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Introduction
[bookmark: OLE_LINK201][bookmark: OLE_LINK202]In RAN3 #123bis meeting, RAN3 began to discuss Rel-19 inter-CU LTM and made few agreements. In this contribution, we continue to discuss the basic procedures of inter-CU LTM.
Discussion 
[bookmark: OLE_LINK233][bookmark: OLE_LINK234][bookmark: OLE_LINK13][bookmark: OLE_LINK14]For an efficient discussion in Rel-19, the message flow for intra-CU inter-DU LTM in TS38.401 and the stage 3 design in TS38.473 can be taken as a basis in the discussion of F1 impact for inter-CU LTM. Unless some differences or additional requirements are identified, the Rel-18 inter-DU LTM functionalities on F1 are reused by default.
[bookmark: OLE_LINK244][bookmark: OLE_LINK245][bookmark: OLE_LINK3][bookmark: OLE_LINK17]Proposal 1: The Rel-18 functionalities for intra-CU inter-DU LTM on F1 are reused as baseline in the discussion of F1 impact for inter-CU LTM unless additional requirements are identified.
In this document, we will discuss the overall procedure for inter-CU LTM.
0. LTM Preparation
General
In RAN3 #123bis meeting, RAN3 agreed to re-use existing Xn Handover Request and Handover Request ACK for inter-CU LTM preparation.
	Reuse existing Xn Handover Request and Handover Request ACK for Inter-CU LTM initial preparation. 


The existing Xn Handover Request message is initiated by the source gNB-CU. The procedure is initiated per candidate cell, instead of per UE. In case of inter-gNB-CU LTM, the source gNB-CU sends a Handover Request message per LTM candidate cell to the candidate gNB-CU (candidate gNB), which triggers a F1 UE Context Setup Request message to the candidate gNB-DU at the target side. After receiving the UE Context Setup Response message from the candidate gNB-DU, the candidate gNB-CU responds with a Handover Request Acknowledge message with the LTM configuration of the candidate cell to the source gNB-CU.
[bookmark: OLE_LINK246][bookmark: OLE_LINK247][bookmark: OLE_LINK4][bookmark: OLE_LINK5]Proposal 2: RAN3 confirms that the source gNB-CU initiates the handover preparation procedure per candidate cell for inter-gNB-CU LTM.
L1 measurement and report configuration
In Rel-18 intra-CU LTM, L1 measurement and report is based on SSB. The CU utilizes the SSB configuration obtained in F1 SETUP to produce the CSI resource configuration and send it to the source DU to generate the CSI report configuration. 
In Rel-19 inter-CU LTM, to support SSB based L1 measurement and reporting, similarly, the source gNB is able to obtain the SSB configuration of candidate cells from neighbour gNBs via Xn setup. It can then utilize the obtained SSB configuration to produce the CSI resource configuration and send it to the source gNB-DU to generate the CSI report configuration. The processing on F1 can re-use the UE Context Modification Request procedure.
Proposal 3: The source gNB-CU utilizes the candidate cells’ SSB configuration obtained from neighbour gNBs during Xn setup to produce the CSI resource configuration. 
In case of subsequent LTM, the source gNB-CU sends the CSI resource configuration of candidate cells to other candidate gNB-CUs, so the other candidate gNB-CUs can request the corresponding candidate gNB-DU to generate the CSI report configurations.
Proposal 4: To support subsequent LTM, the source gNB-CU sends the CSI resource configuration of candidate cells to other candidate gNB-CUs.
The SSB configuration exchanged in Xn Setup does not include the SSB transmit power information, which is needed in the UE LTM configuration. Therefore, in Rel-18, the SSB Time/Frequency Configuration is included in the UE Context Setup Response message from the candidate DU to the CU. 
[bookmark: _Hlk166162937]In Rel-19, similarly, it’s better to let the candidate gNB-CU to respond the full SSB Time/Frequency Configuration of candidate cells to the source gNB-CU in the Handover Request ACK message.
Proposal 5: The candidate gNB-CU responds the full SSB Time/Frequency Configuration of candidate cells to the source gNB-CU in the Handover Request ACK message.
