[bookmark: _GoBack]3GPP TSG-RAN WG3 #124                                                                      R3-243668
Fukuoka, Japan, 20th – 24th May 2024
Agenda item:	13.2
Source:	Samsung	
Title:	Discussion on Inter-CU LTM
Document for:	Discussion & Decision
Introduction
RAN3 started the discussion on inter-CU LTM in RAN3#123bis meeting, and below agreements are achieved:
	Prioritize to support inter-CU LTM over Xn interface, and RAN3 specify the inter-CU LTM solutions for standalone scenario first.
[bookmark: OLE_LINK20]Reuse existing Xn Handover Request and Handover Request ACK for Inter-CU LTM initial preparation. 
Confirm the case that inter-CU LTM is not configured in both MCG and SCG at the same time.
Early data forwarding can be supported for inter-CU LTM. When to trigger can be further discussed. 
Cell Switch Notification from source DU to target DU (in different gNB from source) for LTM execution.
Discuss on the inter-CU LTM solutions for standalone scenario…



In this paper, we will further discuss the scenario of inter-CU LTM and the potential network interface impact.
Discussion
First, to achieve the analysis for network interface impact in the scenario of inter-CU LTM, we draw the potential message flows of the whole inter-CU LTM process as shown in the below Fig.1, and provide the basic description for each involved message flows, and finally summarize our proposals.


Fig.1 Message Flows for Inter-CU LTM
The procedure for inter-gNB-CU LTM is as follows:
1.	The UE sends a MeasurementReport message (L3 measurement result) to the source gNB-DU containing measurements of inter-gNB neighbouring cells. The source gNB-DU sends an UL RRC MESSAGE TRANSFER message conveying the received MeasurementReport message to the gNB-CU.
2.	The source gNB-CU determines to initiate inter-gNB LTM configuration.
3.	Source gNB-CU sends a HANDOVER REQUEST message to the candidate gNB-CU(s) for each candidate cell to request LTM configurations, which carries a LTM Information Request IE containing a LTM Indicator, LTM Reference Configuration (if available) or an indication of its request, SSB/CSI Resource Configuration of candidate cells (if available), LTM configuration ID mapping list, and Early Sync Information Request which can contain a list of gNB-DU ID(s) associated with Source gNB-CU (including Source gNB-DU) and Candidate gNB-CUs if LTM gNB is split gNB or a list of gNB ID(s) associated with Source gNB and Candidate gNB if LTM gNB is aggregated gNB.  FFS on other detail information.
[bookmark: OLE_LINK75][bookmark: OLE_LINK76]4.  If the candidate gNB-CU accepts the request of LTM configuration, it sends a UE CONTEXT SETUP REQUEST message to the candidate gNB-DU(s) for each candidate cell to request LTM configurations, containing one target candidate cell ID, LTM configuration ID mapping list, and the CSI resource configuration for subsequent LTM. The gNB-CU may request PRACH resources from the candidate gNB-DU(s). The gNB-CU may request the candidate gNB-DU to provide the lower layer configuration for the purpose of generating the reference configuration or provide the lower layer reference configuration to the candidate gNB-DU.
5.	If the candidate gNB-DU accepts the request of LTM configuration, it responds with a UE CONTEXT SETUP RESPONSE message including the generated lower layer RRC configurations for the accepted target candidate cell.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]6.  If the candidate gNB-CU accepts the request of LTM configuration, it responds with a HANDOVER REQUEST ACKNOWLEDGE including LTM configuration information of LTM candidate cell to the source gNB-CU, which may contain LTM reference configuration if requested or Complete Configuration Indicator, SSB/CSI resource configuration allocated by the requested candidate cell, Early Sync Information which contains DL/UL early sync info allocated by the requested candidate cell and Data Forwarding proposal information(which to be used for subsequent LTM). FFS on other detail information. The HANDOVER REQUEST ACKNOWLEDGE message is sent for each candidate cell.
[bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK11]7.	The source gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message to the source gNB-DU including the information related to early sync and the LTM configuration IDs for the accepted target candidate cell(s) in other candidate gNB-CU(s).
