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1. Introduction
During last RAN3#81bis meeting, the following Xn control plane procedures were considered to be necessary to support dual connectivity:
-
Activation of SeNB resources

-
Modification of SeNB resources

-
Release of SeNB resources
But from overall signaling flow point of view, 1A/3C U-plane architecture Options have different solutions, then in this contribution we would like to further discuss overall Signaling flow over S1/Xn for 3C option.
2. Discussion
2.1. SeNB Addition
The SeNB addition of dual connectivity could be trigged by UE mobility and/or traffic offloading strategy. Upon the addition of SeNB, the MeNB adds a new SeNB Cell with the following possible signaling flows in Figure 1 in order to split one or more bearers to the SeNB.
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Figure 1 SeNB Addition procedure for 3C
1. The MeNB decides to add a new SeNB Cell for dual connectivity. The decision may base on Measurement Reports in step 0 and other RRM information (e.g. load status of the SeNB Cell and MeNB cell ).
2. The MeNB sends SeNB Addition Request message to the target SeNB, which may include the QoS requirement for the part of data flow of the split bearers to be diverted into the SeNB, UE capacities and current RRC configuration provided by means of RRC containers.
3. Admission Control is performed by the SeNB to decide if the required resources can be granted by the SeNB.
4. If the access control procedure succeeds, the SeNB responds with the SeNB Addition Response message, which includes a new SeNB configuration provided by means of RRC containers. 

5. Whether the MeNB is required to decode the corresponding RRC container after reception of the SeNB Addition Response message is still on discussion. If supported, the MeNB could check the SeNB configuration information. If the check succeeds, the MeNB generates a new RRC Connection Reconfiguration message on the basis of the received SeNB configuration information. In addition, for offloading packets to the SeNB as soon as possible the MeNB simultaneously starts to deliver packets to the SeNB.
6. The MeNB sends the RRC Connection Reconfiguration message to the UE.
7. Upon the reception of RRC Connection Reconfiguration message, the UE applies related configurations to perform the addition operation of the SeNB Cell.

8. Based on the related configuration IEs included in the RRCConnectionReconfiguration message, UE performs synchronization to the SeNB and accesses the SeNB Cell via RACH, following a contention-free procedure or contention-based procedure.
9. When the UE has successfully accessed the SeNB Cell, the UE sends the RRC Connection Reconfiguration Complete message to the MeNB to confirm the configuration. And simultaneously the UE sends an uplink Buffer Status Report, whenever possible, to the SeNB to indicate that the offload procedure is completed for the UE. The SeNB can now begin sending data to the UE.

2.2. SeNB Release
The SeNB Release procedure is used to handoff all( part of ) already established bearers in a SeNB to a MeNB or other SeNB, in addition, it can also be used to directly release radio resources allocated by a SeNB. 

The SeNB Release procedure can be initiated by the MeNB or the SeNB.

There are two typical cases for SeNB release scenario: 

Case 1: SeNB –>MeNB. 

Case 2: SeNB1 –>SeNB2. 

· Case 1: SeNB –>MeNB
Due to RRM strategy or UE mobility, the SeNB is not suitable as a serving cell of dual connectivity. The corresponding bearers need to be moved back to the MeNB.
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Figure 2 SeNB Release procedure for 3C (Case1)
1a.  Based on measurement reports which is reported in step 0 or other RRM strategy, the MeNB decides to remove already established all ( part of ) bearers in SeNB.

1b. Or the SeNB itself decides to remove already established all (part of) bearers in SeNB based on a certain RRM strategy, e.g. the resource usage status or radio channel quality of the SeNB Cell. Then the SeNB sends SeNB Release Indication message to request the initiation of a SeNB release procedure.

2. The MeNB sends SeNB Release Request message to the SeNB, which includes an E-RAB list to be released. 

3. As soon as the SeNB Release Request message is sent, the MeNB may stop to deliver packets to the SeNB.

4. Upon receipt of the SeNB Release Request message, the SeNB responds with a SeNB Release Response message, which may include the new SeNB configuration provided by means of RRC containers.
5. If the MeNB is required to decode the corresponding RRC container after reception of the SeNB Release Response message, it will generate a new RRC Connection Reconfiguration message on the basis of the information within RRC container.
6. Upon the reception of RRC Connection Reconfiguration message, the UE applies related configurations to perform the release operation of the SeNB Cell.

7. The UE sends the RRC Connection Reconfiguration Complete message to the MeNB to confirm the Release procedure. And simultaneously the UE sends an uplink Buffer Status Report, whenever possible, to the MeNB to indicate that the release procedure is completed for the UE. The MeNB can now begin sending data using new RRC configuration to the UE.
8. The MeNB sends UE context Release message to the SeNB to trigger related resources release.

· Case 2:  SeNB1 –>SeNB2
When the UE moves from the coverage of SeNB1 to the coverage of SeNB2, the serving cell of dual connectivity may need to change from the SeNB1 to the SeNB2. 
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Figure 3 SeNB Release procedure for 3C (Case2)
1. Based on measurement reports which is reported in step 0 or other RRM strategy, the MeNB decides to hand off already established bearers from SeNB1 to SeNB2.

