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Introduction
We provide a paper about the scenarios of MeNB handover in 20.1. Basing on the conclusion in that, we aim to analyze the realization of MeNB handover in this contribution, i.e. the feasible solution(s) for the prioritized scenarios.
Discussion of Solutions
The problem is for the common scenarios[1], how to realize the procedure of MeNB handover? In our view, the solutions can be divided into two kinds from the perspective of SeNB’s statement:
· Solution1: MeNB handover while releasing SeNB firstly;
· Solution2: MeNB handover while keeping SeNB.
We will provide the more detailed analysis about those two solutions in the following.
Solution 1
Solution1: 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. For example, the message should include all the E-RABs in the E-RABs To Be Setup List no matter wether the E-RAB is offloading/ splitting to the SeNB. And for the RRC Context IE, if the source MeNB already has the configuration of the UP resources in the SeNB, the message should include the whole RRC Context, otherwise it could contain the configuration just of the resources in the source MeNB.
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. According to the information contained in the request message and the configuration result in the target MeNB, the AS-configuration to be used in the target cell could either be specified independently (i.e. an "establishment") or as a delta compared to the AS-configuration used in the source cell (i.e. a "reconfiguration").
· 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 detaches 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.
As mentioned above, the radio command of releasing the SeNB and handing over to the target MeNB is indicating to the UE through one RRC message, i.e. RRC Connection Reconfiguration message. That is a optimized option, for minimizing signalling load and UP interruption mostly.
· 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.
Particllarly, for UP Alt 3C, it’s only need a message from the source MeNB to indicate the releasing to the SeNB in Handover preparation phase. But for UP Alt 1A, the process is more complicated. Specifically, there is 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.


Figure 1
The process is as Fig 1 showns. When the source MeNB offloads E-RAB(s) to the SeNB, the two nodes could have X2-C between for some necessary functions to cooperate well. Therefore, the source MeNB may setup the data forwarding tunnel(X2-U) only when the handover is needed, e.g. the Forwarding Tunnel Setup Request/ Response in Fig 1. 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) which PDCP status preservation applies. Then the source MeNB performs the legacy SN STATUS Report and data forwarding process to the target MeNB.
It can be seen that the process that the SeNB sending the SN STATUS TRANSFER message and forwarding the data to the source MeNB could be performed in the Handover preparation phase, and the precise executing time could be decided by the source MeNB, trying the best to minimizing the UP interruption and avoiding the delay of forwarding data to the target MeNB. 
· 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.


Figure 2
The process is as Fig 2 showns. In order the target MeNB to setup X2 with the SeNB, the source MeNB should include the identification of the SeNB cell and corresponding which E-RAB(s) was offloading to it at least. Provided one offloading E-RAB is admitted by the target MeNB, the target MeNB requests the SeNB to setup X2, and the request message could be sent paralleled with the HANDOVER REQUEST ACKNOWLEDGE message. After the X2 is successfully setup, the SeNB wouldn’t transfer data to the UE(i.e. awaring of the releasing), and should send the SN STATUS TRANSFER message and forward the data to the target MeNB for the admitted E-RAB(s) which PDCP status preservation applies.
· 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.


Figure 3
The process is as Fig 3 showns. The X2 Setup procedure could also be initiated by the SeNB, that means the SeNB should receive the necessary information like the identification of the target MeNB cell, the admitted E-RAB(s) ID and the corresponding UL/DL GTP Tunnel Endpoint allocating by the target MeNB from the source MeNB. It can be seen that the source MeNB could only send that X2-C message after receiving the HANDOVER REQUEST ACKNOWLEDGE message, which is a little later then the option represented above(Fig 2). 
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[1]. And even the interface does exist, the forwarding tunnel maybe no use any long after the data forwarding is finishing in this solution.
Considering that Option 1 is feasible to all kinds of scenarios and the delay is not serious, we have the following proposal:
Proposal 1: Adopting Option 1 when there is need of  the SeNB forwarding the data of the offloading E-RAB(s) to the MeNB.
Above all, the Solution 1 is feasible to the common scenarios, however, for Scenario 2[1] with UP Alt 1A, if the target MeNB still decides to offload the UE’s data to the original SeNB after the handover procedure, there will be many redundancy UP interruption and increased signalling load to CN.
Solution 2
Solution2: 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 at least for a while after the handover(or not). 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 as represented in Solution1 to the target MeNB, but also the information of dual connectivity, e.g. SCG ID, the measurement result of the SCG, DL Forwarding in the SeNB for the splitting E-RAB for UP Alt 3C.
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 does the configuration of its own admitting E-RAB(s) (for the splitting E-RAB in UP Alt 3C, the configuration is only aiming to the target MeNB’s own part) 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 responsing the HANDOVER REQUEST ACKNOWLEDGE message, which including the RRC container(containing the configuration of both the target MCG and the original SCG or the target MCG only plus holding the connection with the SCG indication) to the source MeNB, for initiating the X2 Setup procedure with the SeNB. 
· Handover Execution: The source MeNB sends the RRC Connection Reconfiguration message to the UE to command it to execute the handover. According to the information in the container stated above, the UE’s behavior would be two options:
· Option 1: the UE would detach from the source MeNB cell and SeNB cell, then synchronize to the target MeNB cell and the original SeNB cell, access those cells via RA, i.e. the UE apply the whole new configuration as the legacy specification. 
· Option 2: the UE would detach from the source MeNB cell, then synchronize to the target MeNB cell, access the target cell via RA, while holding the connection with the SeNB constantly. In other words, the UE applies the new configuration only of the E-RAB(s) which would transfered with the target MeNB, while keeping the configuration of the UP resources associated with the SeNB constantly. Therefore, at the Handover Execution phase, the UE could communicating 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.
The whole procedure could be illustrated as Fig 4.


Figure 4
It can be seen that this solution has some benefit for UP Alt 1A, because there is no UP interruption and less signalling load impact to CN. However, the premise 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[1].
Conclusion
This paper states two kinds of solutions for the prioritized scenarios provided in [1], taking the feasibility into the main consideration, we prefer Solution 1 and Option 1 for data forwarding.
Proposal 1: Adopting Option 1 when there is need of  the SeNB forwarding the data of the offloading E-RAB(s) to the MeNB.
Proposal 2: RAN3 could focus on Solution 1 for futher studying.
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