8.	The source gNB-DU responds with a UE CONTEXT MODIFICATION RESPONSE message which includes an updated lower layer configuration, e.g., containing the updated CSI report configuration of the source cell.
9.	The source gNB-CU may send a UE associated XnAP message (FFS whether to reuse existing message, i.e., HANDOVER REQUEST with new code-point or to define a new message, e.g., LTM/HANDOVER MODIFICATION REQUEST) to the candidate gNB(s) containing the information for subsequent LTM, which may contain SSB/CSI resource configuration allocated for all the accepted candidate cells, LTM Reference Configuration(if available), LTM configuration ID mapping list, Early Sync Information which contains DL/UL early sync info allocated by each accepted candidate cell, Data Forwarding TNLs assigned by other involved gNB-CU(s) and LTM Cells To Be Released List. FFS on other detail information.
[bookmark: OLE_LINK41][bookmark: OLE_LINK38][bookmark: OLE_LINK8][bookmark: OLE_LINK5]10.	The candidate gNB-CU may send a UE CONTEXT MODIFICATION REQUEST message to the candidate gNB-DU(s) containing the information for subsequent LTM or for updating the configurations of candidate cells. The gNB-CU may also provide the lower layer part of the reference configuration to the candidate gNB-DU(s).
[bookmark: _Hlk151805859][bookmark: OLE_LINK40][bookmark: OLE_LINK39][bookmark: _Hlk165897704]11.	The candidate gNB-DU responds with a UE CONTEXT MODIFICATION RESPONSE message including the updated lower layer configuration(e.g., the updated CSI report configuration).
12.	The candidate gNB-CU responds with a UE associated XnAP message (FFS whether to reuse existing message, i.e., HANDOVER REQUEST ACKNOWLEDGE or to define a new message, e.g., LTM/HANDOVER MODIFICATION REQUEST ACKNOWLEDGE) including the updated lower layer configuration (e.g., the updated CSI report configuration). FFS on other detail information.
13.	The source gNB-CU sends a DL RRC MESSAGE TRANSFER message to the source gNB-DU, which includes the generated RRCReconfiguration message with the LTM configuration.
14.	The source gNB-DU forwards the received RRCReconfiguration message to the UE.
15.	The UE responds to the source gNB-DU with an RRCReconfigurationComplete message.
16.	The source gNB-DU forwards the RRCReconfigurationComplete message to the source gNB-CU via an UL RRC MESSAGE TRANSFER message.
17. If early data forwarding is applied, the source gNB sends the EARLY STATUS TRANSFER message to other candidate gNB(s).
18.	Early synchronization to the target candidate cell(s) may be performed. UE performs early TA acquisition with the candidate cell(s) as requested by the network before receiving the cell switch command. This is done via CFRA triggered by a PDCCH order from the source cell, following which the UE sends preamble towards the indicated candidate cell. In order to minimize the data interruption of the source cell due to CFRA towards the candidate cell(s), the UE does not receive random access response from the network for the purpose of TA value acquisition and the TA value of the candidate cell is indicated in the cell switch command.
19. The candidate gNB-DU sends the TA value, the associated CFRA resource information and the candidate cell ID in the DU-CU TA INFORMATION TRANSFER message to the candidate gNB-CU.
20.	The candidate gNB-CU forwards the TA value, the associated CFRA resource information and the candidate cell ID to source gNB-CU via an XnAP signaling (FFS on message name, e.g., TA INFORMATION TRANSFER).
21. The source gNB-CU forwards the TA value, and the associated CFRA resource information to the source gNB-DU in the CU-DU TA INFORMATION TRANSFER message.
22.	The UE sends the L1 measurement result to the source gNB-DU.
23.	The source gNB-DU decides to execute LTM to a candidate target cell.
24.	The source gNB-DU sends the Cell Switch command to the UE via MAC CE.
25.	The source gNB-DU sends the DU-CU CELL SWITCH NOTIFICATION message to source gNB-CU to indicate the initiation of the Cell Switch command to the UE, for which the message includes the target cell ID, the TCI state ID, and the TA values for subsequent LTM.
