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1 Introduction

In 3GPP RAN1 #74 meeting, it was agreed that  
	The TDD - FDD joint operation would consider the following deployment scenarios: 

· FDD+TDD co-located (CA scenarios 1-3), and FDD+TDD non-co-located with ideal backhaul (CA scenario 4)
· FDD+TDD non-co-located (small cell scenarios 2a, 2b, and macro-macro scenario), with non-ideal backhaul, subject to the outcome of the non-ideal backhaul related study items where relevant. 


Besides, in TR36.847 [1], it captures that TDD-FDD carrier aggregation and dual connectivity are two candidate solutions for the agreed scenarios. It also captures that 
	“identify whether there are any relevant scenarios and requirements that are not satisfied by the above two bullets, and if so, identify appropriate solutions.” 


In this paper, we share our views on the relevant scenarios for the FDD-TDD joint operations which are not captured in the TR. 

2 Discussion 
2.1 Application scenario 

In FDD-TDD networks, FDD carriers are mostly located in the lower frequency bands. FDD carriers are usually deployed with well planned topology, with better inter-eNB backhaul and with higher transmit power to provide robustness of coverage. Meanwhile, TDD carriers, which are usually located in the higher frequency bands, can be loosely deployed on top of FDD carriers with lower transmit power to enhance the data throughput. With these characteristics, FDD carriers and TDD carriers can be used to provide different services with different QoS. For example, FDD layers can be used to provide latency sensitive services, e.g., voice and video streaming, and TDD layers can be used as traffic offloading to provide delay-tolerant services, e.g., FTP and HTTP. 
2.2 Use case in the RRC idle mode
Both carrier aggregation and dual connectivity are the behaviors in the connected mode. When an idle mode UE camped on a cell which can’t provide voice service and when a mobile terminated (MT) call comes, the UE may first make RRC connection to the cell it camps on and then the cell triggers the inter-frequency handover procedure to hand off the UE to a cell with voice service. In the end, the UE should make the RRC connection to the cell which supports voice service to pick up the call. 
To shorten the overall procedure, the enhancement in the idle mode can be considered. For instance, in addition to the cn-domain, i.e., PS or CS, where the paging is originated, the target carrier information (FDD or TDD) to which a UE should make the RRC connection may be carried in the paging message. When a UE receives the paging that indicates different target carrier than the carrier that the UE was camping on, the UE should reselect a cell operating in the target carrier and perform RACH and make RRC connection to that cell. Cell loading information may also be added in the paging message to indicate UEs to select/reselect a lightly loaded cell in the target carrier.
To support the application scenario described in section 2.1, the use case in RRC idle and the idle mode enhancement should be captured in TR 36.847. 

Proposal 1: the use case in the RRC idle and the idle mode enhancement should be captured in TR 36.847.
2.3 Use case in the RRC connected mode
As indicated in [1], TDD-FDD carrier aggregation solution is identified for TDD-FDD joint operation solution in case ideal-backhaul is assumed. 
As for dual connectivity, in TR36.842 [2] dual connectivity is defined as “operation where a given UE consumes radio resources provided by at least two different network points (Master and Secondary eNBs) connected with non-ideal backhaul while in RRC_CONNECTED.” In RAN2 #83, it was agreed that the baseline solution for control plane for dual connectivity is that “Only the MeNB generates the final RRC messages to be sent towards the UE after the coordination of RRM functions between MeNB and SeNB. The UE RRC entity sees all messages coming only from one entity (in the MeNB) and the UE only replies back to that entity.” In that case, the coordination between Master and Secondary eNBs can’t be avoided. 
In some cases, the assumption of ideal backhaul between FDD carriers and TDD carriers cannot be achieved. Moreover, according to [3], FDD cells and TDD cells might be bought from different vendors so that the interfaces of inter-vendor nodes may hardly be open and coordinated. In those cases, neither carrier aggregation nor dual connectivity can be used as the solution of FDD-TDD joint operation. 
In the case that FDD carrier and TDD carrier is hard to coordinate at the RRC level, a dual mode UE which equips with FDD and TDD RFs can utilize FDD carrier and TDD carrier in TDM (time-division multiplexing) manner for cases when FDD and TDD networks provide different services with different QoS or with different coverage or with different mobility robustness. For example, the UE receives FTP downloading from TDD carrier, switches to FDD carrier to receive and transmit voice call and switches back to TDD carrier to continue the FTP service or to start new delay-tolerant service.
Several mechanisms can achieve TDM operation between FDD and TDD carriers for a dual mode UE:
1. inter-frequency handover: if the source eNB can prepare the target eNB for a UE, the UE can switch from/to FDD carrier to/from TDD carrier through inter-frequency handover procedure. This mechanism is already supported.

2. RRC release with redirection: in some cases, the source eNB may not be able to prepare the target eNB to a UE. For example, multiple handshaking for handover preparation are needed and can result in large latency depending on the latency of non-ideal backhaul between two eNBs. If the source eNB can’t prepare the target eNB for a UE, the source eNB can release the UE’s RRC connection and indicate the redirect carrier information (the target cell) in the RRC connection release message. When the UE enters idle mode, it should camp on the redirected carrier with higher priority. UE can then setup RRC connection to the redirected target cell. This mechanism is also already supported.
3. RRC enhancement- dual RRC: A possible enhancement to dual-mode UE is to perform carrier switching between FDD and TDD without performing handover or RRC release. Since each cell may have its own RRC configurations and UE has only one set of protocol stack, once UE switches from one carrier to the other carrier, the corresponding configurations and operation status of each protocol stack of that the latter carrier should be applied, and vice versa. In other words, UE should store the configuration and status of a cell when it switches “connection” to the other cell and re-apply these settings when it switches back. Figure 1 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. In the case of hard-to-achieve coordination between FDD and TDD carriers, each eNB should maintain a RRC connection to the UE so that the UE should maintain dual RRC connections. Maintaining dual RRC connections in the UE may have impact from RAN to CN. The feasibility of dual RRC needs to be further studied.
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Figure 1: carrier switching between FDD carrier and TDD carrier
Proposal 2: the use case that the RRC coordination between FDD and TDD can be difficult to achieve should be captured in TR 36.847.
Proposal 3: the dual mode operation and its enhancement should be captured as one of the solutions for TDD-FDD joint operation.   

The corresponding text proposal for TR 36.847 is provided in [4]. 
3 Conclusions
In this paper, we discuss on non-satisfied relevant scenarios and requirements of FDD-TDD joint operation. The proposals are summarized as follows.
Proposal 1: the use case in the RRC idle and the idle mode enhancement should be captured in TR 36.847.
Proposal 2: the use case that the RRC coordination between FDD and TDD can be difficult to achieve should be captured in TR 36.847.

Proposal 3: the dual mode operation and its enhancement should be captured as one of the solutions for TDD-FDD joint operation.   

The corresponding text proposal for TR 36.847 is provided in [4]. 
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