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Introduction

As to the CU-DU interface, how to support CU-DU split in Option3 family need to be discussed during normative phase. 

In this paper, we discuss the SgNB change signaling procedure over F1 interface in Option 3.  

Discussion
In Option 3 family, the LTE eNB is connected to the EPC with Non-standalone NR. The NR user plane connection to the EPC goes via the LTE eNB (Option 3) or directly (Option 3A and Option 3X). In this case, the eNB is the master node (MN), and the gNB is the secondary node (SN). And the SgNB change procedure can be divided into two parts: MN initiated SgNB change and SN initiated SgNB change.

2.1 MN initiated SgNB change

The UE moves between cells belonging to different gNBs. When SgNB change happens, MeNB makes a decision on the suitable target cell selection based on the UE measurement report. Then, MeNB initiates SgNB addition procedure towards target Secondary gNB-CU, gNB-CU initiates the RB Context Establishment procedure to assign resources for one or several RBs and to setup corresponding context for a given UE in target gNB-DU, and the target gNB-DU shall execute the requested RB configuration. After that, MeNB initiates SgNB release procedure to the source SeNB to stop providing user data to the UE and, if applicable, to start data forwarding. MeNB sends the RRC reconfiguration message including at least target cell info and all information required to access the target cell to the UE. And the UE performs the random access with the target gNB-DU. After SgNB change, the source gNB-CU transfers the SN status to target gNB-CU via MeNB for data forwarding, and the MeNB triggers E-RAB modification procedure with MME. At last, MeNB shall release the UE context in source gNB-CU and source gNB-DU.

The signaling flow for MN initiated SgNB change is shown as Figure 1. (SgNB is source gNB, and TgNB is target gNB.)
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Figure 1: SgNB change procedure (MN initiated) 

The detailed description of MN initiated SgNB change procedure is shown as below:

A UE measurement report is triggered and sent to the MeNB.
MeNB sends SGNB ADDITION REQUEST message to TgNB-CU.

Upon reception of SGNB ADDITION REQUEST message, TgNB-CU sends UE BEARER CONTEXT SETUP REQUEST message to TgNB-DU.

After receiving the UE BEARER CONTEXT SETUP REQUEST message, TgNB-DU performs the necessary resource establishment and sends UE BEARER CONTEXT SETUP RESPONSE message back to TgNB-CU.

TgNB-CU sends SGNB ADDITION REQUEST ACKNOWLEDGEMENT to MeNB.

After receiving the SGNB ADDITION REQUEST message, MeNB sends SGNB RELEASE REQUEST to SgNB-CU to stop providing user data to the UE and, if applicable, to start data forwarding.
If needed, the source gNB-DU triggers a gNB-DU measurement report including the highest PDCP PDU SN successfully delivered in sequence to the UE and sends this info to gNB-CU in order to perform the centralized retransmission of lost PDUs from source gNB to target gNB.
MeNB sends RRC CONNECTION RECONFIGURATION message to UE.

UE sends RRC CONNECTION RECONFIGURATION COMPLETE message to MeNB to confirm the successful change procedure.

MeNB sends SGNB RECONFIGURATION COMPLETE message to TgNB-CU.
UE performs random access procedure at the target cell in TgNB-DU.

a) SgNB-CU sends SN STATUS TRANSFER message to MeNB, and b) MeNB transmits the SN STATUS TRANSFER message to TgNB-CU for data forwarding.
MeNB initiates the E-RAB MODIFICATION INDICATION message to the MME to update the UP path.

Upon reception of E-RAB MODFICATION INDICATION message, MME sends the E-RAB MODIFICATION CONFIRMATION message back to MeNB.

MeNB sends the context release procedure to SgNB-CU in order to release the former UE bearer resources and UE context.
SgNB-CU sends UE BEARER CONTEXT RELEASE COMMAND message to SgNB-DU.