26.	The source gNB-CU forwards the target cell ID, the TCI state ID, and the TA values for subsequent LTM to target gNB-CU via an XnAP signaling (FFS on message name, e.g., CELL SWITCH NOTIFICATION).
27.	The target gNB-CU forwards the target cell ID, the TCI state ID, and the TA values for subsequent LTM to the target gNB-DU in the CU-DU CELL SWITCH NOTIFICATION message.
28.	The target gNB-DU detects the UE access.
29.	The target gNB-DU sends the ACCESS SUCCESS message to the target gNB-CU with the target cell ID.
30.	The UE sends an RRCReconfigurationComplete message to the target gNB-DU.
31.	The target gNB-DU forwards the RRCReconfigurationComplete message to the target gNB-CU via an UL RRC MESSAGE TRANSFER message.
32.	The target gNB-CU sends the HANDOVER SUCCESS message to the source gNB-CU to inform that the UE has successfully accessed the target cell.
33.	The source gNB-CU sends the SN STATUS TRANSFER message for the late data forwarding.
NOTE 1: Late data forwarding may be initiated as soon as the source gNB-CU receives the DU-CU CELL SWITCH NOTIFICATION message from source gNB-DU in step 25.
34. The target gNB-CU sends a PATH SWITCH REQUEST message to 5GC(AMF) to trigger 5GC to switch the DL data path towards the target gNB-CU and to establish an NG-C interface instance towards the target gNB-CU.
35.	The 5GC(AMF) confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message to target gNB-CU.
36.	Upon reception of the PATH SWITCH REQUEST ACKNOWLEDGE message from the 5GC(AMF), the target gNB-CU may send the UE CONTEXT RELEASE to inform the source gNB-CU about the success of the handover. The source gNB may then release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.
37.	The source gNB-CU may send the UE CONTEXT RELEASE COMMAND message to the source gNB-DU to release the resources of source cell.
38.	The source gNB-DU responds with a UE CONTEXT RELEASE COMPLETE message.
39.	For the subsequent LTM, if early data forwarding is applied, the new source gNB sends the EARLY STATUS TRANSFER message to other candidate gNB(s).
NOTE 2: The steps 18-39 can be performed multiple times for the following execution of subsequent LTM.

From the above overview of inter-CU LTM procedure, the impacts on Xn interface mainly reflected in the following aspects:
- Regarding the initiation of LTM, we already reached the agreement Reuse existing Xn Handover Request and Handover Request ACK for Inter-CU LTM initial preparation. However, need FFS on the detail information in HO REQ/ACK. Following similar enhancements for F1AP UE Context Setup Request/Response message in Rel-18 Intra-CU LTM procedure, we propose the following.
Proposal 1: Enhance Handover Request and Handover Request Acknowledge message with below related LTM information included for the LTM preparations. FFS on other detail information.
· HO REQ message to include:
· LTM Information Request IE 
· LTM indicator = initiation
· LTM reference configuration (if available), or its request. 
· SSB / CSI resource configuration of candidate cells (if available)
· LTM configuration ID mapping list
· Early Sync Information Request IE
· a list of gNB-DU ID(s) associated with Source gNB-CU(including Source gNB-DU) and Candidate gNB-CUs if LTM gNB is split gNB
· a list of gNB ID(s) associated with Source gNB and Candidate gNBs if LTM gNB is aggregated gNB
· HO REQ ACK message to include:
· LTM Information Acknowledge IE 
· LTM reference configuration if requested 
· Complete configuration indicator
· SSB / CSI resource configuration allocated by the requested candidate cell
· Early Sync Information which contains DL/UL early sync info allocated by the requested candidate cell. Wherein UL early sync info including the different CFRA resource for different LTM gNB-DU/gNB for early TA acquisition
· Data Forwarding Proposal information (to be used later for subsequent LTM when this candidate gNB is selected for access)
- For supporting subsequent inter-CU/gNB LTM, Step 9~12 may also be triggered after the first round of initial LTM preparations, because the collected LTM configuration information of accepted candidate cells need to be transmitted to other each candidate gNB. Therefore, we propose the following.
