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1. Introduction
At the RAN#66 plenary meeting, a new study item on Extension of Dual Connectivity in EUTRAN was approved  [1]. One of the objectives of the study item is as follows:
	Study solutions for the support of inter-MeNB handover without SeNB change, and handover with SeNB Addition (retaining the MeNB’s role).


The procedure for the “MeNB to MeNB handover” was decided in RAN2 not to be supported in Rel-12, i.e., the SeNB should be released upon inter-eNB handover. On the other hand, Rel-12 Dual Connectivity has already specified the two procedures for the “MeNB to eNB change” performed in case of inter-eNB handover and  the “Intra-MeNB change involving SCG change” performed in case of retaining the MeNB’s role [2], which could be considered as a baseline of Rel-13 study. 
In this paper, we discuss on for alternatives of high-level procedure design to support the “inter-MeNB handover without SeNB change”, based on the Rel-12 procedures. 
2. Discussion
2.1. Working Assumption
First of all, it should be clarified what “without SeNB change” stated in the SID is. We assume it implies different requirements from different perspectives;  
UE configuration perspective; 
According to the “intra-MeNB change involving SCG change” in Rel-12, the UE could be reconfigured by one RRC Connection Reconfiguration message without SCG configuration release, which means the handover without SeNB change has already supported only in intra-eNB case from the UE point of view. For the inter MeNB handover case in Rel-13, the statement “without SeNB change” can be interpreted as a single RRC Connection Reconfiguration including SeNB setup without SCG configuration release during the inter-eNB handover procedure. 
Observation 1: A single RRC Connection Reconfiguration may be involved during the inter-MeNB handover procedure.
SeNB configuration perspective;  

In the "MeNB to eNB change” procedure in Rel-12, SeNB resources are  released before the UE is handed over to the target eNB. After the “MeNB to eNB change” procedure is complete, the target eNB may establish dual connectivity using the SeNB Addition Preparation procedure. So, it is considered that a possible procedure for the inter-MeNB handover without SeNB change in Rel-13 may involve the SeNB Addition Preparation procedure during the Handover Preparation (see below Figure 1). 
Instead, if we refer to ”intra-MeNB change involving SCG change” as a baseline for Rel-13,  the SeNB Modification Preparation procedure may be involved during the Handover Preparation (see below Figure 2Figure 4). However, since the Rel-12 procedure assumed to be performed within an eNB, it’s not clear which MeNB initiates the SeNB Modification Preparation procedure, i.e. the source-MeNB or the target-MeNB (see also below ). Additionally since the Rel-12 procedure does not consider the interaction with the Handover Preparation procedure, it’s also FFS when the SeNB Modification Preparation procedure should be initiated.
Observation 2: Either the SeNB Addition Preparation or the SeNB Modification Preparation may be used for the SeNB configuration during the inter-MeNB handover. 
Observation 3: If the SeNB Modification Preparation is involved during the inter-MeNB handover, it’s not clear which/when MeNB should initiate the procedure. 

2.2. High-level design alternatives
Alt 1: Extension of MeNB to eNB change

The target MeNB has a responsibility to make the final RRC configuration for the RRCConnectionReconfiguration message. In the current MeNB to eNB change procedure, the target MeNB set the SCG Configuration to release in the Target eNB To Source eNB Transparent Container. This is included in the HANDOVER REQUEST ACKNOWLEDGE message (step 3 in Figure 1).
For not changing the SeNB during inter-MeNB handover procedure in Rel-13, the target MeNB may make the SCG Configuration to setup and fill the appropriate configurations as the HANDOVER REQUEST ACKNOWLEDGE message.  For this reason, it may be a simple extension that the SeNB Addition procedure (step 2) is initiated before sending HANDOVER REQUEST ACKNOWLEDGE to the source MeNB 
The source MeNB should not initiate SeNB Release procedure (step 4) until the target MeNB sends HANDOVER REQUEST ACKNOWLEDGE  since there is a possibility that the target MeNB rejects the handover request. After receiving the acknowledge, the source MeNB initiates the SeNB Release procedure towards the SeNB .
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Figure 1: Alt 1
Alt 2: Extension of Intra MeNB change involving SCG change 

