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1   Introduction
A new SI on extension of dual connectivity in E-UTRAN has been approved since RAN#66 plenary. According to SID [1], study solutions for the support of inter-MeNB handover without SeNB change and handover with SeNB Addition are needed besides study how SIPTO in the dual connectivity can be supported, study the requirements and solutions for location reporting enhancements, support of CSG and LIPA for dual connectivity, and other enhancement or optimization, e.g. UE-AMBR coordination, X2-UP flow control between MeNB and SeNB. This contribution focuses on analyzing the necessity of enhancement of inter-MeNB handover without SeNB change and handover with SeNB Addition by comparing the legacy solution with enhanced solution. 
2   Discussion
2.1   Inter-MeNB handover without SeNB change
The scenario is assumed to happen when the UE handovers between MeNB coverage areas, where an SeNB spans across the overlapping area of the MeNBs. The UE has dual connectivity to S-MeNB and SeNB before handover, and has dual connectivity to T-MeNB and SeNB after handover, as shown in Figure 2.1-1. The likelihood of the mobility scenario is high. 
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Figure 2.1-1: Scenario of inter-MeNB handover without SeNB change
Actually, according to the Rel-12 dual connectivity in the WI [2], it can work for the inter-MeNB handover without SeNB change. But UE is required to revert back to single connectivity firstly (i.e. S-MeNB+SeNB -> S-MeNB), and then recovery to dual connectivity (i.e. T-MeNB -> T-MeNB +SeNB). Figure 2.1-2 shows the signalling flow of the legacy solution for the inter-MeNB handover without SeNB change. 

[image: image2.emf]UE S-MeNB T-MeNB SeNB MME

1. Handover Request

2. Admission 

Control

15. SeNB Addition

Acknowledge

3. Handover Request

Acknowledge

9. SN Status Transfer

Data Forwarding

6. Synchronization

7. RRCConnectionReconfigurationComplete

10. Path Switch Request

11. Path Switch Request Acknowledge

12. UE Context Release

4. SeNB Release Request

5. RRCConnection

Reconfiguration

8. SN Status Transfer

Data Forwarding

13. UE Context Release

14. SeNB Addition

Request

16. RRCConnectionReconfiguration

17. RRCConnectionReconfigurationComplete

18. SeNB Reconfiguration

Complete

20. SN Status Transfer

Data Forwarding

21. E-RAB Modification Indiction

22. E-RAB Modification Confirmation

19. Random Access Procedure

 
Figure 2.1-2: Signalling flow of the legacy solution for inter-MeNB handover without SeNB change
1         S-MeNB issues a HANDOVER REQUEST message to T-MeNB passing necessary information to prepare the HO at the target side. 
2         T-MeNB performs admission control dependent on the received E-RAB QoS information of S-MeNB.
3         T-MeNB responses the HANDOVER REQUEST ACKNOWLEDGE to S-MeNB.
4         The S-MeNB sends SENB RELEASE REQUEST message to SeNB to initiate the release of the resources for the UE. 
5         S-MeNB sends RRCConnectionReconfiguration message towards the UE to trigger the UE to apply the new configuration. Upon receiving the new configuration, the UE releases the entire SCG configuration.
6         The UE performs synchronisation to the cell of T-MeNB and accesses the target cell via RACH. 
7         The UE sends the RRCConnectionReconfigurationComplete message to T-MeNB.
8/9      SeNB sends the SN STATUS TRANSFER message to S-MeNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of E-RABs for which PDCP status preservation applies. S-MeNB forwards the status to the T-MeNB. Data forwarding from the SeNB to S-MeNB and from S-MeNB to T-MeNB take place.
10/11  The T-MeNB sends a PATH SWITCH REQUEST message to request the switch of a downlink GTP tunnel to T-MeNB GTP tunnel endpoint. The MME confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.
12       T-MeNB sends the UE CONTEXT RELEASE message to indicate S-MeNB to release radio and control plane resources associated to the UE context.
13       S-MeNB sends the UE CONTEXT RELEASE message to indicate SeNB to release radio and control plane resources associated to the UE context.
14       T-MeNB sends SENB ADDITION REQUEST message to request SeNB allocate resource for dual connectivity operation for the UE.
15       If the RRM entity in the SeNB is able to admit the resource request, it allocates respective resources. And then SeNB responses the SENB ADDITION ACKNOWLEDGE message to T-MeNB. 
16/17  T-MeNB sends the RRCConnectionReconfiguration message to the UE including the new radio resource configuration of SCG. When the UE applies the new configuration, it replies with RRCConnectionReconfigurationComplete message to T-MeNB.
18       T-MeNB sends the SENB RECONFIGURATION COMPLETE message to inform the SeNB that the requested configuration was successfully applied by the UE.