Early sync configuration
In Rel-18 intra-CU LTM, the source gNB-CU collects the early sync configuration of candidate cells including the TCI states and RACH configuration from candidate gNB-DUs and indicates them to the source gNB-DU.
In Rel-19 inter-CU LTM, for similar reason, the Early sync configuration of candidate cells need to be transferred from candidate gNB-CUs to the source gNB-CU via Handover Request ACK message.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Proposal 6: The candidate gNB-CUs send the early sync configuration of candidate cells (incl. TCI states and RACH configuration) to the source gNB-CU in the Handover Request ACK message.
0. [bookmark: OLE_LINK20][bookmark: OLE_LINK250][bookmark: OLE_LINK251][bookmark: OLE_LINK10]Early Synchronization 
In RAN2 #125bis meeting, RAN2 agreed that early DL and UL sync are supported for inter-CU LTM, and PDCCH ordered early RACH without RAR method is the baseline.
	Agreements on early sync phase:
1. Early DL and UL sync is also supported for inter-CU LTM.  Inform RAN3 of this. Early DL sync using CSI-RS should be considered, pending RAN1 approval.
2. PDCCH ordered early RACH is supported for inter-CU LTM.
3. For early TA acquisition, Rel-18 option is baseline. FFS for RAR based option.


In PDCCH ordered early RACH without RAR method, to avoid RACH resource conflict, the early RACH resources of one candidate cell should be different for different source gNB-DUs. This is the reason why RAN3 introduced the source gNB-DUs List in Early UL Sync Configuration in Rel-18. The gNB-DUs List ensures that the candidate gNB-DUs can allocate non-overlapping RACH resources for different source gNB-DUs.
In Rel-19 inter-CU LTM, two gNB-DUs of difference gNB-CUs may have the same gNB-DU ID. Therefore, to avoid early RACH resource conflict, the pair of (gNB ID, gNB-DU ID) needs to be transferred to the candidate gNB-CU, and then the candidate gNB-DUs during handover preparation.
Proposal 7: The pair of (gNB ID, gNB-DU ID) needs to be transferred to the candidate gNB-CU, and  then the candidate gNB-DUs during handover preparation, in order to avoid early RACH resource conflict. 
In Rel-18, on F1 interface, new messages (e.g. DU-CU/CU-DU TA Information Transfer) are introduced to transfer the TA information from candidate gNB-DU to source gNB-DU.
[bookmark: OLE_LINK239][bookmark: OLE_LINK240]In Rel-19 inter-CU LTM, in order to transfer the TA information between the candidate gNB and the source gNB on Xn, a new non-UE associated class 2 procedure, namely TA Information Transfer message is needed. In this message, source gNB-DU ID is needed to let the source gNB-CU know where to forward this TA information.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 8: Introduce a new non-UE associated class 2 procedure on Xn, namely TA information Transfer message to transfer the TA information from the candidate gNB-CU to the source gNB-CU including the Source gNB-DU ID.
Proposal 9: The F1AP messages DU-CU TA Information Transfer and CU-DU TA Information transfer are reused to transfer the TA information between the candidate gNB-DU and the candidate gNB-CU, and between the source gNB-CU and the source gNB-DU.
The parameters (e.g. candidate Cell ID, TA value, Preamble index, and RA-RNTI) included in F1AP TA Information Transfer messages are reused for inter-CU LTM. In addition, to let the candidate gNB-CU know where to forward the TA information, a source gNB ID is need in the corresponding DU-CU TA Information Transfer message.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK248][bookmark: OLE_LINK249][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Proposal 10: The parameters (e.g. candidate Cell ID, TA value, Preamble index, and RA-RNTI) included in F1AP TA Information Transfer messages are reused for inter-CU LTM. In addition, a source gNB ID is included in the DU-CU TA Information Transfer message.
0. LTM Execution
LTM cell switch notification
In Rel-18, when the source gNB-DU decides the LTM execution, new messages (e.g. DU-CU/CU-DU Cell Switch Notification) are introduced to notify the candidate gNB-DU about the target cell and target TCI states. For inter-CU LTM, a new class 2 XnAP procedure, namely LTM Cell Switch Notification should be introduced from the source gNB-CU to the candidate gNB-CU. Then the candidate gNB-CU reuses the existing F1AP CU-DU Cell Switch Notification message to forward the TCI states to the candidate gNB-DU. 
