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1 Introduction
[WID]
In Rel18 WID of Further NR mobility Enhancements, the following objective was agreed [1]. 
1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized

[119-e agreements and assumptions]
In RAN2 119-e meeting, RAN2 made the following agreements and assumptions and send this to RAN1, RAN3 and RAN4 as LS [2].
Assumption: HO interruption time for L1/L2-based inter-cell mobility is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. FFS if TRS tracking after HO and CSI RS measurement should also be included, i.e. the time to use a high-performance beam (can be clarified further).
Assumption: To reduce HO interruption time, investigate e.g. solutions to reduce the time for UE reconfiguration (already in the WID), downlink and uplink synchronization after handover decision (other parts of dynamic switch not precluded).
Confirm to Support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).  
The design for intra-DU and inter-DU L1/L2-based mobility should share as much commonality as reasonable. FFS which aspects need to be different.
R2 assumes that L2 is continued whenever possible (e.g. intra-DU), without Reset, with the target to avoid data loss, and the additional delay of data recovery.
ICBM is one scenario considered for L1L2 mobility, but is not the only one, and is not a prerequisite for using L1L2 mobility.
RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration.
Measurement delay can/may be considered in this work
Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)
R2 will initially focus on PCell mobility. 
R2 assumption: Rel-18 L1/L2 mobility includes both non-CA (PCell only) and CA scenarios (PCell and SCell). This includes the following cases
a) the target PCell/target SCell(s) is not a current serving cell (CA  CA scenario with PCell change)
b) FFS the target PCell is a current SCell
c) FFS the target SCell is the current PCell.
DC scenarios are FFS (e.g. PSCell mobility may be a low hanging fruit FFS). 
Current options on the table: to configure a L1/L2 inter-cell mobility candidate cell:
a.	One RRCReconfiguration message for candidate target cell
b.	One CellGroupConfig IE for each candidate target cell
c.	One SpCellConfig IE for each candidate target cell
Will send an LS to RAN1 and RAN3 on the progress of this meeting. 

In this contribution, we propose a proposal related to switching including the security issue that has become an FFS in L1/L2 based inter-cell mobility.
2 Discussion
2.1. L1/L2 based inter-cell mobility whole procedure
It was agreed in RAN2 to support both inter-CU/inter-DU scenarios and to use a common framework whenever possible (Details is FFS) at the last 119-e meeting.
First, the procedures we consider as a baseline for L1/L2 based inter-cell mobility for each scenario are illustrated below.
[image: ]
[image: ]Fig1. L1/L2 based inter-cell mobility procedure (intra-DU)
Fig2. L1/L2 based inter-cell mobility procedure (inter-DU)

Each procedure is divided into two major phases. The first half is preparation phase and the second half is execution phase. We believe that a common message between network and UE should be used from the RAN2 perspective. The details of signalling between DUs and CUs depend on the decision of RAN3.
2.2. DC/CA based switching mechanism 
In L1/L2 based inter-cell mobility, the time chart created at the last 119-e meeting shows that reducing the interruption time between the receipt of a mobility command and the establishment of a connection with the target cell has a significant impact on mobility latency. Also, we are currently in the FFS phase of DC/CA state support.
[image: ]To reduce interruptions in mobility, we propose a DC/CA based switching mechanism that can be applied by supporting DC/CA. The CA based switching mechanism for intra-CU L1/L2 based inter-cell mobility is shown below.
Fig3. CA based switching mechanism
In the Preparation phase, the network determines the candidate cell after receiving the L3 measurement from the UE (RAN3issue how to set this up between CU and DU). In the Intra-DU case, the network adds the candidate cell as a deactivated SCell. The CA is temporarily established between the target cell and the source cell by the above.
In conventional CA, when adding a SCell, it is indicated in sCellToAddModList in the Cell Group Configuration, but in L/1L2 based mobility, the RRC modelling of the candidate cell is currently under discussion by RAN2. When using the CA based mechanism, the RRC procedure needs to be changed depending on whether the candidate cell is included in an existing IE or a new IE.
In the Execution phase, the UE receives the L1 measurement from the UE, switches the source cell and target cell, and changes the activated/deactivated state by the L1/L2 based mobility command. 
Observation 1: In L1/L2 based inter-cell mobility, it is important to reduce interruption time from the receipt of mobility command to the completion of mobility.
Proposal 1: Interrupt time can be reduced by applying a DC/CA based Switching mechanism in the L1/L2 based inter-cell mobility.
2.3. Security issue
In conventional HO, RRC messages are used for HO commands and messages related to measurements, and encryption and integrity checks are performed to ensure security. On the other hand, L1/L2 based inter-cell mobility is considering the use of L1 measurement as a trigger for HO and the use of L1/L2 messages for HO commands. No encryption and integrity checks are performed on both. Therefore, some problems may occur from a security perspective. For example, there is a concern about the handling of cell IDs: if L1/L2 signalling includes neighbour cell IDs or target cell IDs, there is a concern about the leakage of UE tracking information.
We propose a way to prevent a security issue by using a temporary cell ID in the L1 measurement report, L1/L2 based HO command.
· The network node assigns a temporary cell index to the cell PCI based on the L3 measurement.
· The network shares the temporary cell index for each candidate when setting up a candidate cell in the RRC reconfiguration for the UE.
· The UE uses the temporary cell index when sending the L1 measurement report.
· The network refers to the temporary cell index in the L1 measurement report to determine the target cell. When sending mobility command to the UE, the temporary cell index is used instead of the target cell PCI. The same effect can be obtained by using condReconfigId instead of temporary cell index.
By sharing the correspondence between the temporary cell index and the cell PCI between the network and the UE as described above, it is considered that security issues can be avoided.
Observation 2: Security issues such as PCI leakage can occur when using L1/L2 signalling in L1 measurement report or mobility command.
Proposal 2: Security issues can be avoided by using a common temporary cell index between UE and network.
Proposal 3: RAN2 further study the integrity protection of L1L2 signalling based measurement report or mobility command.
3 Conclusion
Based on the above discussion, we have the following observations and proposals:
Observation 1: In L1/L2 based inter-cell mobility, it is important to reduce interruption time from the receipt of mobility command to the completion of mobility.
Proposal 1: Interrupt time can be reduced by applying a DC/CA based Switching mechanism in the L1/L2 based inter-cell mobility.
Observation 2: Security issues such as PCI leakage can occur when using L1/L2 signalling in L1 measurement report or mobility command.
Proposal 2: Security issues can be avoided by using a common temporary cell index between UE and network.
Proposal 3: RAN2 further study the integrity protection of L1L2 signalling based measurement report or mobility command.
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