macro cells are both TDD cell and FDD cell and they are connected via an open interface (e.g., X2 even with ideal backhaul). This scenario applies for TDD operators who deploy TDD at first and then add FDD macro cell to improve capacity and coverage. The FDD frequency could be re-farmed from existing 2/3G network (e.g., GSM). They could be located in same site but have to be connected via open interface because of multi-vendor issue.
In case TDD cell and FDD cell have to be connected via open interface, carrier aggregation cannot be used as solution for TDD-FDD joint operation.  Other solutions such as multiple stream aggregation may be considered for Scenario-4.

Proposal 1: Non-ideal backhaul scenarios and an open interface with ideal backhaul scenario should be considered.
Proposal 2: Multiple stream aggregation should be introduced as one of solutions for TDD-FDD joint operation.
3. UE requirements for TDD-FDD joint operation
UE requirements for TDD-FDD joint operation depend on whether TDD cell and FDD cell simultaneous reception and transmission is supported by UE. There are three types of UE based on the reception and transmission characteristic.
· Type1 UE: For UE cannot support simultaneous reception and transmission of TDD cell and FDD cell

· Pros
· The cost of UE is lowest
· Cons
· The synchronization requirement is strict
· TDD and FDD resources may not be fully utilized
· TDM scheme will be introduced. The cost of UE may be increased because UE should be switched frequent between TDD cell and FDD cell by TDM scheme
· Type2 UE: For UE support simultaneous reception but cannot support simultaneous transmission of TDD cell and FDD cell
· Pros 
· The cost of UE is lower than “Type1 UE” and higher than “Type3 UE”  
· Cons

· The synchronization requirement is strict
· TDD and FDD resources may not be fully utilized
· UCI of TDD cell and UCI of FDD cell cannot be transmitted simultaneous and the TDM scheme will be introduced. The cost of UE may be increased because UE should be switched frequent between TDD cell and FDD cell by TDM scheme

· Type3 UE: For UE support simultaneous reception and transmission of TDD cell and FDD cell
· Pros
· TDD and FDD resources can be fully utilized 
· The synchronization requirement is lower

· Cons 

· The cost of UE is highest

· The power control needs to be reconsidered because UCI of TDD cell and UCI of FDD cell may be transmitted simultaneous.
Proposal 3: All three types of UE should be considered in TDD-FDD joint operation.
4. Conclusion

In this contribution, we analyze the deployment scenarios and UE requirements for LTE TDD-FDD Joint operation. We propose the following:
Proposal 1: Non-ideal backhaul scenarios and an open interface with ideal backhaul scenario should be considered.
Proposal 2: Multiple stream aggregation should be introduced as one of solutions for TDD-FDD joint operation.
Proposal 3: All three types of UE should be considered in TDD-FDD joint operation.
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