19       The UE performs synchronisation towards the PSCell of the SeNB.
20       T-MeNB sends the SN STATUS TRANSFER message to the SeNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of E-RABs for which PDCP status preservation applies. Data forwarding from the T-MeNB to the SeNB takes place.
21/22  T-MeNB sends an E-RAB MODIFICATION INDICATION message to the MME to request modifications of already established E-RABs to SeNB for the UE. The MME confirms the E-RAB MODIFICATION INDICATION message with the E-RAB MODIFICATION CONFIRMATION message.
In the Rel-13 extension of dual connectivity, the solution for the inter-MeNB handover without SeNB change can be enhanced. The SeNB related information may be transferred in the existing X2 handover signalling from S-MeNB to T-MeNB. In the enhanced solution, it does not require that the UE reverts back to single connectivity, and then recovery to dual connectivity. Figure 2.1-3 shows the possible signalling flow of the enhanced solution for inter-MeNB handover without SeNB change.
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Figure 2.1-3: Signalling flow of the enhanced solution for the inter-MeNB handover without SeNB change
1         S-MeNB issues a HANDOVER REQUEST message to T-MeNB passing necessary information to prepare the HO at the target side. The HANDOVER REQUEST message may include SeNB related E-RABs information, SCG configuration, the identity of SeNB, SeNB UE X2AP ID, and security related information. 
2         T-MeNB performs admission control dependent on the received E-RAB QoS information of S-MeNB and SeNB.  
3         T-MeNB sends SENB MODIFICATION REQUEST message to request SeNB to modify UE context at SeNB. The SENB MODIFICATION REQUEST message may include modified or released E-RAB information, T-MeNB X2AP ID, SeNB X2AP ID, and security related information.
4         SeNB responds with the SENB MODIFICATION REQUEST ACKNOWLEDGE message to T-MeNB. The SENB MODIFICATION REQUEST ACKNOWLEDGE message may include modified or released E-RAB information, and may contain radio configuration information within SCG-Config message. 
5        T-MeNB responses the HANDOVER REQUEST ACKNOWLEDGE to S-MeNB. 
6         S-MeNB sends RRCConnectionReconfiguration message towards the UE. RRCConnectionReconfiguration message includes the new configuration.
7         S-MeNB sends the SN STATUS TRANSFER message to the T-MeNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of E-RABs for which PDCP status preservation applies. Data forwarding from the S-MeNB to the T-MeNB takes place.
8         The UE performs synchronisation to the cell of T-MeNB and accesses the target cell of T-MeNB via RACH. The UE also performs synchronisation of the SeNB radio resource configuration.
9         The UE sends the RRCConnectionReconfigurationComplete message to T-MeNB.
10       T-MeNB sends the SENB RECONFIGURATION COMPLETE message to inform the SeNB that the requested configuration was successfully applied by the UE.
11        If instructed, the UE performs synchronisation towards the PSCell of the SeNB. Otherwise, the UE may perform UL transmission after having applied the new configuration.
12       T-MeNB sends the SN STATUS TRANSFER message to the SeNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of E-RABs for which PDCP status preservation applies. Data forwarding from the T-MeNB to the SeNB takes place.
13/14  The T-MeNB sends a PATH SWITCH REQUEST message to request the switch of a downlink GTP tunnel to T-MeNB GTP tunnel endpoint. The MME confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.
15/16  T-MeNB sends an E-RAB MODIFICATION INDICATION message to the MME to request modifications of already established E-RABs for the UE. The MME confirms the E-RAB MODIFICATION INDICATION message with the E-RAB MODIFICATION CONFIRMATION message.
Note: Whether to use the Path Switch Request procedure and the E-RAB Modification Indication procedure separately, or combine the all information only in Path Switch Request procedure or only in E-RAB Modification Indication procedure is FFS. 
17       T-MeNB sends the UE CONTEXT RELEASE message to indicate S-MeNB to release radio and control plane resources associated to the UE context. 

