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1 Introduction

In the 3GPP TSG RAN #60 meeting, a new WI “LTE TDD – FDD Joint Operation” [1] was agreed. The objective of this WID 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.
In this paper, we share our views on the following topic:   
· Identify deployment scenarios of joint operation on FDD and TDD spectrum, and network/UE requirement to support joint FDD/TDD operation.
2 Discussion  

Deployment scenarios

In this section, we illustrate some potential deployment scenarios for FDD and TDD joint operation. Four possible deployment scenarios, scenario 1 to scenario 3 are listed in the Figure 1.
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Figure 1 Deployment scenarios
Scenario 1: FDD and TDD carriers are co-located in one site. As shown in Figure 1, FDD carrier and TDD carrier are from the same eNB with the same scheduler. If FDD carrier serves as a Pcell, then TDD carrier, serving as Scell, can be treated as additional resource of the Pcell, and vice versa. CA scenario # 2, 3, shown in Figure 2, can be covered by Scenario 1 [3]. Note that since FDD and TDD carriers are in the different frequency bands, CA scenario #1 is not considered here.
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Figure 2 CA deployment scenarios #2 and #3
Scenario 2: FDD carrier and TDD carrier are located in different sites with ideal backhaul in between, while scenario 2a considers the case of centralized scheduler and scenario 2b considers the case of individual schedulers. If site 1 is operated in FDD mode, site 2 is operated in TDD mode, and vice versa. CA scenario #4, shown in Figure 3, is covered by Scenario 2a where the site without scheduler can be treated as a RRH. Scenario 2b is similar to the Scenario #2a discussed in the small cell enhancement SID, shown in Figure 4 [3], except that the carrier in each site is in different mode.   
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	Figure 3 CA deployment scenarios #4
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	Figure 4 SCE scenario #2a


Scenario 3: FDD carrier and TDD carrier are located in different sites with non-ideal backhaul in between. If site 1 is operated in FDD mode, site 2 is operated in TDD mode, and vice versa. Due to the transmission latency between two sites, we believe individual schedulers with individual physical layer feedback and MAC feedback should be equipped in both sites. Scenario 3 is also considered in the Scenario #2a in SCE, except that the carrier in each site is in different mode. 
Possible solutions and protocol stacks in UE 
Three possible operation modes are proposed. We share our views on each solution to see which deployment scenario it can be operated in. We explain three different solutions from protocol stacks at UE side.    
FDD-TDD carrier aggregation
Similar to the current CA solution, the protocol stacks for FDD-TDD carrier aggregation can be illustrated in Figure 5, where one RRC, one PDCP, one RLC and a common MAC with multiple HARQ entities associated to different carriers are equipped. The difference here is that the operated carriers can be in different modes. This solution can be applied in Scenario 1 and Scenario 2a. 
As to UE requirement in this case, obviously the UE is capable of simultaneously receiving FDD and TDD.    
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Figure 5 Protocol stack of FDD/TDD carrier aggregation
FDD-TDD dual mode operation
For dual mode operation, a UE should be capable to operate in either FDD mode or TDD mode. Once the operating mode is determined, UE should behave like the operation in the single mode case. The protocol stack at UE side is shown in Figure 6, where one RRC, one PDCP, one RLC and a common MAC with a HARQ entity are equipped. Once the operation mode is chosen, the HARQ entity should be associated to that mode. This solution can be applied in Scenario 1, 2a, 2b, and 3.  
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Figure 6 Protocol stack of FDD/TDD dual mode
As to UE requirement in this case, the 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. A UE can switch from one mode to the other in inter-freq handover. 
In this case, the terminology of TDD-FDD “joint operation” needs to be clarified, especially from a UE perspective (network always jointly operates FDD and TDD). Hence the term “Dual-mode UE supporting simultaneous operation on both modes” mentioned in the WID [1] is subject to different interpretation, too. In general, it can be understood as operating a dual-mode UE in different use cases than the existing inter-mode handover (see our discussion paper in [4]). 
FDD-TDD dual connectivity 
Dual connectivity is under discussion in the RAN2 SCE SI. One possible protocol stacks are shown in Figure 7 where one RRC controller and dual PDCP, RLC, MAC associated to different sites are equipped. Each protocol stack should be associated to a mode operated in each site. This solution can be applied in Scenario 2b and 3.  
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Figure 7 Protocol stack of FDD/TDD dual connectivity 
As to UE requirement in this case, obviously a dual-DL dual-UL UE can support independent TDD+FDD operation. Dual-DL single-UL UEs can also support dual connectivity if simultaneous UL transmission to two eNBs can be avoided. Single-DL and single-UL UEs must switch between the two modes in a certain fashion to maintain “connections” to both eNBs, in a way that is different than current operation of only hand-off are allowed between two links. The exact protocols detail is of course under discussion in RAN2. But it should be clear that the protocol stack is different from dual mode operation.
Summary of possible use cases
	Table 1

	#
	Scenarios
	Descriptions

	Case 1
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	Co-located TDD and FDD deployment

CA scenario #2,3

Ideal backhaul between TDD carrier and FDD carrier.

f1 is the carrier frequency of FDD spectrum, f2 is the carrier frequency of TDD spectrum.

UE is likely to choose/be chosen to operate in a preferred carrier. FDD-TDD dual mode operation can be applied. 

UE is likely to connect to both carriers in order to increase downlink user data rate. FDD- TDD CA can be applied. 
No use case for dual connectivity 


	Case 2a
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	Inter-site FDD and TDD deployment
CA scenario #4

Ideal backhaul between TDD carrier and FDD carrier.

f1 is the carrier frequency of FDD spectrum, f2 is the carrier frequency of TDD spectrum.

Centralized scheduler is equipped in an eNB. Carriers are centrally controlled by an eNB.

UE is likely to choose/be chosen to operate in a preferred carrier. FDD-TDD dual mode operation can be applied. 

UE is likely to connect to both carriers in order to increase downlink user data rate. FDD- TDD CA can be applied. 

No use case for dual connectivity  

	Case 2b
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	Inter-site FDD and TDD deployment

SCE scenario #2a

Ideal backhaul between TDD carrier and FDD carrier.

f1 is the carrier frequency of FDD spectrum, f2 is the carrier frequency of TDD spectrum.

Individual schedulers are equipped in both eNBs.

UE is likely to choose/be chosen to operate in a preferred carrier. FDD-TDD dual mode operation can be applied.

UE is likely to choose/be chosen to operate in both carriers. FDD-TDD dual connectivity can be applied.



	Case 3
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	Inter-site FDD and TDD deployment

SCE scenario #2a

Non- ideal backhaul between TDD carrier and FDD carrier.

f1 is the carrier frequency of FDD spectrum, f2 is the carrier frequency of TDD spectrum.

Individual schedulers are equipped in both eNBs.

UE is likely to choose/be chosen to operate in a preferred carrier. FDD-TDD dual mode operation can be applied.

UE is likely to choose/be chosen to operate in both carriers. FDD-TDD dual connectivity can be applied.




Proposal 1: Four deployment scenarios discussed above should be captured in the FDD-TDD joint operation TR [5]. 
Proposal 2: The summary of use cases should be captured in the FDD-TDD joint operation TR.
3 Conclusions
In this paper, we discuss four possible deployment scenarios with possible solutions for each deployment scenario. The following proposals are made.
Proposal 1: Four deployment scenarios discussed above should be captured in the FDD-TDD joint operation TR. 
Proposal 2: The summary of use cases should be captured in the FDD-TDD joint operation TR.
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