The IEs (e.g. target Cell ID and TCI state IDs) in F1AP Cell Switch Notification message can be reused for inter CU LTM. 
Proposal 11: A new XnAP class 2 procedure, namely LTM Cell Switch Notification is introduced on Xn to forward the target Cell ID and target TCI state IDs from the source gNB-CU to the target gNB-CU.
Proposal 12: The IEs  (e.g. target Cell ID and TCI state IDs) in F1AP Cell Switch Notification message are reused for inter CU LTM.
0. LTM Completion
After receiving the ACCESS SUCCESS message from the target gNB-DU, the target gNB-CU initiates the path switch procedure to CN via the existing path switch message and CN can start to forward the DL data to the target gNB-CU accordingly.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK23]Proposal 13: After receiving the ACCESS SUCCESS message from the target gNB-DU, the target gNB-CU initiates the path switch procedure to CN.
0. LTM Cancel
In Layer 3 handover, the Handover Cancel message is used by the source gNB to release the reserved resource in the target gNB. We think that this message can be also reused for source gNB initiated LTM cancel.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 14: The Handover Cancel message is reused by the source gNB to release the reserved resource for LTM candidate cells in the candidate gNBs.
On the other hand, it is also reasonable to support candidate gNB initiated LTM cancel. 
Proposal 15: Inter-CU LTM supports candidate gNB initiated LTM cancel. 
In this case, the candidate gNB needs to notify the serving gNB. However, in subsequent inter-CU LTM, the serving gNB of the UE will change. How the candidate gNB knows which candidate gNB is the current serving gNB of the UE needs further study. 
The straightforward thinking is that the candidate gNB always contacts the initial source gNB, then the initial source gNB forwards the Handover Cancel message to the current serving gNB of the UE. This makes the initial source gNB behave like an anchor gNB of the UE and requires the source gNB should be always informed by the new serving gNB after each LTM cell switch. 
Another option could be that after each LTM cell switch, the target gNB (the new serving gNB) notifies all candidate gNBs about the serving gNB change. E.g., the target gNB sending a Xn Handover Success message to all candidate gNBs.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Proposal 16: RAN3 to discuss how to support candidate gNB initiated LTM cancel in subsequent inter-CU LTM.
0. LTM configuration sync up among candidate gNBs
In addition, to support subsequent inter-CU LTM, some LTM configurations, e.g., early sync configuration, configuration ID, and data forwarding addresses, etc may need to sync up among candidate gNBs. 
Taking the  TCI states as an example, after the source gNB-CU collects the TCI state configuration of candidate cells in Handover Request Ack message, it should send the TCI state configuration to other candidate gNB-CUs.
In general, there are three options to sync up the TCI state configuration among candidate gNB-CUs. Option 1 is to sync up just after the initial handover preparation. Option 2 is that the source gNB sends the configuration to the target gNB once the LTM is initiated. Option 3 is when receiving the successful access notification from the target gNB. The three options are illustrated in Figure 1.
[image: ]
Figure 1: TCI state configuration transfer for subsequent inter-CU LTM
 In Rel-18 inter-DU intra-CU LTM, the following note is captured in stage 2:
NOTE 2: Step 7 may also be triggered after step 19, or after step 22 by implementation for subsequent LTM.
Basically,  the three options above can be mapped to the three cases of NOTE 2. However, the three options may have different Xn signalling requirements. For example, option 1 may need to introduce a new class 2 procedure between gNB like Handover Modification proposed by some companies at last meeting. Option 2 may also need new Xn signalling or reuse the Xn LTM Cell Notification message. Option 3 may have similar signalling requirements as option 1 and also require the target gNB to inform the source about the successful access to the target cell.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Proposal 17: RAN3 to discuss how the LTM configurations are synced up among candidate gNBs in case of subsequent LTM.  

0. UE associated Xn signalling connection setup between candidate gNBs
During LTM, the LTM Cell Switch Notification from the source gNB-CU to the target gNB-CU can be successfully transmitted for the first time cell switch, because the source gNB-CU and the target gNB-CU already have the NG-RAN node UE XnAP ID of each other. 
