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1, Introduction
As the outcome of Study on Small Cell Enhancements from higher layer aspects, a conceptual solution of dual connectivity was studied to address the challenges on per-user throughput enhancement, mobility robustness and increased signalling load. Control and user plane protocol architecture enhancements were also studied to realise this potential solution. As a followed-up, a Work Item is created [1].
In the form of dual connectivity, a given UE attaches to two different eNBs (i.e. Master and Secondary eNBs) while in RRC_CONNECTED. This means there are two eNBs serving the UEs simultaneously, which imply two source eNBs for the concerning UEs. However, according to the existing handover principle and mechanism there is only one single source eNB involved in the handover phases including handover preparation, handover execution and handover completion. Therefore, there seems some unclarity with respect to handover principle with the dual connectivity. In addition, data forwarding function, as an important mechanism during the handover, may be impacted by different user plane architectures and need further clarifications. In this contribution, we try to clarify these principles of the handover.
2, Discussion
2.1, Handover decision maker
According to the current handover procedures, there should be only one source eNB which is responsible to handle all necessary steps for handover procedures for UEs in ECM-CONNECTED, like processes that precede the final HO decision on the source network side (control and evaluation of UE and eNB measurements taking into account certain UE specific area restrictions), requesting the preparation of resources on the target network side, commanding the UE to the new radio resources and finally releasing resources on the (old) source network side as well as containing mechanisms to transfer context data between evolved nodes, and to prepare for a potential handover failure handling (including a re-establishment to the source eNB). While, as mentioned above, dual connectivity is the operation where a given UE consumes radio resources provided by at least two eNBs (Master and Secondary eNBs, i.e. MeNB and SeNB) connected with non-ideal backhaul while in RRC_CONNECTED. In the form of dual connectivity, both eNBs (MeNB and SeNB) serve a particular UE simultaneously, which means two source eNBs from network operation point of view. Hence, it is not crystal clear whether both MeNB and SeNB can make handover decision, e.g. selecting the handover target, initiating handover procedures and performing data forwarding.
As per the selected control plane architectures for dual connectivity[2], as the following figure 2.1-1, 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 this contexts, the MeNB should be responsible for the handover decision making towards the concerning UEs.
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Figure 2.1-1: Radio Interface C-plane architecture alternative for dual connectivity
Besides, in the SI phase, it was assumed that there will be only one S1-MME Connection per UE and it was further agreed that in dual connectivity Master eNB refers to the eNB which terminates at least S1-MME and therefore act as mobility anchor towards the CN. Therefore, it is the MeNB that should be responsible for handling the UE specific S1-MME procedures and messages towards the CN. In other words, the SeNB will not handle the UE specific S1-MME procedures and messages towards the CN. Currently it is FFS what the mobility scenarios and signalling flows of the mobility are, however, it is most likely in some scenarios the UE specific S1-MME procedures and messages towards the CN will be required and involved. In this sense, it seems straightforward that the MeNB should be the handover decision maker towards the CN. 
Furthermore, from network operation point of view, it seems simple that only MeNB owns the functions of managing the mobility support for UEs in ECM-CONNECTED. Otherwise, if both MeNB and SeNB can manage the mobility for the concerning UEs, then it may result in unnecessary complexity. E.g. a possible case is that both the MeNB and SeNB initiate the Handover procedure simultaneously towards different targets for a particular UE, and this may lead to unnecessary confusion and mistake for the UE.
During the SI phase, there was no much discussion on this aspect whether SeNB can manage the handover for UEs in connected in dual connectivity, while in order to make it crystal clear and avoid potential unclarifity, we propose to explicitly specify that only the MeNB has such function.

Proposal 1: Only MeNB owns the function of managing the handover as the source eNB for UEs in connected and operated in dual connectivity.
Proposal 2: The SeNB should not initiate a handover as the source eNB for UEs in connected and operated in dual connectivity.
2.2, Data forwarding function in SeNB
Data forwarding function can minimise service interruption during a handover. According to current handover procedure, upon handover and dependent on respective E-RAB characteristics, the source eNB may forward in order to the target eNB all downlink PDCP SDUs with their SN that have not been acknowledged by the UE. In addition, the source eNB may also forward without a PDCP SN fresh data arriving over S1 to the target eNB. The source eNB discards any remaining downlink RLC PDUs. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB. For the uplink, there is a similar process.
As per the selected user plane architectures for dual connectivity i.e. Alternative 1A and Alternative 3C, as the following figure 2.2-1 and 2.2-2, respectively. 
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Figure 2.2-1: Alternative 1A                                     Figure 2.2-2: Alternative 3C

In case of UP option 3C the SeNB only process the RLC SDU and RLC PDU. Since the MeNB manages the PDCP layer including the PDCP SDU and PDCP PDU handling, in case of SeNB change, the MeNB can handle all the data forwarding function. Besides, thanks to the ability of the MeNB to transmit data for the split bearers the service interruption is limited even minimum. This means that no data forwarding between SeNBs is required.
,In case of UP option 1A the Both MeNB and SeNB separately manages the respective PDCP layers including the PDCP SDU and PDCP PDU handling for the respective E-RABs. Therefore, in case of SeNB change, in order to minimize the service interruption for respective E-RAB characteristics, it is beneficial for the SeNB to support the data forwarding between SeNBs and between SeNB and MeNB.

Proposal 3: The SeNB in Alternative 1A should support the data forwarding between SeNBs and between SeNB and MeNB in case of mobility for UEs in connected.

3, Summary and proposals

In this contribution, we try to discuss the principles related to the handover in the context of dual connectivity, including the handover decision making and data forwarding function. Based on the analysis, we have the following proposals:
Proposal 1: Only MeNB owns the function of managing the handover as the source eNB for UEs in connected and operated in dual connectivity.

Proposal 2: The SeNB should not initiate a handover as the source eNB for UEs in connected and operated in dual connectivity.
Proposal 3: The SeNB in Alternative 1A should support the data forwarding between SeNBs and between SeNB and MeNB in case of mobility for UEs in connected.
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