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1 Introduction
According to the WID for TDD-FDD joint operation [1], RAN1 is tasked to enhance the LTE TDD – FDD joint operation with the LTE TDD-FDD carrier aggregation (CA) 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.

In this contribution, we provide a high level overview of the potential technology candidates other than the LTE TDD-FDD CA feature based on the identified deployment scenarios.
2  Discussion 
In [1], two possible solutions for FDD-TDD joint operation other than LTE TDD-FDD CA are provided, i.e., Multi-Stream Aggregation (MSA) and dual-mode UE. It is deemed necessary to carefully assess the feasibility of those solutions considering the tradeoff between complexity (specification, implementation, testing, etc.) and system benefits (throughput, robust and flexible operation, reliable control signaling, etc). With the ideal backhaul assumption for Rel-10 and Rel-11 CA, a UE can aggregate different carriers to achieve higher throughput. The TDD-FDD CA is a new extension based on the Rel-10/Rel-11 CA framework to achieve this goal. However, except for co-located CA scenarios, the typical FDD and TDD joint operation study may assume more realistic assumptions of non-ideal backhaul and asynchronous deployment between FDD CC and TDD CC. Therefore, the existing CA principle may not be directly applicable to the TDD-FDD CA. 
2.1 Multi-Stream Aggregration
MSA is a potential alternative for TDD-FDD CA to facilitate TDD-FDD joint operation. MSA can be also regarded as inter-eNB CA or dual connectivity in which a UE consumes radio resources provided by at least two different cells (e.g., Master eNB (MeNB) and Secondary eNB (SeNB)). The following two aspects can be considered for MSA in the context of dual connectivity in small cell Scenario #2.
·   Figure 1 illustrates several examples of small cell Scenario #2 supporting dual connectivity with non-ideal backhaul for TDD-FDD joint operation. In Figure 1, the MeNB uses the FDD carrier whereas the SeNBs use various TDD carriers.
·      The first example is indicated as “TDD-FDD CA with ideal backhaul”, see the top of Figure 1, where the MeNB uses an FDD carrier which is aggregated at the SeNB with a TDD carrier #1, while the two eNBs are connected with ideal backhaul. 
·      The second example is indicated as “MSA with non-ideal backhaul“ in Figure 1. The higher frequency carriers (e.g., TDD carrier #2 and #3 shown in Figure 1) are deployed by the small cells connected to the MeNB with non-ideal backhaul. As the use of CA can achieve, the MSA solution can be also applied to increase the UE peak data rate and throughput. In order to reduce the C/U-plane latency and packet loss during mobility, when the UE is in the coverage of both the MeNB and the SeNB, C-plane functionalities (connection management, mobility, etc.) can be provided by the macro cell layer deployed at a lower frequency band.
Since there are similar dual connectivity discussions within the scope of the SCE SI [2][3], the discussion on MSA within the scope of TDD-FDD joint operation should focus on issues which are not identified by the SCE SI to avoid work duplication. 
Proposal 1: 
· In order to support FDD and TDD joint operation with realistic non-ideal backhaul assumption, Multi-steam aggregation (MSA) can be considered  in addition to TDD-FDD CA with ideal backhaul in the context of dual connectivity in small cell Scenario #2. 

· The discussion on MSA should focus on topics which are not identified by the SCE SI to avoid work duplication. 
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Figure 1:MSA solution with non-ideal backhaul connected between Macro eNB and small cell eNBs.

2.2 Dual mode
In [3], the term “dual connectivity” is used to refer to the system operation where a given UE consumes radio resources provided by at least two different network points connected with non-ideal backhaul.

Dual mode operation refers to a UE operating either on a TDD-LTE or an FDD-LTE frequency band, but not on both simultaneously. In other words, the dual mode UE can operate  on two carriers in a TDM manner. For scenarios where both FDD and TDD frequency bands are available, seamless handover between FDD-LTE and TDD-LTE networks is a critical feature for the end-user experience in addition to the data rate enhancement. The dual mode solution could provide performance enhancements with reduced UE implementation complexity compared to the TDD-FDD CA or MSA solutions, e.g., by sharing the common baseband and/or RF components.  The additional cost to support dual mode operation operation can be smaller compared to the TDD-FDD CA or MSA solutions, which require CA capabilities at the UE side.
One potential use case of the dual mode technique is depicted in Figure 2 where the MeNB and the SeNB operate on different FDD-LTE and TDD-LTE carriers, over non-ideal backhaul. In the example of Figure 2, the MeNB is deployed at a lower FDD frequency band to provide a wider coverage for Service 1, e.g., voice service, while the SeNB is placed within the coverage area of the MeNB but at higher TDD frequency band.  to provide Service 2, e.g., data service. With the dual mode technique, it would be possible to achieve faster service switching compared to the exisiting handover procedure, thereby providing  continuous and seamless voice and data communications. Moreover, dual mode operation can be utilized to achieve load balancing between the two duplex modes, thereby optimizing the utilization of the available radio resources. For example, mobile operators can offload data traffic from the FDD-LTE to the TDD-LTE carrier when the FDD-LTE carrier is heavily loaded. 
Proposal 2: 
· RAN1 needs to futher study the benefits of the dual mode solution for Rel-12 TDD-FDD joint operation. 
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Figure 2: Potential use case of dual mode to enable fast service switching and load balancing
3 Conclusion

In this contribution, we provide our views on the potential solutions for TDD-FDD joint operations in addition to TDD-FDD CA by considering the target deployment scenarios, use cases, and motivations. Based on the discussion, we propose the following：

Proposal 1: 
· In order to support FDD and TDD joint operation with realistic non-ideal backhaul assumption, Multi-steam aggregation (MSA) can be considered  in addition to TDD-FDD CA with ideal backhaul in the context of dual connectivity in small cell Scenario #2.

· The discussion on MSA should focus on topics which are not identified by the SCE SI to avoid work duplication.
Proposal 2: 
· RAN1 needs to futher study the benefits of the dual mode solution for Rel-12 TDD-FDD joint operation.
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