The intra-MeNB change involving SCG change may also be a candidate procedure to be enhanced for the inter-MeNB handover without SeNB change. In the current intra-MeNB change procedure, the MeNB initiates the SeNB Modification Preparation procedure towards the SeNB.
Considering the inter-MeNB handover case, it is not crystal clear which MeNB (i.e. either the source MeNB or the target MeNB) initiates the SeNB Modification Preparation procedure.  Additionally, when the MeNB initiates the SeNB Modification Preparation procedure is also FFS, since the current SeNB Modification Preparation procedure did not assume interaction with the Handover Preparation procedure. Based on the FFSs, the 3 alternatives can be considered, as shown in (Alt 2-1. Alt 2-2 and Alt 2-3) below. 
In addition, it’s a common issue for each alternative how the source MeNB has the final RRC configuration before step 4 in each alternative in order to facilitate the inter-MeNB handover with a single RRCConnectionReconfiguration message. Therefore, for example, it will have to be discussed how to exchange the necessary information (e.g. SCG-configInfo, SCG-config) and negotiate for the configuration once Alt 2 is selected.
Alt 2-1: Source MeNB-initiated SeNB Modification in parallel with Handover Preparation 
In this alternative, the source MeNB initiates the SeNB Modification Preparation procedure during the Handover Preparation procedure. It may be initiated in parallel with the handover request (step 1 and 2 in Figure 2).
To send the final RRC message towards the UE in step 4, the source MeNB may need to obtain the necessary information in step 2 or 3.  
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Figure 2: Alt 2-1
Alt2-2: Source MeNB-initiated SeNB Modification following Handover Preparation
In this alternative, the source MeNB initiates the SeNB Modification Preparation procedure after receiving the HANDOVER REQUEST ACKNOWLEDGE, which allows the source MeNB to initiate the SeNB Modification Preparation procedure (step 3 in Figure 3). 
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Figure 3: Alt 2-2
Alt2-3: Target MeNB-initiated SeNB modification
In this alternative, the target MeNB initiates the SeNB Modification Preparation procedure (step 2 in Figure 4) after the MeNB receives the HANDOVER REQUEST indicating the inter-MeNB handover (step 1). After completion of the SeNB Modification Preparation procedure, the target MeNB sends the response of the handover request to the source MeNB, which includes the RRC configuration for the UE (step 3).
Note that, in case where the target MeNB initiates the SeNB Modification Preparation procedure, it could be initiated before sending HANDOVER REQUEST ACKNOWLEDGE message as well as the same reason of Alt 1 (step 2 in Figure 4). 
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Figure 4: Alt 2-3
2.3. Initial evaluation

The initial evaluation for each alternative is provided in Table 1. 
Table 1: Initial evaluation table
	
	Alt 1
	

Alt 2

	
	
	Alt 2-1
	Alt 2-2
	Alt 2-3

	Specification impacts
	Handover Preparation
	May need extension, e.g., to inform of inter-MeNB HO.
	May need extension, e.g., to inform of inter-MeNB HO.
	May need extension, e.g., to inform of inter-MeNB HO.
	May need extension, e.g., to inform of inter-MeNB HO.

	
	SeNB Addition/ Modification Preparation
	-
	May need extension for MeNB change.
	May need extension for MeNB change.
	May need additional functionality for MeNB change.

	
	Interaction between procedures
	Need. 
	May need. 
	Need. 
	Need. 

	UE impacts
	RRC Reconfiguration
	Single 
	Single
	Single
	Single

	Performance potentials
	Make-before-break
	May be done. 
	-
	-
	-

	
	Data forwarding
	-
	May be optimized, e.g., direct data forwarding. 
	May be optimized, e.g., direct data forwarding.
	May be optimized, e.g., direct data forwarding.

	
	Transactions towards RRC Reconfiguration
	At least 4 steps. 
(3 steps may be possible by parallel transaction) 
	At least 3 steps. 
(2 steps may be possible by parallel transaction)

FFS how many steps for the final RRC config.
	At least 3 steps. 

FFS how many steps for the final RRC config.
	At least 3 steps. 

FFS how many steps for the final RRC config.


The simplest extension may be Alt 1, although the other alternatives may have potential to optimize the inter-MeNB handover procedure. However, the pros and cons can be foreseen in all alternatives, just from the view point of RAN3. In addition to the RAN aspects, Rel-12 had not fixed some issues related to the other WGs, e.g., SA3 [3]

 REF _Ref410200494 \n \h 
[4]. Therefore, RAN3 is kindly asked to discuss the optimal solution under coordination with the other WGs. 
Proposal 1: RAN3 is kindly asked to consider the above alternatives to support inter-MeNB handover without SeNB change.
3. Conclusions

In this paper, we discuss the three alternatives to support inter MeNB handover. RAN3 is kindly asked to discuss and agree on the following proposals; 

Observation 1: A single RRC Connection Reconfiguration may be involved during the inter-MeNB handover procedure.
Observation 2: Either the SeNB Addition Preparation or the SeNB Modification Preparation may be used for the SeNB configuration during the inter-MeNB handover. 

Observation 3: If the SeNB Modification Preparation is involved during the inter-MeNB handover, it’s not clear which/when MeNB should initiate the procedure. 

Proposal 1: RAN3 is kindly asked to consider the above alternatives to support inter-MeNB handover without SeNB change.
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