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1. Introduction
[bookmark: _Hlk118141910]According to the WID [1], Release 18 LTM is extended to support the inter-CU scenario. This paper will discuss the scenarios and the basic procedure of inter-CU LTM. The potential critical issues that need to be addressed to support inter-CU LTM are also discussed.
· Specify support for inter-CU Layer 2 Mobility (LTM) [RAN2, RAN3]
· Prioritize the case when CU is acting as MN when DC is not configured
· As secondary priority, support the case when NR-DC is configured and CU is acting as SN and MCG is unchanged
· As secondary priority, support the case when NR-DC is configured, CU is acting as MN and SCG is unchanged or SCG is released
· Note: The case that LTM is configured in both MCG and SCG is excluded 
· Specify support for subsequent LTM mobility procedures aiming to avoid RRC configuration between cell switches as per Rel-18 LTM
· Coordination with SA3 needed with respect to security key handling 
· Note: Rel. 18 intra-CU LTM procedure is considered as baseline for adding inter-CU support

2. Discussion
2.1. [bookmark: _Hlk117151813][bookmark: _Hlk149925043]Scenario analysis 
In the WID, the following three scenarios of inter-CU LTM are mentioned:
· Scenario 1: CU is acting as MN when DC is not configured.
· Scenario 2: NR-DC is configured, CU is acting as SN and MCG is unchanged.
· Scenario 3: NR-DC is configured, CU is acting as MN and SCG is unchanged.
Considering the completeness of the LTM feature, all three scenarios mentioned above, including standalone and NR-DC cases, should be supported in our view. However, it is noted that for most of the LTM processes, standalone and NR-DC share the same procedures, such as L1 measurement and reporting, L2 reset, early DL/UL synchronization, and LTM completion. The main difference between standalone and NR-DC cases lies in the security key updates and radio bearer handling. Therefore, the procedure for NR-DC cases (scenarios 2 and 3) could be discussed after the stage 2 basic procedure of inter-MN LTM without DC (scenario 1) is determined. Once we have finished the basic procedure design of the standalone case, we can then proceed to discuss the differences between scenarios 1, 2, and 3.
Proposal 1: The procedure for NR-DC cases could be discussed after determining the stage-2 basic procedure of inter-MN LTM without DC configured. 
In NR, there are two types of inter-gNB handover: Xn-based handover and N2-based handover. N2-based handover is mainly used when the source gNB and target gNB have no active Xn interface or the Xn interface is not permitted for handover, which may not be a typical scenario in the existing networks. Additionally, supporting N2-based LTM may introduce significant SA2 impacts and result in increased complexity for inter-CU LTM.
In Rel-16 CHO, only Xn-based CHO is supported and S1/N2-based CHO is not supported for simplicity. 
RAN2# 107 Agreements
1. S1/N2-based CHO is not supported for Release 16. RAN3 impacts to be discussed in RAN3. If we want to support this, the WID has to be updated and SA2 impacts identified.
Following a similar logic, we suggest to prioritize Xn-based inter-CU LTM in Rel-19.
Proposal 2: Xn-based inter-CU LTM is prioritized in Rel-19 and whether to support N2-based inter-CU LTM can be studied further. 
2.2. Basic procedure for inter-CU LTM 
Since intra-CU LTM is already supported in Rel-18 and most of the procedures and framework of intra-CU LTM can be reused for inter-CU LTM, we can discuss inter-CU LTM starting from a stage-2 signaling flow and analyze the difference between intra-CU LTM and inter-CU LTM. We provide the following state-2 signaling flow for inter-CU LTM and identify the steps that need to be differentiated between intra-CU LTM and inter-CU LTM. For readability, we have highlighted the differences in procedure between inter-CU LTM and intra-CU LTM in red.


