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1	Introduction
At RAN#62 meeting, a new Work Item “Dual Connectivity for LTE” [1] was approved. The work item aims at specifying Dual Connectivity operation, introducing functions and procedures to realise C-plane and U-plane protocol and architectures supporting alternatives 1A and 3C.
In this contribution, we will discuss the mobility scenarios and signalling flow to support the dual connectivity operation.
2	Discussion
2.1 Mobility scenario
Seven X2 based mobility scenarios for the dual connectivity UE would be considered as shown in Figure 1.

                                         
Figure 1 mobility scenarios for dual connectivity
Scenario 1: MeNB1MeNB1+SeNB1(intra-MeNB, SeNB Addition)
Scenario 2: MeNB1+SeNB1MeNB1 ((intra-MeNB, SeNB Removal)	
Scenario 3: MeNB1+SeNB1MeNB1+SeNB2 (intra-MeNB, inter-SeNB)
Scenario 4: MeNB1 MeNB2+SeNB3 (inter-MeNB, SeNB Addition)
Scenario5: MeNB1 +SeNB1 MeNB2+SeNB1 (inter-MeNB, same SeNB)
Scenario 6: MeNB1 +SeNB1 MeNB2 (inter-MeNB)
Scenario 7: MeNB1 +SeNB1 MeNB2+SeNB3 ((inter-MeNB, inter-SeNB)
The SeNB Addition/ SeNB Modification and SeNB Release procedure over the X2 interface are used for addition /modification and release of SeNB resources for dual connectivity operation. For Intra-MeNB mobility case, the SeNB Additon and SeNB Release procedure could be used as described in the TR[2]. For inter-MeNB case, the signalling scheme could be based on the combination of X2 HO procedue and SeNB Addition/ SeNB Modification/ SeNB Release procedure. 
Proposal1: The SeNB Addition/ SeNB Modification/SeNB Release procedure could be used to support intra-MeNB and inter-MeNB mobility scenarios.
2.2 Mobility solution
Two issues need to be considered for the mobility signalling flow to support dual connectivity.
Issue1: Whether the SeNB1 connetion will be released before the MeNB1 initiating the X2 HO procedure.
Issue2:  whether the SeNB3 will be added during the inter-MeNB X2 HO handover procedure.
We will take Scenario 7 as an example to describe the signalling scheme since other scenarios could be regarded as a subset of Scenario 7. Four options could be considered as the possible mobility solutions to support Scenario7 regarding the issue1 and issue2, we will give a comparation from the aspect of HO preparation delay, signalling impact to the UE/eNB and Admission Limitation. 
Option1：MeNB->MeNB
In this option, when the MeNB1 makes decision to hand off the UE, the MeNB1 will release the SeNB1 firstly, the MeNB1 needs to initiate RRC Reconfiguration procedure to UE and Path Switch procedure to the MME（for UP Alt1）. Then the X2 based HO will be executed between the MeNB1 and MeNB2. After UE is handed over to the MeNB2, the MeNB2 could initiate the addition of the SeNB3 for dual connectivity operation.


Figure1. signaling flow for option1
Option2：MeNB->MeNB+SeNB
In this option, when the MeNB1 makes decision to hand off the UE, the MeNB1 will release the SeNB1 firstly, the MeNB1 needs to initiate RRC Reconfiguration procedure to UE and Path Switch procedure to the MME（for UP Alt1）. Then the MeNB1 initiate X2-based HO procedure towards the MeNB2, the SeNB3 Addition procedure is executed during the inter-MeNB X2 HO preparation procedure.


Figure2. signaling flow for option2
Option3：MeNB+SeNB->MeNB
In this option, when the MeNB1 makes decision to hand off the UE, the MeNB1 will initiate X2-based HO procedure towards the MeNB2, the SeNB1 Release procedure between the MeNB1 and SeNB1 via the X2 interface is executed after the inter-MeNB X2 HO preparation procedure. After UE is handed over to the MeNB2, the MeNB2 could initiate the addition of the SeNB3 for dual connectivity operation.


Figure3. signaling flow for option3

Option4：MeNB+SeNB ->MeNB+SeNB
In this option, when the MeNB1 makes decision to hand off the UE, MeNB1 will initiate X2-based HO procedure towards the MeNB2, the SeNB3 Addition procedure between the MeNB1 and SeNB1 via the X2 interface is  executed during the X2 HO preparation procedure. The SeNB1 Release procedure between the MeNB1 and SeNB1 via the X2 interface is executed after the inter-MeNB X2 HO preparation procedure. 


Figure4. signaling flow for option4

Comparison table:
	Option
	1.MeNB->MeNB
	2.MeNB->MeNB+SeNB
	3.MeNB+SeNB->MeNB
	4.MeNB+SeNB ->MeNB+SeNB

	Mobility procedure
	1)Release of SeNB1
2)MeNB1->MeNB2 X2 HO
3)Addition of SeNB3 
	1) Release of SeNB1
2) MeNB1->MeNB2 X2 HO
3)SeNB3 Addition(executed during the X2 HO Preparation)
	1) MeNB1->MeNB2 X2 HO
2) SeNB1Release(executed after X2 HO Preparation for Alt1)
3) Addition of SeNB3 

Note: For Alt3, the Step2 procedure could be executed in parallel with step1.
	1) MeNB1->MeNB2 X2 HO
2) SeNB3 Addition(executed during the X2 HO Preparation)
3) SeNB1 Release(executed after X2 HO Preparation for Alt1)

Note: For Alt3, the Step3 procedure could be executed in parallel with step1.

	HO preparation delay
	2)=2*X2 interface delay
	2)+3)=4*X2 interface 

	1)+2)=4*X2 interface delay

	1)+2)+3)=6*X2 interface delay


	Signalling load over Uu
	3 *RRC Reconfiguration
	2* RRC Reconfiguration 
	2* RRC Reconfiguration
	1* RRC Reconfiguration

	Signalling load to the CN(for Alt1)
	3* Path Switch
	2* Path Switch 

	2* Path Switch
	1*Path Switch

	eNB impact
	More processing of signalling and traffic
	More processing of signalling and traffic
	More processing of signalling and traffic
	less processing of signalling and traffic

	Admission Limitation
	More MeNB resources are needed to admit the E-RABs
	E-RABs are distributed to the SeNB
	More MeNB resources are needed to admit the E-RABs
	E-RABs are distributed to the SeNB


According to the comparation table, the option1 and option2 introduce more signaling messages via the Uu and S1 interface compared to the option3 and option4 because the SeNB needs to be released first before the MeNB initiates the X2 HO.
Compared to the option4, there is less HO preparation delay and more signaling messages via the Uu and S1 interface for the option3. Generally the handover preparation time should be minimized in order to ensure a controlled handover from the source to the target cell, however, considering that only 2*X2 interface delay can be saved, however, the signalling load via the S1 and Uu interface is increased and more MeNB resources are needed to admit the E-RABs, it seems the advantage of option3 is not so significant. Therefore, the Option4 is a more flexible solution for mobility handling to support the dual connectivity.

Proposal2: It is proposed to perform the SeNB addition/Release during the X2 HO procedure for dual connectivity operation.
3	Conclusion
In this document, we discuss the mobility scenarios and signalling flow to support the dual connectivity operation, it’s proposed that:
Proposal1: The SeNB Addition/ SeNB Modification/SeNB Release procedure could be used to support intra-MeNB and inter-MeNB mobility scenarios.
Proposal2: It is proposed to perform the SeNB addition/Release during the X2 HO procedure for dual connectivity operation.
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