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1 Introduction

In previous 3GPP RAN2 meetings, potential procedures for radio resource configurations for dual connectivity operation were discussed. Meanwhile, some agreements were also captured in the technical report of small cell higher layer aspect [1]. In this contribution, according to [2], we investigate on the method of handling MeNB HO and SeNB change for dual connectivity operation in different eNB change scenarios. 
2 Discussion 
2.1 ENB change scenarios for dual connectivity
In the form of dual connectivity, inter-node radio resource aggregation is a potential solution for improving per-user throughput. This can be done by aggregating radio resources in more than one eNB for user plane data transmission. Depending on realization of this solution, signalling overhead towards the CN can potentially be saved by keeping the mobility anchor in the macro cell. In this contribution, it is assumed that the MeNB always acts as the mobility anchor by a UE. Meanwhile, the SeNB only provides additional radio resources for aggregation. If a UE moves in the network, MeNB HO and SeNB change will inevitably happen. Hence, the handling of MeNB HO and SeNB change for dual connectivity operation should be discussed.
Basically, 3 typical eNB change scenarios in the form of dual connectivity are depicted in Figure 1 as follows:
· Case a: ENB change happens between SeNB without MeNB change;
· Case b: HO happens between MeNB without SeNB change;
· Case c: Simultaneous MeNB change and SeNB change

· c1: Simultanous eNB change between 2 MeNBs and 2 SeNBs;

· c2: SeNB is released during MeNB HO;
· c3: SeNB is added during MeNB HO.

What worth mentioning is whether the SeNB change (change between 2 separate eNBs) can be classified into handover may face with different interpretations. However, this discrimination may not make any difference to the analysis on the signaling flow in the following sections. In Case a and Case c, ‘SeNB HO’ only stands for SeNB change. 
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Figure 1a: HO between SeNB w/o MeNB change        Figure 1b: HO between MeNB w/o SeNB change 
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Figure 1c: Simultaneous MeNB change and SeNB change (Case c1)
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Figure 1d: SeNB is released during MeNB HO (Case c2)
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Figure 1e: SeNB is added during MeNB HO (Case c3)

Figure 1: Typical eNB change scenarios in the form of dual connectivity
In the above mentioned eNB change scenarios, it is obvious that case a is the most common and important scenario in small cell enhancement. Therefore, case a should be given the highest priority when we consider eNB change and corresponding signaling flow. Hence, we give the following proposals:
Proposal 1: RAN2 is kindly suggested that in the above mentioned eNB change scenarios (case a, case b, case c1, case c2 and case c3) at least case a should be prioritised for dual connectivity in Release 12 small cell enhancement.
In the next section, the signalling flow of each scenario is analyzed. 
2.2 Signaling flow of eNB change for dual connectivity operation
1. Signaling flow in Case a:
As shown in Figure 1a, a UE moves out of the coverage of SeNB1 and moves into the coverage of SeNB2. In this scenario, the UE experiences SeNB change while the MeNB is unchanged. Before discussing the signaling flow in detail, it is necessary to clarify which procedure should we use for Case a. HO procedure and the combination of SeNB release + SeNB addition procedure are 2 most straightforward alternatives. 

If SeNB release + SeNB addition procedure is performed, for UP architecture 3C, MeNB maintains the data assigned to the SeNB. Hence, when SeNB1 is released, the buffered and in transit data of SeNB1 can be re-assigned to SeNB2 by MeNB. However, for UP architecture 1A, MeNB does not maintain the data assigned to the SeNB. In this case, the buffered and in transit data of SeNB1 has to be transmitted to MeNB via non-ideal backhaul first and then forwarded to SeNB2 via non-ideal backhaul. Hence, there will be a big low user throughput gap during SeNB change. In order to reduce this gap, data forwarding method in HO procedure should be reused in Case a. Figure 2 depicts the detailed signaling flow in Case a:
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Figure 2: The signaling flow of Case a
Below is a more detailed description of this Case a HO procedure:
0
A MEASUREMENT REPORT is triggered and sent to the MeNB. The MeNB makes decision based on MEASUREMENT REPORT and RRM information to change SeNB for the UE.

1
After the MeNB determines to change SeNB, it sends SENB RELEASE message to SeNB1 to inform SeNB1 the target SeNB (SeNB2) and begin to transmit buffered/in transit packets.

2  For U-plane architecture 1A, after receiving SENB RELEASE message from MeNB, SeNB1 sends the SN STATUS TRANSFER message to the SeNB2 only in core network splitting U-plane architecture. Meanwhile, the SeNB1 launches data forwarding to SeNB2 via X2 interface. For U-plane architecture 3C, there may be no SN status stored in the SeNB. Hence, step 2 is not necessary for this MeNB splitting U-plane architecture.

3  MeNB requests the SeNB2 to allocate radio resources by transmitting SENB ADDITION REQUEST message to SeNB2. 

4
After SeNB2 decides its RRM configuration, it provides the new radio resource configuration to the MeNB with SENB ADDITION COMMAND message. 