Figure 1. Stage-2 signaling flow for inter-CU LTM
LTM Preparation
· The UE sends a MeasurementReport message to the source gNB. The source gNB decides to configure LTM and initiates LTM preparation.
· The source gNB and candidate gNB(s) interact through the Xn interface to prepare for LTM.
· The source gNB transmits an RRCReconfiguration message to the UE including the LTM candidate configurations. The UE stores the LTM candidate configurations and transmits an RRCReconfigurationComplete message to the gNB.
Early Sync
· The UE performs DL synchronization with the candidate cell(s) before receiving the cell switch command.
· The UE acquires the TA values(s) of the candidate cell(s) by performing UE-based TA measurement if configured or performing early TA acquisition with the candidate cell(s) as requested by the network
LTM Execution
· The UE performs L1 measurements on the configured candidate cell(s) and transmits L1 measurement reports to the source gNB.
· The source gNB decides to execute cell switch to a target cell and transmits a MAC CE triggering cell switch by including the candidate configuration index of the target cell. 
· The source gNB sends a Cell Switch Notification message to the target gNB to indicate the initiation of the Cell Switch command to the UE, for which the message includes the target cell ID and the TCI state ID. 
· The source gNB sends the SN STATUS TRANSFER message to the target gNB for data forwarding.
· The UE switches to the target cell and applies the configuration indicated by the candidate configuration index.
· The UE performs the random access procedure towards the target cell if no valid TA of the target cell has been acquired.
Handover Complete
· UE completes the LTM cell switch procedure by sending RRCReconfigurationComplete message to the target cell. If the UE has performed an RA procedure, the UE considers that LTM cell switch execution is successfully completed when the random access procedure is successfully completed. For RACH-less LTM, the UE considers that LTM cell switch execution is successfully completed when the UE determines that the network has successfully received its first UL data.
· DL data path from UPF is switched from the source gNB to the target gNB
From the steps above, we can see that the main difference in state-2 procedure between intra-CU and inter-CU LTM lies in the impacts of the Xn interface and NG interface, which should be discussed in RAN3. Therefore, an LS should be sent to RAN3 including the state-2 signaling flow of inter-CU LTM.
Proposal 3: Adopt the above state-2 signaling flow for inter-CU LTM as the baseline procedure for further discussion. 
Proposal 4: Send an LS to RAN3 for designing the Xn signalling for inter-CU LTM. 
2.3. Potential critical issues
In this section, we discuss the potential critical issues that may need to be discussed and addressed for supporting inter-CU LTM.
L1 measurement and report
In Rel-18, the LTM-Config IE includes the RS configuration for candidate cells and the LTM CSI resource configuration, while the LTM CSI report configuration is included in the ServingCellConfig IE of the serving cell and each candidate cell. The LTM CSI report configuration is associated with the LTM CSI resource configuration so that the UE knows which RS of which cell should be measured and reported in the current serving cell.
The L1 measurement and report framework can be reused for inter-CU LTM, particularly for SSB-based L1 measurement and network-initiated L1 measurement reporting. However, the impacts on the framework for CSI-RS-based L1 measurement and UE-initiated L1 measurement report need to be discussed after the solutions for CSI-RS measurement and UE-initiated L1 measurement reporting are determined.
Proposal 5: Reuse the L1 measurement and report framework in Rel-18 intra-CU LTM as much as possible. Framework impacts for CSI-RS-based L1 measurement and UE-initiated L1 measurement reporting are FFS.
L2 reset
Security update is not supported in Rel-18 LTM as the PDCP anchor remains unchanged for intra-CU LTM. However, in Rel-19 inter-CU LTM, the PDCP anchor is changed when CU is changed (for MN or SN), so UE needs to perform PDCP/RLC re-establishment and security key update in accordance with the security key parameters provided by the network.
Proposal 6:  UE performs PDCP/RLC re-establishment and security key update when the target cell is an inter-CU LTM candidate cell.

