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1  Introduction
After the discussion during RAN3 #81bis, we got the conclusion that the focus of Xn Control Plane signalling should on three scenarios:

· Addition of resources at an SeNB that has not been involved in dual connectivity so far.

· Modification of established resources at an SeNB (MeNB and SeNB triggered).

· Removal of established resources at an SeNB (MeNB and SeNB triggered). 
So in this document, we try to generalise overall signalling schemes which are necessary to support the scenarios listed above, within the SCE UP Alt 3C, CP Option1 and assuming RRM entities in the eNBs involved in dual connectivity.
2  Discussion

2.1 Addition of SeNB resources
Figure 2.1-1 depicts the general signalling scheme for offloading UP data of the splitting E-RAB(s) to an SeNB. Similar to the Rel8 HO procedure, the offloading scheme can be divided into three phases:
1) Offload preparation: According to the agreements of RAN2 #83bis, the MeNB maintains the RRM Measurement configuration of the UE and may, e.g. based on received measurement reports or traffic conditions or bearer types, decide to ask an SeNB to provide additional resources for the UE in UP Alt 3C. 
The MeNB send a Xn message to the SeNB to request the preparation of resources for the offloading, including e.g. E-RAB QoS information (which maybe different from the MeNB received from CN node) and UE Capability information, etc. In addition, the MeNB may indicate the SeNB to only allocate PHY & MAC & RLC configurations.
Upon receiving the request from the MeNB, the SeNB may create the RRC container that will result in the configuration of additional resources for the UE (or decide that it has no resource available to do so). The SeNB then response a corresponding Xn message to acknowledge the admitting and convey the allocating.
2) Offload execution: The MeNB comprehends the response information from the SeNB and then assembles the RRC Connection Reconfiguration message to the UE(without the right of changing the content of the RRC container), indicating it to apply the new configuration. After accessing to the SeNB, the UE response RRC Connection Reconfiguration Complete message to the MeNB. 

On the other hand, the MeNB offloads UP traffic of the splitting E-RAB(s) to the SeNB.
3) Offload completion: The SeNB reports to the MeNB that the new configuration is ready to use, meaning that the addition of SeNB resources is successful.
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Figure 2.1-1: Addition of SeNB resources
2.2
Modification of SeNB resources
Figure 2.2-1 depicts the overall signalling scheme for modification of the SeNB radio resource configuration triggered by MeNB (or SeNB), which is applicable to UP Alt 3C. 
1) Modify preparation: The MeNB may receive a S1 message about bearer QoS update request from CN node, hence it should firstly notify the SeNB about this modification by a “Modify Request” Xn message, including EPS Bearer Identity and the appropriate E-RAB QoS information at least. 
Upon receiving the request from the MeNB, the SeNB creates the RRC container, including new configuration, and response a corresponding Xn message to the MeNB.

2) Modify execution: The MeNB comprehends the response information and assembles the final RRC message to the UE(including the modification of the MeNB’s own UP resources), indicating it to apply the modified configuration. Then the UE acknowledges the radio bearer modification to the MeNB with a RRC Connection Reconfiguration Complete message. 
3) Modify completion: The MeNB confirms to the SeNB that the modified Configuration is in use by the UE.
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Figure 2.2-1: SeNB configuration modification (requested by the MeNB)
2.3
Removal of SeNB resources

Figure 2.3-1 depicts the overall signalling scheme for removal of SeNB resources which are configured for the UE, either triggered by the MeNB or the SeNB.
1) Removal preparation: According to the measurement report from the UE or load information from the SeNB, the MeNB decides to remove the offloading traffic from the SeNB. 

The MeNB sends a Xn message to the SeNB to notify the removal of resources configured for the offloading, including the E-RAB list, etc. 
Upon receiving this message from the MeNB, the SeNB should obey the notification and response a corresponding  Xn message for acknowledgement.

2) Removal execution: The MeNB assembles the RRC message to the UE, indicating it to apply the new configuration. And the UE completes the reconfiguration procedure by responsing RRC Connection Reconfiguration Complete message.
3) Removal completion: The SeNB could report to the MeNB that the removal is completed.
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Figure 2.3-1: Removal of SeNB resources
2.4  Handover 
2.4.1  Handover of MeNB role
Figure 2.4.1-1 depicts the overall signalling scheme for handing over the MeNB role while the SeNB’s resources remaining still.
1) Handover preparation: Similar to Rel8 HO, according to the measurement report from the UE and RRM information, the MeNB1(source) decides to hand off the UE to the MeNB2(target). 

The MeNB1 send HANDOVER REQUEST message to the MeNB2 to request the preparation of resources for the handover, including current resource configuration and UE Capability information, plus the SeNB CP context ID, forwarding tunnel IDs, etc. 
The MeNB2 may accept the HO request and then establish signalling connection towards the SeNB by sending it “MeNB change request” message(exact content and name of Xn messages are FFS). In addition, the MeNB2 may decide to change the radio configuration, and it would indicate this information to the SeNB. After receiving the acknowledgement from the SeNB, the MeNB2 would response the HANDOVER REQUEST ACKNOWLEDGE message to the MeNB1, carrying the RRC container.

2) Handover execution: The MeNB1 sneds the RRC Connection Reconfiguration message to the UE to indicate the handover, and the UE confirms the reconfiguration by responsing RRC Connection Reconfiguration Complete message to the MeNB2. On the other hand, the MeNB1 forwards the SN Status and UP traffic to the MeNB2.

3) Handover completion: The MeNB2 issues the S1 Path switch request to CN like a regular X2 HO and the old Xn CP connection & UE context in MeNB1 are released.
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Figure 2.4.1-1: MeNB changes
2.4.2  Switching Data between SeNBs

Figure 2.4.2-1 depicts the overall signalling scheme for the splitting E-RAB(s) being switched between SeNBs, triggered by MeNB. 
1) Switch preparation: According to the measurement report from the UE or load information from the SeNB1, the MeNB decides to switch the offloading traffic to the SeNB2. 

The MeNB sends a Xn message to the SeNB2 to request the preparation of resources for the offloading, including E-RAB QoS information (which maybe different from the MeNB indicated to SeNB1) and UE Capability information, etc. Then the SeNB2 could response a corresponding Xn message to acknowledge the admitting and convey the allocating (RRC container).

On the other hand, the MeNB indicates the SeNB1 to stop the offloading  transmission and release the UP traffic resources.  Then the SeNB1 could response a Xn message for acknowledgement.

2) Switch execution: The MeNB comprehends the response information from the SeNB2 and assembles the RRC message to the UE, indicating it to apply the switched configuration. After accessing to the SeNB2, the UE response RRC Connection Reconfiguration Complete message to the MeNB. On the other hand, the MeNB offloads UP traffic to the SeNB2.

3) Switch completion: The SeNB2 reports to the MeNB that the configuration is ready to use, meaning that the switching is successful.
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 Figure 2.4.2-1: Switching Data between SeNBs

3  Conclusion and Proposal
This document provides the overall example signalling schemes for the four main scenarios.

Proposal 1: The above signalling procedures should be captured in the TR.
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