However, in subsequent inter-CU LTM, it is unclear how the new source gNB sends the LTM Cell Switch Notification to the target gNB and how the target gNB identify the correct UE, as there is no any Xn signalling connection setup procedure between these two gNBs beforehand.
One possible solution is that each candidate gNB allocates UE XnAP ID and send to other candidate gNBs in the preparation step. 
Another solution is that after each cell switch, the new serving gNB allocates the source node UE XnAP ID and send it to other candidate gNB-CUs, and then the candidate gNB-CUs reply with the target node UE XnAP ID. 
Proposal 18: RAN3 to discuss the UE associated Xn signalling connection setup between candidate gNBs in subsequent LTM case.
Conclusion
The following proposal are made based on the above discussion:
Proposal 1: The Rel-18 functionalities for intra-CU inter-DU LTM on F1 are reused as baseline in the discussion of F1 impact for inter-CU LTM unless additional requirements are identified.
LTM Preparation:
Proposal 2: RAN3 confirms that the source gNB-CU initiates the handover preparation procedure per candidate cell for inter-gNB-CU LTM.
Proposal 3: The source gNB-CU utilizes the candidate cells’ SSB configuration obtained from neighbour gNBs during Xn setup to produce the CSI resource configuration. 
Proposal 4: To support subsequent LTM, the source gNB-CU sends the CSI resource configuration of candidate cells to other candidate gNB-CUs.
Proposal 5: The candidate gNB-CU responds the full SSB Time/Frequency Configuration of candidate cells to the source gNB-CU in the Handover Request ACK message.
Proposal 6: The candidate gNB-CUs send the early sync configuration of candidate cells (incl. TCI states and RACH configuration) to the source gNB-CU in the Handover Request ACK message.
Early Synchronization:
Proposal 7: The pair of (gNB ID, gNB-DU ID) needs to be transferred to the candidate gNB-CU, and  then the candidate gNB-DUs during handover preparation, in order to avoid early RACH resource conflict. 
Proposal 8: Introduce a new non-UE associated class 2 procedure on Xn, namely TA information Transfer message to transfer the TA information from the candidate gNB-CU to the source gNB-CU including the Source gNB-DU ID.
Proposal 9: The F1AP messages DU-CU TA Information Transfer and CU-DU TA Information transfer are reused to transfer the TA information between the candidate gNB-DU and the candidate gNB-CU, and between the source gNB-CU and the source gNB-DU.
Proposal 10: The parameters (e.g. candidate Cell ID, TA value, Preamble index, and RA-RNTI) included in F1AP TA Information Transfer messages are reused for inter-CU LTM. In addition, a source gNB ID is included in the DU-CU TA Information Transfer message.
LTM Execution:
Proposal 11: A new XnAP class 2 procedure, namely LTM Cell Switch Notification is introduced on Xn to forward the target Cell ID and target TCI state IDs from the source gNB-CU to the target gNB-CU.
Proposal 12: The IEs  (e.g. target Cell ID and TCI state IDs) in F1AP Cell Switch Notification message are reused for inter CU LTM.
Proposal 13: After receiving the ACCESS SUCCESS message from the target gNB-DU, the target gNB-CU initiates the path switch procedure to CN.
LTM Cancel:
Proposal 14: The Handover Cancel message is reused by the source gNB to release the reserved resource for LTM candidate cells in the candidate gNBs.
Proposal 15: Inter-CU LTM supports candidate gNB initiated LTM cancel. 
Proposal 16: RAN3 to discuss how to support candidate gNB initiated LTM cancel in subsequent inter-CU LTM.
LTM configuration sync up among candidate gNBs:
Proposal 17: RAN3 to discuss how the LTM configurations are synced up among candidate gNBs in case of subsequent LTM.  
UE associated Xn signalling connection setup between candidate gNBs:
[bookmark: _GoBack]Proposal 18: RAN3 to discuss the UE associated Xn signalling connection setup between candidate gNBs in subsequent LTM case.
The TPs are provided in [1] and [2].
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