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1   Introduction
In RAN meeting #66, the new study item on extension of dual connectivity in E-UTRAN was agreed.  As described in [1], one objective of this study item aims at studying solutions for optimized inter-MeNB handover in DC, including:
·   Study solutions for the support of inter-MeNB handover without SeNB change.
·   Study solutions for the support of inter-MeNB handover with SeNB addition.
In this paper, we try to discuss the feasible solutions based on the above two aspects, and provide our opinions. 

2   Discussion
In Rel-12 DC, the following agreements on inter-MeNB handover were achieved in [2]:

·   In the handover preparation information the information about SCG bearers is included. 
·   Based on this information the target MeNB prepares the resources, then triggers the inter-MeNB handover and releases the SCG cells.

·   The source MeNB fetches the data from the source SeNB and performs the SeNB release.

·   The target MeNB does not support SeNB addition during inter-MeNB handover. 

In fact, during inter-MeNB handover, if the signal quality of the SeNB is good, the scenario keeping the SeNB unchanged during handover is possible. In this case, if the above existing procedure is reused, that means, the same SeNB should be released at first and then be added, which will bring a lot of unnecessary signalling overhead, which needs to be optimized. Likewise, the scenario with SeNB switch during inter-MeNB handover is also need to be optimized. 

Proposal 1: The optimized inter-MeNB handover without SeNB change and with adding a new SeNB is needed.
For optimized inter-MeNB handover in DC, no matter handover is without SeNB change or with SeNB addition, there is one issue needs to be resolved. 
Issue 1:  Which eNB is to determine whether SeNB needs to be changed during inter-MeNB handover?
Two possible solutions exist.
· Solution 1: Source MeNB decided.
· Solution 2: Target MeNB decided. 

Before the HANDOVER REQUEST message is triggered, source MeNB just know the resource configuration in SeNB, but it cannot know the resources usage in target MeNB. So if source MeNB decides whether SeNB needs to be changed, it can only make the decision based on the signal quality of SeNB reported by UE. However, in addition to know its own resources, target MeNB can also know the resource configuration in SeNB and the signal quality of SeNB. So target MeNB can consider more various factors to decide whether to change SeNB.
Proposal 2: Whether SeNB needs to be changed during inter-MeNB handover is decided by target MeNB. 
2.1   Inter-MeNB handover without SeNB change solution
Currently, UP architectures of DC only support 1A (named as SCG Bearer Option) and 3C (named as Split Bearer Option).
For 1A architecture, if the SeNB is unchanged during inter-MeNB handover, that means, the tunnel established between SeNB and SGW can be kept unchanged, as well as the radio link between UE and SeNB. Therefore, the SeNB is no need to perform DL and UL data forwarding during inter-MeNB handover for the unchanged SCG bearers. 
For 3C architecture, if the SeNB is unchanged during inter-MeNB handover, the radio link between UE and SeNB can be kept unchanged, but the tunnel established between SeNB and source MeNB should be changed to the one between SeNB and target MeNB. Therefore, SeNB is no need to perform DL data forwarding during inter-MeNB handover. But for UL, once SeNB completes the tunnel establishment with target MeNB, it can stop to send UL data to source MeNB, and start to send UL data to target MeNB. So the SeNB does not need to perform UL data forwarding during inter-MeNB handover for the unchanged split bearer.
Proposal 3: There is no need for SeNB to perform DL and UL data forwarding for the unchanged bearers during inter-MeNB handover without SeNB change.  
As mentioned above, target MeNB can know the resource configuration in SeNB after receiving HANDOVER REQUEST message from source MeNB. The resource configuration in SeNB includes bearer type used in SeNB, C-RNTI of this handover UE used in SeNB, DRB configuration used in SeNB, and so on. Once target MeNB decides SeNB is unchanged during handover, it should send an indication to SeNB, and also indicate SeNB which UE is switched from source MeNB to target MeNB. For 3C architecture, target MeNB should also exchange the tunnel related information with SeNB in order to establish the GTP tunnel between SeNB and target MeNB. 
Observation 1: During handover preparation, target MeNB should indicate SeNB that SeNB is unchanged, and also indicate SeNB which UE is switched. 
Currently, for the operation of SeNB, only SeNB addition/modification/release procedures are defined in standard. 