Comparing the legacy solution with the enhanced solution for the inter-MeNB handover without SeNB change, 3 S1/X2 signalling and 2 RRC signalling can be reduced in the enhanced solution. Therefore, the whole handover delay can be minimized significantly in the enhanced solution. Moreover, the enhanced solution can reduce the impact of the S-MeNB and SeNB due to less processing of signalling by avoiding the reversion of single connectivity.  
Proposal 1: It proposes RAN3 to discuss the enhanced solution for the support of inter-MeNB handover without SeNB change because that the enhanced solution can minimize the whole handover delay significantly, and reduce the impact of S-MeNB and SeNB as well.
2.2   Inter-MeNB handover with SeNB Addition
The scenario is assumed to happen when the UE handovers between MeNB coverage areas, where an SeNB is in the edge of T-MeNB. The UE has single connectivity to S-MeNB before handover, and has dual connectivity to T-MeNB and SeNB when it moves to the edge of T-MeNB, as shown in Figure 2.2-1. The mobility scenario is rare. 
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Figure 2.2-1: Scenario of inter-MeNB handover with SeNB addition
Based on the Rel-12 dual connectivity in the WI [2], the signalling flow of the legacy solution for inter-MeNB handover with SeNB addition is shown in Figure 2.2.2.
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Figure 2.2-2: Signalling flow of the legacy solution for the inter-MeNB handover with SeNB addition
1         S-MeNB issues a HANDOVER REQUEST message to T-MeNB passing necessary information to prepare the HO at the target side. 

2         T-MeNB performs admission control dependent on the received E-RAB QoS information of S-MeNB.
3         T-MeNB responses the HANDOVER REQUEST ACKNOWLEDGE to S-MeNB.
4         S-MeNB sends RRCConnectionReconfiguration message towards the UE.

5         S-MeNB sends the SN STATUS TRANSFER message to the T-MeNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of E-RABs for which PDCP status preservation applies. Data forwarding from the S-MeNB to the T-MeNB takes place.

6         The UE performs synchronisation to the cell of T-MeNB and accesses the target cell via RACH.

7         When the UE has successfully accessed the cell of T-MeNB, the UE sends the RRCConnectionReconfigurationComplete message to T-MeNB to confirm the handover.

8/9      The T-MeNB sends a PATH SWITCH REQUEST message to request the switch of a downlink GTP tunnel to T-MeNB GTP tunnel endpoint. The MME confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.

10       T-MeNB sends the UE CONTEXT RELEASE message to indicate S-MeNB to release radio and control plane resources associated to the UE context. 

11       T-MeNB sends SENB ADDITION REQUEST message to request SeNB allocate resource for dual connectivity operation for the UE.

12       If the RRM entity in the SeNB is able to admit the resource request, it allocates respective resources. And then SeNB responses the SENB ADDITION ACKNOWLEDGE message to T-MeNB. 

13/14  T-MeNB sends the RRCConnectionReconfiguration message to the UE including the new radio resource configuration of SCG. When the UE applies the new configuration, it replies with RRCConnectionReconfigurationComplete message to T-MeNB.

15       T-MeNB sends the SENB RECONFIGURATION COMPLETE message to inform the SeNB that the requested configuration was successfully applied by the UE.

16       The UE performs synchronisation towards the PSCell of the SeNB.
17       T-MeNB sends the SN STATUS TRANSFER message to the SeNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of E-RABs for which PDCP status preservation applies. Data forwarding from the T-MeNB to the SeNB takes place.