Proposal 2: Introduce a Class-1 UE associated XnAP message to transfer LTM configuration information of accepted candidate cells to other each candidate gNB for subsequent LTM with below related LTM information included (FFS whether to reuse existing message, i.e., HANDOVER REQUEST with new code-point or to define a new message, e.g., HANDOVER/LTM MODIFICATION REQUEST/ACKNOWLEDGE) and FFS on the other detail information.
· HO/LTM MOD REQ or HO REQ message to include:
· LTM Information Request IE 
· LTM indicator = modification
· SSB/CSI resource configuration allocated for all the accepted candidate cells
· LTM reference configuration
· LTM configuration ID mapping list 
· Early Sync Information which contains DL/UL early sync info allocated by each accepted candidate cell. 
· Data Forwarding TNLs assigned by other involved gNB(s)
· LTM Cells To Be Released List
· HO/LTM MOD REQ ACK or HO ACK message to include:
· [bookmark: OLE_LINK7][bookmark: OLE_LINK9]LTM Information Acknowledge IE 
· Complete configuration indicator for each admitted candidate cell
- Regarding the early data forwarding, we already reached the agreement Early data forwarding can be supported for inter-CU LTM. When to trigger can be further discussed. Refer to the Figure 9.2.3.4.2-1 in TS38.300-i10 for the Intra-AMF/UPF Conditional Handover procedure, we can see the early data forwarding is applied after the step 7 UE sends an RRCReconfigurationComplete message to the source gNB. 
	7. The UE sends an RRCReconfigurationComplete message to the source gNB.
7a If early data forwarding is applied, the source gNB sends the EARLY STATUS TRANSFER message.


Following the similar mechanism, we propose the following.
Proposal 3: During inter-CU LTM preparation phase, start early data forwarding after source gNB receives the RRC Reconfiguration Complete from UE.
- Regarding the early data forwarding in the following LTM phase, we propose that early data forwarding from target gNB to other candidate gNB(s) can start after target gNB completes the path switch procedure with the 5GC. Therefore, we propose the following.
Proposal 4: During subsequent LTM phase, start early data forwarding after target gNB receives the Path Switch Request Acknowledge message from the 5GC.
[bookmark: OLE_LINK1]- Regarding early TA information transfer from candidate gNB-DU to source gNB-DU via candidate gNB-CU and source gNB-CU, in step20, candidate gNB-CU needs to forward TA related information to source gNB-CU via an XnAP message. Due to R18 F1AP DU-CU/CU-DU TA INFORMATION TRANSFER message is a non-UE associated message, to inherit the legacy principle, we suggest this XnAP message is also specified a non-UE associated message. Furthermore, following the current detail IEs in F1AP DU-CU/CU-DU TA INFORMATION TRANSFER, we have a below proposal.
Proposal 5: Introduce a new non-UE associated XnAP message to transfer early TA information from candidate gNB to source gNB with below related LTM information included (FFS on message name, e.g., TA INFORMATION TRANSFER) and FFS on the other detail information.
· XnAP TA INFORMATION TRANSFER message to include:
· Candidate Cell ID
· TA value
· Preamble Index
· RA-RNTI
· Source gNB-DU ID(if source gNB is a split-gNB and early TA CFRA resource is allocated per-gNB-DU)
· Source gNB ID(indicate source gNB)
- Regarding cell switch notification from source gNB-DU to candidate gNB-DU via source gNB-CU and candidate gNB-CU, we already reached the agreement Cell Switch Notification from source DU to target DU (in different gNB from source) for LTM execution. In step 26, source gNB-CU needs to forward cell switch notification information to candidate gNB-CU via an XnAP message. Following the current detail IEs in F1AP DU-CU CELL SWITCH NOTIFICATION, we have a below proposal.
