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Introduction

As to the CU-DU interface, the F1-U (User Plane) functions and the F1-C (Control Plane) functions need to be discussed during normative phase. 

As the Inter-DU handover with single connectivity has been agreed in last meeting, in this paper, we will discuss the Inter-DU Mobility with dual connectivity and Intra-DU Mobility signalling procedure which including inter-DU and intra-DU handover signalling procedures over F1 interface.  

Discussion
2.1 Inter-DU mobility with Dual/Multiple connectivity

In Inter-DU mobility with Dual/Multiple connectivity scenarios, the source cell and the target cell belonging to different gNB-DUs in one gNB-CU, and a UE can connect with one or more gNB-DU at the same time. 

The UE moves between cells belonging to different gNB-DUs. gNB-CU make a decision on the suitable target gNB-DU addition based on the UE measurement report. Then, gNB-CU initiates RB Context Establishment procedure to assign resources on Uu and F1 for one or several RBs and to setup corresponding context for a given UE in the secondary gNB-DU. The gNB-DU shall execute the requested RB configuration, and if available, stores the general UE Context. At next step, gNB-CU sends the RRC reconfiguration message including at least SCGconfiginfo in the secondary gNB-DU to the UE. Finally, the UE sets up the RRC connection with the target gNB-DU (gNB-DU2) and replies the RRC reconfiguration complete message. After the RB Context establishment in target gNB-DU (gNB-DU2), UE is connecting with both target gNB-DU (gNB-DU2) and source gNB-DU (gNB-DU1) at the same time. If one leg breaks during Dual/Multiple connectivity, the fast centralized retransmission procedure of lost PDUs should be used.

The signalling flow is shown as below:
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Figure2: Inter-DU handover procedure with Dual/Multiple connectivity

Below is a more detailed description of the procedure:
 Measurement report is triggered and sent to gNB-DU1.
gNB-DU1 sends an Uplink RRC Transfer message to the gNB-CU to convey the received Measurement Report
gNB-CU makes a decision to add the target cell  in gNB-DU2 to serve UE based on UE measurement report and sends an UE CONTEXT SETUP REQUEST message to the  gNB-DU2.
Upon reception of UE CONTEXT SETUP REQUEST message, gNB-DU2 performs the necessary resource establishment and sends an UE CONTEXT SETUP RESPONSE  message to gNB-CU.
Upon reception of UE CONTEXT SETUP RESPONSE  message, gNB-CU sends the handover command  to UE using RRC CONNECTION RECONFIGURATION message including mobilityControlInfo IE via gNB-DU1.
Upon reception of RRC CONNECTION RECONFIGURATION message, The UE performs the random access procedure at the target cell in gNB-DU2.
The UE sends RRC CONNECTION RECONFIGURATION COMPLETE message to gNB-CU to confirm the successful completion secondary node addition procedure.
gNB-DU2 sends an Uplink RRC Transfer message to the gNB-CU to convey the received RRC CONNECTION RECONFIGURATION COMPLETE
UE  is served by both gNB-DU1 and  gNB-DU2 at the same time.
If one leg breaks during Dual/Multiple connectivity, the fast centralized retransmission procedure of lost PDUs should be used.
The following steps are optional, which is used to release the UE context and associated resource in the gNB-DU regards to the broken leg, when necessary:
 gNB-CU sends UE CONTEXT RELEASE COMMAND  message to gNB-DU1.
 Upon reception of UE CONTEXT RELEASE COMMAND message, gNB-DU1 performs the necessary resource release and sends UE BEARER CONTEXT RELEASE COMPLETE message to gNB-CU.
Proposal1: It is proposed to capture the above dual/multiple connectivity inter-DU handover signalling procedure into the TS38.401.

2.2 Intra-DU handover
UE moves between cells belonging to one gNB-DU. When intra-DU mobility happens, gNB-CU makes a decision on the suitable target cell selection based on the UE measurement report. Then, CU initiates RB context modification procedure to the gNB-DU through F1 interface to modify the UE context and update the radio bearer in the gNB-DU. Then, the gNB-DU sends modification response message to gNB-CU. At next step, gNB-CU sends the RRC reconfiguration message including at least target cell info and all information required to access the target cell to the UE. Finally, the UE sets up the RRC connection with target cell and replies the RRC reconfiguration complete message.

The signalling flow is shown as below:
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Figure2: Intra-DU handover procedure
Below is a more detailed description of the handover procedure: 
1.  The UE measurement report is triggered and sent to the gNB-CU by UE through gNB-DU.
2.  gNB-DU sends an Uplink RRC Transfer message to the gNB-CU to convey the received Measurement Report

3.  gNB-CU makes a intra-DU handover decision to the target cell based on UE measurement report and .sends UE CONTEXT MODIFICATION REQUEST message to gNB-DU.
4.  Upon reception of UE CONTEXT MODIFICATION REQUEST message, gNB-DU performs the context and bearer modification, and then sends UE CONTEXT MODIFICATION RESPONSE message to gNB-CU.

