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1 Introduction
One objective in the new WID: LTE TDD – FDD Joint Operation [1] is to
· 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.
In this paper, we share our views on the possible solutions for FDD-TDD joint operation, mainly focused on the dual mode operation.    
2 Discussion
Deployment scenarios and possible solutions 
As discussed in [2], four deployment scenarios for FDD-TDD joint operation are identified.

· Scenario 1: FDD and TDD carriers are co-located in one site.

· Scenario 2a: FDD carrier and TDD carrier are located in different sites with ideal backhaul in between with centralized scheduler. 

· Scenario 2b: FDD carrier and TDD carrier are located in different sites with ideal backhaul in between with individual schedulers.

· Scenario 3: FDD carrier and TDD carrier are located in different sites with non-ideal backhaul in between.

Three possible solutions are elaborated. 
· FDD-TDD carrier aggregation
· FDD-TDD dual mode operation
· FDD-TDD dual connectivity 
We summarize the applicable solutions to each deployment scenario in Table 1 in [2]. 
Since FDD-TDD carrier aggregation should be default solution for FDD-TDD joint operation and FDD-TDD dual connectivity is expected to be discussed in RAN2, we focus on the FDD-TDD dual mode operation in this paper. As analyzed in [2], FDD-TDD dual mode operation can be applicable in Scenario 1, 2a, 2b and 3. 
Dual mode operation in conventional FDD-TDD network
The possible protocol stack for a dual mode UE is shown in Figure 1. By this protocol stack, current dual mode UE can operate in one mode at a time where “operate” means receiving and transmitting simultaneously in the case of FDD or one at a time in the case of TDD. In a conventional FDD-TDD network, where eNBs are in the independent operation, when a UE moves from a LTE FDD cell to a LTE TDD cell or vice versa, the UE should perform intra-LTE inter-frequency handover, as depicted in Figure 2. Once the operating mode is determined, UE should behave like the operation in a single mode case. 
Observation: Current dual mode UE can operate in one mode at a time where “operate” means receiving and transmitting simultaneously in the case of FDD or one at a time in the case of TDD.  
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Figure 1: Protocol stack for FDD/TDD dual mode
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Figure 2: Inter-frequency handover from FDD carrier to TDD carrier
Dual mode enhancement in FDD-TDD joint operation

Without changing the protocol stack in the dual mode, we believe that UE operates in one mode at a time won’t be changed. WID mentioned “Dual-mode UE supporting simultaneous operation on both modes” [1], but with the current “dual-mode” UE as defined above, dynamic “simultaneous” reception/transmission at TTI level for both FDD and TDD is impossible. Hence the definition of “simultaneous operation” is unclear. It may be interpreted as “joint connection” where “connection” still yet to precisely defined with respect to protocol layer and/or PHY layer.  
To support “Dual-mode UE supporting simultaneous operation on both modes” mentioned in the WID, the modification of the dual mode UE should be considered.
Solution 1: dual protocol stacks and dual PHY
To support dual mode “simultaneous” operation, one solution is to duplicate the protocol stacks and have both FDD and TDD PHY, as illustrated in Figure 3. One protocol stack is associated to TDD carrier and the other protocol stack is associated to FDD carrier. Two RRC connections should be established to maintain simultaneous operation on both modes. It behaves like two UEs tying together and making two connections to the network. The network treats the device as two UEs. In this case, UE’s capability should also be enhanced to enable “simultaneous” FDD and TDD operation. To maintain two RRC connections, UE may need to keep monitoring PDCCH for two connections and at least can switch its UL transmitters to the corresponding carrier if UL transmission is expected. Of course, equipped with two receivers and two transmitters can avoid awkward situation that two UL transmissions are expected in the same TTI in the different carrier. Note that this solution is not possible with the traditional dual-mode UE that can only operate one mode at a time. Significantly additional PHY and protocol support is required.        
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Figure 3 Dual protocol stacks and dual PHY
Solution 2: FDD-TDD carrier switching with single protocol stack
Another solution to support joint operation on both modes is to perform some kind of carrier switching that is different from current inter-frequency inter-mode handover between FDD-TDD carriers. But since UE has only one set of protocol stack and each cell may has its own configurations, once UE switch from one carrier to the other carrier, the corresponding configurations and operation status of each sub-layer of the protocol should be applied. In other words, UE should keep the configuration and status of a cell to the memory when it switches “connection” to the other cell and reapply these settings when it switches back. Figure 4 illustrates the operation. The internal reconfiguration of the settings of protocol stack should be very fast. In this case, UE still operates in one mode at a time but fast switches in two carriers to maintain operations on both carriers. Both FDD and TDD eNBs should also keep the UE context and be prepared to such switch. Single RRC connection or dual RRC connections that the UE should maintain can be determined by the deployment scenario. For example, Scenario 1 and 2a could be operated as a single RRC connection case and Scenario 2b and 3 could be operated as dual RRC connections case.  
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Figure 4 FDD-TDD carrier switching with single protocol stack
Solution 3: protocol stack enhancement with single RRC    

Some protocol stack enhancement without maintaining two RRC connections might be possible. For example, to duplicate PDCP, RLC and MAC sublayers to apply the configurations from each carrier, but a single RRC connection is maintained. UE can simultaneously operate in two protocol stacks up to PDCP or switch in between. However, the architecture is quite similar to the dual connectivity and the related operation is also under the discussion scope of dual connectivity.  
Proposal 1: The definition of “dual-mode UE” and “simultaneous operation” should be clarified with respect to protocol layer or PHY layer.
Proposal 2: RAN1 can consider possible scenarios and solutions for the dual mode enhancement in FDD-TDD joint operation, with the help from RAN2 on relationship with dual-connectivity 
· Solution 1: dual protocol stacks and dual PHY
· Solution 2: carrier switching with single protocol stack
· Solution 3: protocol stack enhancement with single RRC
3 Conclusions
In this paper, the FDD-TDD dual mode protocol stack, dual mode operation and the possible dual mode enhancement in the FDD-TDD joint operation are discussed. The observation and proposals are summarized as follows.
Observation: Current dual mode UE can operate in one mode at a time where “operate” means receiving and transmitting simultaneously in the case of FDD or one at a time in the case of TDD.
Proposal 1: The definition of “dual-mode UE” and “simultaneous operation” should be clarified with respect to protocol layer or PHY layer.
Proposal 2: RAN1 can consider possible scenarios and solutions for the dual mode enhancement in FDD-TDD joint operation, with the help from RAN2 on relationship with dual-connectivity 
· Solution 1: dual protocol stacks and dual PHY
· Solution 2: carrier switching with single protocol stack
· Solution 3: protocol stack enhancement with single RRC
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