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1 Introduction 
RAN2 has agreed on architectural options for the control (C-) and user (U-) planes for dual connectivity. It was decided to use single RRC anchored at the MeNB for C-plane and Options 1A and 3C were selected for the U-plane. RAN#82 has decided to use X2 for both the control and user plane and agreed on X2 functions which will be enabled by either existing or to be defined X2-AP procedures [1]. 
RAN3 has further agreed on baseline signalling flow for addition of SeNB [2]. In this document, we discuss the other scenarios for UE handover and alternative options.
2 Discussion
The following scenarios for the change of MeNB and SeNB can occur due to UE mobility and changes in channel conditions:

1. SeNB Addition/Modification
2. MeNB Change
3. MeNB and SeNB Change
SeNB Addition/Modification is already captured for both U-plane Options 1A and 3C in [2]. The main functionality needed is new X2-AP messages SeNB Addition/Modification Request sent from the MeNB and Response received from the SeNB. 
In addition, a SeNB Addition/Modification Complete message may be needed after the RRC Configuration is completed at the MeNB and the UE performs synchronization with the SeNB. For SeNB addition, the message could be sent by either SeNB or MeNB depending on the order of order of RRC completion and synchronization. 
MeNB change corresponds to Handover since the RRC is anchored at the MeNB. One fundamental issue is how to handle SeNB operation during MeNB Handover. There are two main options:
A. Release all SeNB resources (via SeNB Modification above); perform MeNB HO and target MeNB decides on a new dual connectivity decision and configuration.

B. Maintain UE connectivity to SeNB with the current configuration and target MeNB decides whether to reconfigure dual connectivity.
Option A is relatively simpler and it can be accomplished by the SeNB modification in [2] followed by the regular MeNB handover. However, this option is less optimal for performance since it causes data interruption at the SeNB which may not be necessary if the UE is still in good coverage of SeNB. Such cases can occur when SeNB is deployed at the intersection of the coverage of two MeNBs. Therefore, it is beneficial to investigate the cost and benefits of this option.
Proposal 1: RAN3 to investigate maintaining connectivity to the same SeNB during MeNB Handover

The Scenario 3 corresponds to when both MeNB and SeNB are changed simultaneously. This is only useful if the MeNB/SeNB boundaries are same for both the source and target pair. In other cases, MeNB and SeNB can be changed sequentially. This scenario is less likely to happen in a deployment and hence is not considered here.

In the remainder, we discuss Option B. The main difference here from a regular X2 handover is that SeNB information (including UE context at the SeNB) should be sent in the HO REQUEST and SeNB should be “transferred” to the target MeNB at some point during the HO. The first issue is stage-3 and mostly defining new IEs to carry the dual connectivity information.

For the second issue regarding the timing of SeNB transfer, there could be three options as shown in Figure 1. These basically correspond to do the SeNB Transfer:

1. Beginning of MeNB HO
2. After RRC Reconfiguration 

3. After MeNB HO is complete 
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Figure 1 MeNB Handover with SeNB Transfer
In Option 1, the target MeNB performs SeNB Transfer and then responds to the source MeNB. One issue here is that the transfer is done before the HO is successfully completed so if the MeNB HO fails, this transfer needs to be cancelled by the target MeNB as well. Another issue is regarding data forwarding for the SeNB bearers for U-plane 3C. After SeNB Transfer, the SeNB will send UL data packets for these bearers to the target MeNB. For the DL path, it can continue to receive them from the source MeNB. However, this is problematic since it allows dual connectivity with two MeNBs. An alternative is for the source MeNB stop forwarding data to the SeNB as soon as HO Request is sent or after SeNB Resource Release Request is received from the SeNB. However, this causes data interruption at the SeNB during MeNB handover which can be prevented in the other options.
In Option 2, the SeNB transfer is done after both RRC Reconfiguration Complete and SN Status Transfer are received by the target eNB. Until this time, the uplink data packets received by SeNB are sent to the core network by the source MeNB similar to the MeNB only bearers. The data forwarding from the source to target MeNB will include all the bearers including the ones served by SeNB. Therefore, the advantage here is that handling of bearers for data forwarding is same for both MeNB only and dual connectivity bearers and for the latter one, there is less data interruption compared to Option 1.
In Option 3, the SeNB transfer is done after the MeNB handover is complete. This makes MeNB handover and SeNB transfer more decoupled and, for U-plane 3C, is consistent with the fact that the MeNB is the “gateway” to the core network and therefore SeNB transfer should happen after MeNB change. The disadvantage is that the data packets for the SeNB bearers need to be forwarded by the source MeNB even after SN Status Transfer is sent. This requires a change in the current procedure since source MeNB freezes its PDCP SN allocation after SN Status Transfer and forwards all uplink data to the target MeNB. Therefore, separate procedures for the MeNB only and dual connectivity bearers are required at the MeNB
As discussed above, the three options have different impacts on handling of the dual connectivity bearers, especially for Option 3C. Based on this, assuming RAN3 agrees on maintain SeNB connectivity during MeNB handover, we propose that:
Proposal 2: Investigate the SeNB transfer options for MeNB Handover and select one of the Options above
3 Conclusions

In this contribution, we discussed the Handover scenarios for dual connectivity and in particular MeNB Handover while maintaining SeNB connectivity. We propose that:

Proposal 1: RAN3 to investigate maintaining connectivity to the same SeNB during MeNB Handover
Proposal 2: Investigate the SeNB transfer options for MeNB Handover and agree on one of the Options above
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