Security key handling for subsequent LTM
In Rel-19, subsequent inter-CU LTM is supported, and RAN2 aims to avoid RRC reconfiguration between cell switches according to the WID. 
Observation 1: According to the WID, supporting subsequent LTM procedures aims to avoid RRC configuration between cell switches.
However, in the current NR system, security parameters provided in the RRC configuration of the target cell can only be used once during handover. Therefore, how to support subsequent security key update without RRC reconfiguration needs to be considered.
To address the issue, the UE should be able to acquire the security key parameters of the target cell without the need for RRC reconfiguration during subsequent LTM. From our perspective, there may be two potential approaches to handling this issue:
· Approach 1: The network provides a list of security key parameter(s) during the LTM preparation to UE to be used for subsequent LTM.
· Approach 2: Transmit the security key parameter(e.g. NCC) to the UE within the LTM cell switch command MAC CE for each inter-CU LTM cell switch.
Approach 1 is similar to the solution for subsequent CPAC in Rel-18, which provides multiple sk-counter for each candidate SN, allowing the UE to use a sk-counter every time it performs inter-SN CPC. However, for inter-MN LTM, the security key parameters (e.g., NH and NCC) come from the AMF, which means the solution for inter-MN LTM will involve much interaction between the AMF and the candidate gNB(s) during LTM preparation and may introduce SA3 impact.

Compared with approach 1, approach 2 is much simpler, as it involves carrying the security key parameters in the cell switch command just like for legacy L3 handover. The only difference is that the security key parameter is included in the MAC CE instead of the RRCReconfiguration message. 

We prefer to use approach 2 for addressing the subsequent security key update issue since it has minimal specification impact and can easily support the subsequent LTM. However, there may be concerns about potential leakage of the security key parameter (e.g. NCC), as the MAC CE is transmitted without encryption and integrity protection compared to the RRC message. We propose sending an LS to SA3 to check whether there are potential security issues transmitting the security parameter in the LTM cell switch command.

Proposal 7:  The security key parameter can be transmitted to the UE within the LTM cell switch command when the target cell is an inter-CU candidate cell.
Proposal 8: Send an LS to SA3 to check whether there are potential security issues transmitting the security parameter(s) in the LTM cell switch command. 

RACH-less LTM
For early TA acquisition, Rel-18 intra-CU LTM supports both UE-based TA measurement and PDCCH order triggered early RACH towards candidate cells. Both options could be supported in Rel-19 inter-CU LTM with just some enhancements to support the exchange of the RACH configuration and TA information in the Xn interface.
Proposal 9: Inter-CU LTM supports both UE-based TA measurement and PDCCH order triggered early RACH with candidate cells.

In Rel-18, after the UE receives the LTM cell switch command, if the UE has measured the TA of the target cell or the TA value is indicated in the cell switch command, RACH-less LTM will be performed by the UE using the UL grant provided by dynamic grant scheduling or configured grant scheduling. For inter-CU LTM, both DG and CG-based RACH-less can be supported with some enhancements in the Xn interface.
Proposal 10: Both DG and CG-based RACH-less in Rel-18 LTM are supported for Rel-19 inter-CU LTM.
3. Conclusion
In this contribution, we have discussed the scenarios, the basic procedure, and also the potential critical issues for inter-CU LTM. We have the following observations and proposals:
Observation 1: According to the WID, supporting subsequent LTM procedures aims to avoid RRC configuration between cell switches.
Proposal 1: The procedure for NR-DC cases could be discussed after determining the stage-2 basic procedure of inter-MN LTM without DC configured. 
Proposal 2: Xn-based inter-CU LTM is prioritized in Rel-19 and whether to support N2-based inter-CU LTM can be studied further. 
Proposal 3: Adopt the above state-2 signaling flow for inter-CU LTM as the baseline procedure for further discussion. 
Proposal 4: Send an LS to RAN3 for designing the Xn signalling for inter-CU LTM. 
Proposal 5: Reuse the L1 measurement and report framework in Rel-18 intra-CU LTM as much as possible. Framework impacts for CSI-RS-based L1 measurement and UE-initiated L1 measurement reporting are FFS.
Proposal 6:  UE performs PDCP/RLC re-establishment and security key update when the target cell is an inter-CU LTM candidate cell.
Proposal 7:  The security key parameter can be transmitted to the UE within the LTM cell switch command when the target cell is an inter-CU candidate cell.
Proposal 8: Send an LS to SA3 to check whether there are potential security issues transmitting the security parameter(s) in the LTM cell switch command. 
Proposal 9: Inter-CU LTM supports both UE-based TA measurement and PDCCH order triggered early RACH with candidate cells.
Proposal 10: Both DG and CG-based RACH-less in Rel-18 LTM are supported for Rel-19 inter-CU LTM.
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