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1 Introduction

In RAN2, handover is one of the most important issues in SCE. This paper aims to analyze the realization of MeNB handover, including scenarios and feasible solutions.
2 Discussion
2.1 Scenarios
In SCE, when UE is already in dual connectivity with (source) MeNB and SeNB, there could be three kinds of scenarios from MeNB point of view:

1) Scenario 1: the SeNB is not in the coverage of the target MeNB, as Fig 1 shows, i.e. the UE hands over from the connection to the source MeNB and the SeNB to the target MeNB only, which is a common scenario.
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Figure 1
2) Scenario 2: the SeNB is in the coverage of the source MeNB and the target MeNB, and the UE is in the coverage of the SeNB all along during the MeNB handover procedure, as Fig 2 shows. That means the UE hands over from the source MeNB to the target MeNB while the connection to the SeNB staying the same. Considering that many SeNBs being deployed on the edge of MeNB for increasing throughput, Scenario 2 is also a common one.
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Figure 2
3) Scenario 3: the (source) SeNB is on the edge of the source MeNB while there is a (target) SeNB on the edge of the target MeNB, the UE moves in the overlaping region, as Fig 3 shows. In this scenario, the UE may handover from the dual connectivity with the source MeNB and the source SeNB to the dual connectivity with the target MeNB and the target SeNB. This is a corner scenario because the possibility that UE is located within such small overlapping area is quite low. Hence the complicated handover procedure could not be prioritized studied.
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Figure 3
2.2 Solutions

2.2.1 Solution 1: MeNB handover while releasing SeNB firstly
It means that the source MeNB releasing the SeNB for the UE just before or during the MeNB handover procedure. After the handover, the (target) MeNB may add a SeNB for the UE based on RRM decision. More specifically, based on the legacy handover procedure:
· Handover preparation: When issuing the HANDOVER REQUEST message, the source MeNB should try to contain sufficient necessary information to the target MeNB for performing Admission Control. 
· If the resources can be granted by the target MeNB based on the received E-RAB QoS information, the target MeNB does the configuration of the admitting E-RAB(s) and responses the HANDOVER REQUEST ACKNOWLEDGE message to the source MeNB. 
· Handover Execution: The source MeNB sends the RRC Connection Reconfiguration message including the mobilityControlInformation which is generated by the target MeNB to the UE. When the UE receiving the message, it disconnects from the source MeNB cell and the SeNB cell, then synchronizes to the target MeNB, accesses the target cell via RA and applies the new configuration. After the successful access, the UE sends the RRC Connection Reconfiguration Complete message to the target MeNB to confirm the handover.
· Handover Completion: The target MeNB initiates the Path Switch Request procedure to MME to request the switch of a downlink GTP tunnel towards a new GTP tunnel endpoint. For UP Alt 1A, the Transport Layer address and GTP-TEID of the old offloading E-RAB(s) are switched from the SeNB to the target MeNB.
For UP Alt 3C, no data forwarding is needed for downlink. For uplink SeNB may delivered received PDCP PDU to MeNB. In that case following options can also be applied.

For UP Alt 1A, the data forwarding is more complicated. Specifically, there are three options about the data forwarding from the SeNB:

· Option 1: The SeNB sends the SN STATUS TRANSFER message and forwards data to the target MeNB via the source MeNB.


[image: image4.emf]s-MeNB SeNB t-MeNB

Forwarding Tunnel Setup Request

Forwarding Tunnel Setup Response

SN STATUS TRANSFER

Data Forwarding

SN STATUS TRANSFER

Data Forwarding

HO 

Execution


Figure 4
The source MeNB may setup the data forwarding tunnel(X2-U) only when the handover is triggered, e.g. the Forwarding Tunnel Setup Request/ Response in Fig 4. After the forwarding tunnel is successfully setup, the SeNB wouldn’t transfer data to the UE, while it should send the SN STATUS TRANSFER message and forward the data to the source MeNB for the offloading E-RAB(s). Then the source MeNB performs the legacy SN STATUS Report and data forwarding process to the target MeNB.
It can be seen that the earliest time when the source MeNB initiating the Forwarding Tunnel Setup could be just after making the handover decision and the SeNB forwarding the data to the source MeNB could be performed during the Handover preparation phase. Hence the disadvantage of this option is that if the target MeNB turn down the handover request (i.e. the handover is canceled) and the source MeNB decides to resume the original SeNB again for dual connectivity for the UE, there will be data forwarding to the SeNB once again. 