5
MeNB endorses the received configuration and transmits RRCConnectionReconfigurationComplete message to the UE to inform the release of SeNB1 and the new radio resource configuration of SeNB2.

6
After receiving the RRCConnectionReconfiguration message including the mobilityControlInformation , the UE stops the communication with SeNB1 and performs synchronisation to SeNB2.

7  After receiving the preamble from the UE, SeNB2 sends RAR to the UE.
8
When the UE has successfully accessed the target cell, the UE sends the RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover. The SeNB2 can now begin sending data to the UE.
2. Signaling flow in Case b:
As shown in Figure 1b, a UE moves out of the coverage of MeNB1 and moves into the coverage of MeNB2. In this scenario, the UE experiences MeNB HO while the SeNB is unchanged. The most straightforward method is to perform SeNB release + SeNB addition procedure during MeNB HO. However, the drawback of this method is similar to that of case a. Hence, it is proposed to optimize conventional HO procedure to handle case b. In comparison with conventional HO procedure, an additional path switch operation is needed for the involved SeNB. Figure 2 depicts the detailed signaling flow in Case b:
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Figure 3: The signaling flow of Case b
Below is a more detailed description of this Case b HO procedure:

0
A MEASUREMENT REPORT is triggered and sent to MeNB1. The MeNB1 makes decision based on MEASUREMENT REPORT and RRM information to hand off the UE.

1
The MeNB1 issues a HANDOVER REQUEST message to the MeNB2 passing necessary information (including SeNB configuration) to prepare the HO at the target side. Admission Control may be performed by the MeNB2 dependent on the received E-RAB QoS information to increase the likelihood of a successful HO, if the resources can be granted by MeNB2. The MeNB2 may also decide whether to keep using the serving SeNB as well as the traffic on it for that UE. 

2  The MeNB2 sends PATH SWITCH REQUEST message to the unchanged SeNB to inform that the UE has changed the MeNB (the PCell). This message may include necessary information to modify the radio resources at the SeNB. The content of the message is FFS.
3  The SeNB sends a corresponding PATH SWITCH REQUEST ACKNOWLEDGE to MeNB2 to confirm or reject the path switch request and the radio resource modification, respectively. The message may include a suggested radio resource configuration of the serving cell of SeNB. The content of the message can be FFS.
4
The MeNB2 prepares HO with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the MeNB1. This HANDOVER REQUEST ACKNOWLEDGE message includes a transparent container to be sent to the UE as an RRC message to perform the handover, which includes the radio resource configuration of both MeNB2 and SeNB. 

5
The MeNB1 transmits the HO command (the RRCConnectionReconfiguration message including the mobilityControlInformation) to the UE. 

6
The MeNB1 sends the SN STATUS TRANSFER message to the MeNB2 to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of E-RABs. Meanwhile, the MeNB1 launches data forwarding to MeNB2 via X2 interface. 
7
After receiving the RRCConnectionReconfiguration message including the mobilityControlInformation , the UE stops the communication with MeNB1 and performs synchronisation to MeNB2.

8  After receiving the preamble from the UE, MeNB2 sends RAR to the UE.
9
When the UE has successfully accessed the target cell, the UE sends the RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover. The MeNB2 can now begin sending data to the UE.
3. Signaling flow in Case c:

· Case c1:

In fact, Case c1 is the combination of conventional HO + Case a SeNB change. As depicted in Figure 1c, a UE moves out of the coverage of MeNB1/SeNB1 and moves into the coverage of MeNB2/SeNB2. In this scenario, the UE experiences simultaneous MeNB HO and SeNB change.
The only modifications to conventional HO + Case a SeNB change are the HO REQUEST message and SENB ADDITION REQUEST message. In Case c, HO REQUEST message should include the necessary information of target SeNB (SeNB2) to MeNB2. Meanwhile, SENB ADDITION REQUEST message is transmitted by the target MeNB (MeNB2) to SeNB2. Other main signaling flows in Case c are almost the same as conventional HO procedure and Case a SeNB change procedure.
Figure 4 depicts the detailed signaling flow in Case c1:
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Figure 4: The signaling flow of Case c1
· Case c2:

Case c2 can be handled by SeNB release + conventional MeNB HO, or conventional MeNB HO + SeNB release. The consequence of SeNB release and MeNB HO can be FFS.
· Case c3:

Similar to Case c2, Case c3 can be handled by SeNB addition + conventional MeNB HO, or conventional MeNB HO + SeNB addition. The consequence of SeNB addition and MeNB HO can be FFS.
Proposal 2: RAN2 is kindly suggested that the above signalling flows should be considered according to the priority in Release 12 small cell enhancement.
3 Conclusions
Based on the discussion, our proposals are provided as follows:
Proposal 1: RAN2 is kindly suggested that in the above mentioned eNB change scenarios (case a, case b, case c1, case c2 and case c3) at least case a should be prioritised for dual connectivity in Release 12 small cell enhancement.
Proposal 2: RAN2 is kindly suggested that the above signalling flows should be considered according to the priority in Release 12 small cell enhancement.
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