Proposal 6: Cell Switch Notification information from source gNB to candidate gNB with below related LTM information included (FFS on message name, e.g., CELL SWITCH NOTIFICATION) and FFS on the other detail information.
· XnAP CELL SWITCH NOTIFICATION message to include:
· Target cell ID 
· TCI state info of target cell
·  TA values of candidate cells for subsequent LTM
Conclusion
This contribution firstly analyses the whole message flows of inter-CU LTM in SA and propose some enhancements for Xn interface in below aspects. Therefore we invite RAN3 to agree below proposals for supporting the basic inter-CU LTM procedure.
LTM Preparation
Proposal 1: Enhance Handover Request and Handover Request Acknowledge message with below related LTM information included for the LTM preparations. FFS on other detail information.
· HO REQ message to include:
· LTM Information Request IE 
· LTM indicator
· LTM reference configuration (if available), or its request. 
· SSB / CSI resource configuration of candidate cells (if available)
· LTM configuration ID mapping list
· Early Sync Information Request IE
· a list of gNB-DU ID(s) associated with Source gNB-CU(including Source gNB-DU) and Candidate gNB-CUs if LTM gNB is split gNB
· a list of gNB ID(s) associated with Source gNB and Candidate gNBs if LTM gNB is aggregated gNB
· HO REQ ACK message to include:
· LTM Information Acknowledge IE 
· LTM reference configuration if requested 
· Complete configuration indicator
· SSB / CSI resource configuration allocated by the requested candidate cell
· Early Sync Information which contains DL/UL early sync info allocated by the requested candidate cell. Wherein UL early sync info including the different CFRA resource for different LTM gNB-DU/gNB for early TA acquisition
· Data Forwarding Proposal information (to be used later for subsequent LTM when this candidate gNB is selected for access)
Subsequent LTM
Proposal 2: Introduce a Class-1 UE associated XnAP message to transfer LTM configuration information of accepted candidate cells to other each candidate gNB for subsequent LTM with below related LTM information included (FFS whether to reuse existing message, i.e., HANDOVER REQUEST with new code-point or to define a new message, e.g., HANDOVER/LTM MODIFICATION REQUEST/ACKNOWLEDGE) and FFS on the other detail information.
· HO/LTM MOD REQ or HO REQ message to include:
· LTM Information Request IE 
· LTM indicator = modification
· SSB/CSI resource configuration allocated for all the accepted candidate cells
·  LTM reference configuration
· LTM configuration ID mapping list 
· Early Sync Information which contains DL/UL early sync info allocated by each accepted candidate cell. 
· Data Forwarding TNLs assigned by other involved gNB(s)
· LTM Cells To Be Released List
· HO/LTM MOD REQ ACK or HO ACK message to include:
· LTM Information Acknowledge IE 
· Complete configuration indicator for each admitted candidate cell
Early Data Forwarding
Proposal 3: During inter-CU LTM preparation phase, start early data forwarding after source gNB receives the RRC Reconfiguration Complete from UE.
Proposal 4: During subsequent LTM phase, start early data forwarding after target gNB receives the Path Switch Request Acknowledge message from the 5GC.
Early TA Info Transfer
Proposal 5: Introduce a new non-UE associated XnAP message to transfer early TA information from candidate gNB to source gNB with below related LTM information included (FFS on message name, e.g., TA INFORMATION TRANSFER) and FFS on the other detail information.
· XnAP TA INFORMATION TRANSFER message to include:
· Candidate Cell ID
· TA value
· Preamble Index
· RA-RNTI
· Source gNB-DU ID(if source gNB is a split-gNB and early TA CFRA resource is allocated per-gNB-DU)
· Source gNB ID(indicate source gNB)
Cell Switch Notification
Proposal 6: Cell Switch Notification information from source gNB to candidate gNB with below related LTM information included (FFS on message name, e.g., CELL SWITCH NOTIFICATION) and FFS on the other detail information.
· XnAP CELL SWITCH NOTIFICATION message to include:
· Target cell ID 
· TCI state info of target cell
·  TA values of candidate cells for subsequent LTM
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