Therefore, in our view, the Forwarding Tunnel Setup and data forwarding between the source MeNB and the SeNB should be implemented after the source MeNB received the HANDOVER REQUEST ACKNOWLEDGE message. As a consequence, the time for the source MeNB forwards data of the offloaded E-RAB(s) to the target MeNB will be delayed by 2*(transmission time of X2 interface) compared to the legacy process. But it probably doesn’t matter too much because it will still run in parallel with the Uu interface i.e. handover execution.
· Option 2: The SeNB sends the SN STATUS TRANSFER message and forwards data to the target MeNB directly, and the X2 between the SeNB and the target MeNB is initiated by the target MeNB to setup.
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Figure 5
The process is shown as Fig 5. In order to enable setup X2 between target MeNB and SeNB, the source MeNB should include the transport layer address of the SeNB cell and offloaded E-RAB(s). Provided the offloaded E-RAB is admitted by the target MeNB, the target MeNB requests the SeNB to setup X2, and the request message could be sent parallel with the HANDOVER REQUEST ACKNOWLEDGE message. After the X2 is successfully setup, the SeNB wouldn’t transfer data to the UE but send the SN STATUS TRANSFER message and forward the data to the target MeNB
The advantage of this option is that the X2 Setup procedure is initiated by the target MeNB. So there will be neither back and forth data forwarding issue nor extra delay for the target MeNB receiving the forwarded data.
· Option 3: The SeNB sends the SN STATUS TRANSFER message and forwards data to the target MeNB directly, and the X2 between the SeNB and the target MeNB is initiated by the SeNB to setup.
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Figure 6
The process is shown as Fig 6 . The X2 Setup procedure could be initiated by the SeNB, that means the SeNB should receive the necessary information like the transport layer address of the target MeNB cell, the admitted E-RAB(s) ID and the corresponding UL/DL GTP Tunnel Endpoint allocated by the target MeNB by e.g.MeNB Handover Indication.The source MeNB could only send that X2-C message after receiving the HANDOVER REQUEST ACKNOWLEDGE message. Therefore, there won’t be back and forth data forwarding issue. But the extra delay for the target MeNB receiving the forwarded data is 3 * (transmission time of X2 interface).

Note that the need of Option 2 & 3 is that there must be interface between the target MeNB and the SeNB. While in fact, there may be no interface between those two nodes, especially in Scenario 1. 

2.2.2 Solution 2: MeNB handover while keeping SeNB
It means that the source MeNB provides sufficient information to the target MeNB so that the target MeNB could decide to use the same SeNB for continuing the dual connectivity for the UE. The AS configuration of the offloading UP resources in the SeNB could stay the same at least during the handover procedure, hence there could be even no interruption in those UP resources, especially for UP Alt 1A.

More specifically, based on the legacy handover procedure:

· Handover preparation: When issuing the HANDOVER REQUEST message, the source MeNB should not only provide the necessary information such like the information of all the E-RABs and the already known RRC Context to the target MeNB, but also the information of SeNB, e.g. the measurement result of the SeNB, transport layer address and/or GTP-U tunnel information of the SeNB.

· Basing on the received information, if the target MeNB admitted the handover and decided to use the same SeNB to continue the dual connectivity for the UE, the target MeNB builds the configuration of  admited E-RAB(s) and setup X2 interface to the SeNB for the subsequent coordination work. Besides, the X2 Setup Request message sent by the target MeNB is also useful for notifying the SeNB that the node of MeNB role is going to handover. The target MeNB does not need to delay responding the HANDOVER REQUEST ACKNOWLEDGE message to the source MeNB. 

· Handover Execution: The source MeNB sends the RRC Connection Reconfiguration message to the UE to execute the handover. According to the information in the container stated above, the UE’s behaviour would be two options:

· Option 1: the UE would disconnect from the source MeNB cell and SeNB cell, then synchronize to the target MeNB cell and the original SeNB cell, access those cells via RACH, i.e. the UE apply the whole new configuration as the legacy specification. 
· Option 2: the UE would disconnect from the source MeNB cell, then synchronize to the target MeNB cell, access the target cell via RACH procedure, while holding the connection with the SeNB constantly. In other words, the UE applies the new configuration of the logical channels of target MeNB, while keeping the configuration of the logical channels of the SeNB constantly. Therefore, at the Handover Execution phase, the UE could communicate with the SeNB continuously.

After the successful access to the target cell, the UE sends the RRC Connection Reconfiguration Complete message to the target MeNB to confirm the handover. Furthermore, since the SeNB is kept in this solution, there is no need for the SeNB to forward data to the target MeNB.
· Handover Completion: The target MeNB initiates the Path Switch Request procedure to MME to request the switch of a downlink GTP tunnel towards a new GTP tunnel endpoint. Since the SeNB does not change, the Transport Layer address and GTP-TEID of the old offloading E-RAB(s) don’t need to be switched for 1A.

The whole procedure could be illustrated as Fig 7.
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Figure 7
It can be seen that this solution has some benefit for UP Alt 1A, because there is no UP interruption. However, the precondition of this solution is that there must be X2 interface between the MeNB(both source and target) and the SeNB, and it is only feasible to Scenario 2.
3 Conclusion
This paper lists three typical SCE scenarios related to MeNB handover and states two kinds of solutions, taking the feasibility into the main consideration, we propose:
Propoal1: Solution 1 is approved and corresponding data forwarding option1 is adopted
Proposal2: RAN2 is kindly asked to discuss whether solution2 is needed or not.
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