Issue 2:  Whether SeNB addition or modification procedure can be reused during inter-MeNB handover without SeNB change?
· SeNB addition procedure
The SENB ADDITION REQUEST message is sent from MeNB to SeNB, and several mandatory parameters are carried in this message, including MeNB UE X2AP ID, S1 UL GTP Tunnel Endpoint for 1A architecture, MeNB GTP Tunnel Endpoint for 3C architecture. 
The SENB ADDITION REQUEST ACKNOWLEDGE message is sent from SeNB to MeNB, and several mandatory parameters are carried in this message, including MeNB UE X2AP ID, SeNB UE X2AP ID, S1 DL GTP Tunnel Endpoint for 1A architecture, SeNB GTP Tunnel Endpoint for 3C architecture. 

The SeNB Addition Request procedure may fail if the SeNB detects duplicated UE context, e.g. the value of S1 DL GTP Tunnel Endpoint is the same as the one stored in the SeNB this may cause SeNB Addition Request failure. Therefore some enhancement is needed.
· SeNB modification procedure
The SENB MODIFICATION REQUEST message is sent from MeNB to SeNB, and this message is used to add/modify/release E-RABs in SeNB. Parameters MeNB UE X2AP ID and SeNB UE X2AP ID are mandatory in this message, which is used to identify a specific UE in the interface between SeNB and target MeNB.  
But during inter-MeNB handover without SeNB change, target MeNB cannot know SeNB UE X2AP ID used in SeNB before sending SeNB modification request message, unless SeNB or source MeNB tells target MeNB in advance.  Therefore some enhancement is also needed.
Proposal 4: Some enhancements are needed to support MeNB handover without SeNB change.
From a security perspective, in addition to the old key S-KeNB derived from source MeNB, SeNB also has a new key derived from target MeNB during inter-MeNB handover without SeNB changed. In order to guarantee the service continuity during handover, i.e. the UE keeps transmitting and receiving the data via SeNB during the handover procedure, the SeNB should keep the old key until receiving the data identified by using new key e.g. keys synchronization between UE and SeNB should be enhanced. 
Proposal 5: Whether the UE keeps transmitting and receiving the data via SeNB during the handover procedure needs to be decided. 
2.2   Inter-MeNB handover with SeNB addition solution
It was agreed in RAN2 #83bis that a UE is connected one MeNB and one SeNB in DC. So for inter-MeNB handover with SeNB addition, that means, UE should also handover from one SeNB to another SeNB. 
In this case, because both the MeNB and SeNB are changed, so UE needs to access to target MeNB and target SeNB separately during handover. It depends on the implementation whether UE access to target MeNB first or access to target SeNB first. 
During inter-MeNB handover with SeNB addition, after receiving the HANDOVER REQUEST message from source MeNB, target MeNB makes the decision on whether SeNB is changed, and if yes, which target SeNB is selected. 

Once deciding target SeNB, target MeNB will trigger the SENB ADDITIONREQUEST message to target SeNB in order to establish a UE context at target SeNB. Then target SeNB triggers source MeNB to perform source SeNB release.

For 1A architecture, source SeNB may support direct data forwarding and indirect data forwarding. For example, source SeNB may forward data to target SeNB directly, or source SeNB may forward data to target MeNB directly at first, then target MeNB forward the data to target SeNB, or source SeNB forwards data to target SeNB via source MeNB and target MeNB separately. 
For 3C architecture, if source SeNB supports direct data forwarding, the operation of DL and UL data are different. Source SeNB may forward DL data to target SeNB directly, then target SeNB send the data to UE. But after receiving the UL forwarding data from source SeNB, target SeNB will further forward the data to SGW via target MeNB. If source SeNB supports indirect data forwarding, the same UL data should be forwarded twice between target MeNB and target SeNB. 
The detailed procedure for inter-MeNB handover with SeNB addition as follows.
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Figure 1: Data forwarding for MeNB change with SeNB Addition

Proposal 6: During inter-MeNB handover with SeNB addition, direct data forwarding or indirect data forwarding or both should be decided by RAN3. 
3   Summary
In this paper, some feasible solutions for optimized inter-MeNB handover in DC are discussed and the proposals are:
Proposal 1: The optimized inter-MeNB handover without SeNB change and with adding a new SeNB is needed.

Proposal 2: Whether SeNB needs to be changed during inter-MeNB handover is decided by target MeNB. 
Proposal 3: There is no need for SeNB to perform DL and UL data forwarding for the unchanged bearers during inter-MeNB handover without SeNB change.  
Proposal 4: Some enhancements are needed to support MeNB handover without SeNB change.

Proposal 5: Whether the UE keeps transmitting and receiving the data via SeNB during the handover procedure needs to be decided. 
Proposal 6: During inter-MeNB handover with SeNB addition, direct data forwarding or indirect data forwarding or both should be decided by RAN3. 
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