18/19  T-MeNB sends an E-RAB MODIFICATION INDICATION message to the MME to request modifications of already established E-RABs to SeNB for the UE. The MME confirms the E-RAB MODIFICATION INDICATION message with the E-RAB MODIFICATION CONFIRMATION message.
If the solution for the inter-MeNB handover with SeNB addition should be enhanced in the Rel-13 extension of dual connectivity, the possible signalling flow of that is shown in Figure 2.2-3.
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Figure 2.2-3: Signalling flow of the enhanced solution for the inter-MeNB handover with SeNB addition
1        S-MeNB issues a HANDOVER REQUEST message to T-MeNB passing necessary information to prepare the HO at the target side. The HANDOVER REQUEST message may include the identity/identities of candidate SeNB(s).

2         T-MeNB performs admission control dependent on the received E-RAB QoS information of S-MeNB.
3         T-MeNB sends SENB ADDITION REQUEST message to request SeNB allocate resource for dual connectivity operation for the UE. 
4         If the RRM entity in the SeNB is able to admit the resource request, it allocates respective resources. And then SeNB responses the SENB ADDITION ACKNOWLEDGE message to T-MeNB.
5         T-MeNB responses the HANDOVER REQUEST ACKNOWLEDGE to S-MeNB.
6       S-MeNB sends RRCConnectionReconfiguration message towards the UE. The RRCConnectionReconfiguration message includes the new configuration.

7        S-MeNB sends the SN STATUS TRANSFER message to the T-MeNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of E-RABs for which PDCP status preservation applies. Data forwarding from the S-MeNB to the T-MeNB takes place.
8         The UE performs synchronisation to the cell of T-MeNB and accesses the target cell of T-MeNB via RACH. The UE also performs synchronisation of the SeNB radio resource configuration.
9          The UE sends the RRCConnectionReconfigurationComplete message to T-MeNB.
10      T-MeNB sends the SENB RECONFIGURATION COMPLETE message to inform the SeNB that the requested configuration was successfully applied by the UE.
11        The UE performs synchronisation towards the PSCell of the SeNB.  
12     T-MeNB sends the SN STATUS TRANSFER message to the SeNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of E-RABs for which PDCP status preservation applies. Data forwarding from the T-MeNB to the SeNB takes place.
13/14  The T-MeNB sends a PATH SWITCH REQUEST message to request the switch of a downlink GTP tunnel to T-MeNB GTP tunnel endpoint. The MME confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.

15/16  T-MeNB sends an E-RAB MODIFICATION INDICATION message to the MME to request modifications of already established E-RABs to SeNB for the UE. The MME confirms the E-RAB MODIFICATION INDICATION message with the E-RAB MODIFICATION CONFIRMATION message.

17     T-MeNB sends the UE CONTEXT RELEASE message to indicate S-MeNB to release radio and control plane resources associated to UE context.
Note:  Whether to use the Path Switch Request procedure and the E-RAB Modification Indication procedure separately, or combine the all information only in Path Switch Request procedure or only in E-RAB Modification Indication procedure is FFS.
Comparing the legacy solution with the enhanced solution for the inter-MeNB handover with SeNB addtion, only 2 RRC signalling can be reduced in the enhanced solution. The benefit of the enhanced solution including signalling reduction and user plane gain is not significant. But the enhanced solution will introduce some specification impact. 
Proposal 2: It proposes RAN3 not to consider the enhanced solution for the support of inter-MeNB handover with SeNB addition because that the mobility scenario is rare, and the enhanced solution may not bring significant benefit on the signalling reduction and user plane gain but will introduce some specification impact.
3   Conclusion
In the contribution, we mainly analyzed the legacy solution and optimized solution for inter-MeNB handover without SeNB change and the inter-MeNB handover with SeNB addition.  By comparing the legacy solution and optimized solution, it is proposed RAN3 to agree the following proposals:
Proposal 1: It proposes RAN3 to discuss the enhanced solution for the support of inter-MeNB handover without SeNB change because that the enhanced solution can minimize the whole handover delay significantly, and reduce the impact of S-MeNB and SeNB as well. 
Proposal 2: It proposes RAN3 not to consider the enhanced solution for the support of inter-MeNB handover with SeNB addition because that the mobility scenario is rare, and the enhanced solution may not bring significant benefit on the signalling reduction and user plane gain but will introduce some specification impact.
The corresponding text proposal to the draft TR skeleton for Extension of Dual Connectivity in EUTRAN [3] is provided in [4].
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