5.  gNB-CU sends RRC CONNECTION RECONFIGURATION message to UE.

6.  gNB-DU sends an Downlink RRC Transfer message to UE to convey the RRC CONNECTION RECONFIGURATION message.

7.  Upon reception of RRC CONNECTION RECONFIGURATION message, the UE performs the random access procedure at the target cell in gNB-DU.

8.  The UE applies the new configuration and replies with RRC CONNECTION RECONFIGURATION COMPLETE message to gNB-CU.
9.  gNB-DU sends an Uplink RRC Transfer message to convey the received RRC CONNECTION RECONFIGURATION COMPLETE message to gNB-CU.

Proposal2: It is proposed to capture the above intra-DU handover signalling procedure into the TS38.401.

Conclusion
The following observations and proposals are provided:

Proposal1: It is proposed to capture the above dual/multiple connectivity inter-DU handover signalling procedure into the TS38.401as below.

Proposal2: It is proposed to capture the above intra-DU handover signalling procedure into the TS38.401 as below.

---------------------------------------Stage 2 TP for 38.401-------------------------------------
8.2.1 Intra-NR Mobility

8.2.1.1 Inter-gNB-DU Mobility 

Inter-gNB-DU mobility with Dual/Multiple connectivity

In Inter-DU mobility with Dual/Mutiple connectivity scenarios, the source cell and the target cell belonging to different gNB-DUs in one gNB-CU, and a UE can connect with one or more gNB-DU at the same time. 

The signalling flow is shown as below:
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Figure 8.2.1.1-2: Inter-DU handover procedure with Dual/Multiple connectivity

Below is a more detailed description of the procedure:
 Measurement report is triggered and sent to gNB-DU1.
gNB-DU1 sends an Uplink RRC Transfer message to the gNB-CU to convey the received Measurement Report
gNB-CU makes a decision to add the target cell  in gNB-DU2 to serve UE based on UE measurement report and sends an UE CONTEXT SETUP REQUEST message to the  gNB-DU2.
Upon reception of UE CONTEXT SETUP REQUEST message, gNB-DU2 performs the necessary resource establishment and sends an UE CONTEXT SETUP RESPONSE  message to gNB-CU.
Upon reception of UE CONTEXT SETUP RESPONSE  message, gNB-CU sends the handover command  to UE using RRC CONNECTION RECONFIGURATION message including mobilityControlInfo IE via gNB-DU1.
Upon reception of RRC CONNECTION RECONFIGURATION message, The UE performs the random access procedure at the target cell in gNB-DU2.
The UE sends RRC CONNECTION RECONFIGURATION COMPLETE message to gNB-CU to confirm the successful completion secondary node addition procedure.
gNB-DU2 sends an Uplink RRC Transfer message to the gNB-CU to convey the received RRC CONNECTION RECONFIGURATION COMPLETE
UE  is served by both gNB-DU1 and  gNB-DU2 at the same time.
If one leg breaks during Dual/Multiple connectivity, the fast centralized retransmission procedure of lost PDUs should be used.
The following steps are optional, which is used to release the UE context and associated resource in the gNB-DU regards to the broken leg, when necessary:
 gNB-CU sends UE CONTEXT RELEASE COMMAND  message to gNB-DU1.
 Upon reception of UE CONTEXT RELEASE COMMAND message, gNB-DU1 performs the necessary resource release and sends UE BEARER CONTEXT RELEASE COMPLETE message to gNB-CU.
8.2.1.2  Intra-gNB-DU inter-cell Mobility

Intra-DU handover
UE moves between cells belonging to one gNB-DU. 
The signalling flow is shown as below:
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Figure 8.2.1.2: Intra-DU handover procedure
Below is a more detailed description of the handover procedure: 
1.  The UE measurement report is triggered and sent to the gNB-CU by UE through gNB-DU.
2.  gNB-DU sends an Uplink RRC Transfer message to the gNB-CU to convey the received Measurement Report

3.  gNB-CU makes a intra-DU handover decision to the target cell based on UE measurement report and .sends UE CONTEXT MODIFICATION REQUEST message to gNB-DU.
4.  Upon reception of UE CONTEXT MODIFICATION REQUEST message, gNB-DU performs the context and bearer modification, and then sends UE CONTEXT MODIFICATION RESPONSE message to gNB-CU.

5.  gNB-CU sends RRC CONNECTION RECONFIGURATION message to UE.

6.  gNB-DU sends an Downlink RRC Transfer message to UE to convey the RRC CONNECTION RECONFIGURATION message.

7.  Upon reception of RRC CONNECTION RECONFIGURATION message, the UE performs the random access procedure at the target cell in gNB-DU.

8.  The UE applies the new configuration and replies with RRC CONNECTION RECONFIGURATION COMPLETE message to gNB-CU.
9.  gNB-DU sends an Uplink RRC Transfer message to convey the received RRC CONNECTION RECONFIGURATION COMPLETE message to gNB-CU.
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