2~3.  Firstly the MeNB performs the SeNB Addition procedure as describe on step 2~4 of section 2.1.

4~5.  Secondly the MeNB performs the SeNB Release procedure as describe on step 2~4 of case 1.
5a.   For offloading packets to the SeNB as soon as possible the MeNB starts to deliver packets to the SeNB 2.

6. If the MeNB is required to decode the corresponding RRC container after reception of the SeNB Addition Response message and the SeNB Release Response message, it will generate a new RRC Connection Reconfiguration message on the basis of the information within RRC containers in the two response messages, and signal this message to the UE.
7. Upon the reception of RRC Connection Reconfiguration message, the UE applies related configurations to perform the handoff operation between SeNBs.

8. Based on the related configuration IEs included in the RRCConnectionReconfiguration message, UE performs synchronisation to the SeNB2 and accesses the SeNB2 Cell via RACH, following a contention-free procedure or contention-based procedure.

9. The UE sends the RRC Connection Reconfiguration Complete message to the MeNB to confirm the Handoff procedure. And simultaneously the UE sends an uplink Buffer Status Report, whenever possible, to the SeNB2 to indicate that the handoff procedure is completed for the UE. The SeNB2 can now begin sending data to the UE.
10. The MeNB sends UE context Release message to the SeNB1 to trigger related resources release.

2.3. SeNB Reconfiguration
The SeNB reconfiguration procedure is to enable modifications of already established bearers in SeNB for a dual connectivity UE.
This procedure may be initiated by the MeNB or the SeNB.
(1) SeNB Modification – MeNB initiated
The SeNB Modification procedure can be triggered by the E-RAB Modify Request message from MME. Moreover, a certain RRM strategy of the MeNB can also initiate the SeNB Modification procedure.
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 Figure 4 SeNB Modification procedure for 3C
0. The MeNB receives the E-RAB Modify Request message from MME, which include the information about QoS update for already established bearers in the SeNB.

1. The MeNB decides to modify some already established bearers in the SeNB based on the E-RAB Modify Request message in step 0 or other RRM strategy.
2. The MeNB sends a SeNB Modify Request message to the target SeNB, which include the updated QoS requirement for the part of data flow of the split bearers already diverted into the SeNB, or latest UE capacities and current MeNB configuration provided by means of RRC containers.
2a. Admission Control may be performed by the SeNB to decide if the updated QOS requirement can be supported by the SeNB.
3. If the modification requirement can be accepted, the SeNB responds with a SeNB Modify Response message, which include updated SeNB configuration provided by means of RRC containers. Otherwise the SeNB rejects the modification procedure by replying with a SeNB Modify Failure message.
4. If the MeNB is required to decode the corresponding RRC container after reception of the SeNB Modify Response message, the MeNB could check the SeNB configuration information. Successful operation shall trigger the MeNB to initiate an RRC Connection Reconfiguration. 
5. Upon the reception of RRC Connection Reconfiguration message, the UE applies related configurations to perform the modification operation of the SeNB Cell.

6. When the UE has successfully completed the modification operation, the UE sends the RRC Connection Reconfiguration Complete message to the MeNB to confirm the modification. And simultaneously the UE sends an uplink Buffer Status Report, whenever possible, to the SeNB to indicate that the modification procedure is completed for the UE. The SeNB can now begin sending data using new configuration to the UE.

7. The MeNB may reply the E-RAB Modify Response message to MME.

(2) SeNB Update – SeNB initiated
The SeNB Update procedure is triggered due to a certain RRM strategy of the SeNB or the change of radio channel condition for the dual connectivity UE and so on. 
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 Figure 5 SeNB Update procedure for 3C
1. The SeNB decides to modify some already established bearers in the SeNB based on a certain RRM strategy or the change of radio channel condition, etc.
2. The SeNB sends a SeNB Update Request message to the MeNB, which include the updated SeNB configuration provided by means of RRC containers.
3. If the MeNB is required to decode the corresponding RRC container after reception of the SeNB Update Request message, the MeNB could check the SeNB configuration information. Successful operation shall trigger the MeNB to initiate an RRC Connection Reconfiguration. If the check fails, the MeNB replys with a SeNB Update Failure message to reject the SeNB Configuration procedure.
4. Upon the reception of RRC Connection Reconfiguration message, the UE applies related configurations to perform the modification operation of the SeNB Cell.

5. When the UE has successfully completed the modification operation, the UE sends the RRC Connection Reconfiguration Complete message to the MeNB to confirm the modification. And simultaneously the UE sends an uplink Buffer Status Report, whenever possible, to the SeNB to indicate that the modification procedure is completed for the UE. The SeNB can now begin sending data using new configuration to the UE.

6. Upon the reception of RRC Connection Reconfiguration complete message, the MeNB sends the SeNB Update Response message to end the SeNB Configuration procedure.
3. Conclusion

According to the analysis in section 2, it is proposed:
Proposal 1: RAN3 is kindly asked to discuss the above signaling flow and capture related information into TR 36.842.
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