Upon reception of UE BEARER CONTEXT RELEASE COMMAND message, SgNB-DU performs the necessary resource release and sends UE BEARER CONTEXT RELEASE COMPLETE message to SgNB-CU.
2.2 SN initiated SgNB change

The UE moves between cells belonging to different gNBs. When SgNB change happens, the SgNB-CU makes a decision on the suitable target cell selection based on the UE measurement report and send SgNB change request message to MeNB while MeNB makes the final decision. After that, MeNB initiates SgNB addition procedure towards target Secondary gNB-CU, gNB-CU initiates RB Context Establishment procedure to assign resources for one or several RBs and to setup corresponding context for a given UE in target gNB-DU, and the target gNB-DU shall execute the requested RB configuration. Then, MeNB sends the RRC reconfiguration message including at least target cell info and all information required to access the target cell to the UE. And the UE sets up the random access with the target gNB-DU. After SgNB change, the source gNB-CU transfers the SN status to target gNB-CU via MeNB for data forwarding, and the MeNB triggers E-RAB modification indication procedure with MME. At last, MeNB shall release the UE context in source gNB-CU and source gNB-DU.

The signaling flow for SN initiated SgNB change is shown as Figure 2. (SgNB is source gNB, and TgNB is target gNB.)
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Figure 2: SgNB change procedure (SN initiated)
The detailed description of SN initiated SgNB change  procedure is shown as below:
A UE measurement report is triggered and sent to the SgNB-CU via SgNB-DU.

SgNB-CU sends the SGNB CHANGE REQUEST message to MeNB..
After receiving the SGNB CHANGE RQUEST message, MeNB sends SGNB ADDITION REQUEST message to MeNB.
Upon reception of SGNB ADDITION REQUEST message, TgNB-CU sends UE BEARER CONTEXT SETUP REQUEST message to TgNB-DU.
After receiving the UE BEARER CONTEXT SETUP REQUEST message, TgNB-DU performs the necessary resource establishment and sends UE BEARER CONTEXT SETUP RESPONSE message back to TgNB-CU.
TgNB-CU sends SGNB ADDITION REQUEST ACKNOWLEDGEMENT to MeNB.

MeNB sends RRC CONNECTION RECONFIGURATION message to UE.

UE sends RRC CONNECTION RECONFIGURATION COMPLETE message to MeNB to confirm the successful change procedure.
Upon reception of RRC CONNECTION RECONFIGURATION COMPLETE message, MeNB sends SGNB CHANGE CONFIRM message to SgNB-CU.

MeNB sends SGNB RECONFIGURATION COMPLETE message to TgNB-CU.
If needed, the source gNB-DU triggers a gNB-DU measurement report including the highest PDCP PDU SN successfully delivered in sequence to the UE and sends this info to gNB-CU in order to perform the centralized retransmission of lost PDUs from source gNB to target gNB.
UE performs random access procedure at the target cell in TgNB-DU.

a) SgNB-CU sends SN STATUS TRANSFER message to MeNB, and b) MeNB transmits the SN STATUS TRANSFER message to TgNB-CU for data forwarding.
MeNB initiates the E-RAB MODIFICATION INDICATION message to the MME to update the UP path.

Upon reception of E-RAB MODFICATION INDICATION message, MME sends the E-RAB MODIFICATION CONFIRMATION message back to MeNB.

MeNB sends the context release procedure in order to SgNB-CU to release the former UE bearer resource and UE context.
SgNB-CU sends UE BEARER CONTEXT RELEASE COMMAND message to SgNB-DU.

Upon reception of UE BEARER CONTEXT RELEASE COMMAND message, SgNB-DU performs the necessary resource release and sends UE BEARER CONTEXT RELEASE COMPLETE message to SgNB-CU.
Proposal1: It is proposed to capture the above MN and SN initiated SgNB change signalling procedure into the TS38.401.

Conclusion
The following observations and proposals are provided:

Proposal1: It is proposed to capture the above MN and SN initiated SgNB change signalling procedure into the TS38.401.

The stage2 and stage3 CR to be captured for SgNB change in Option 3 is in [1][2][3].
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