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1.  Introduction
L1/L2-triggered mobility (LTM) aims at reducing the latency during cell switch [1]. Main steps are: 1) the network provides candidate cells pre-configuration to the UE, 2) the UE reports L1 measurement results, 3) the network triggers a cell switch command, and 4) the UE switches to the target cell. In this contribution, we further analyse the cell switch procedure, including the content of the cell switch command, the L1 measurement that triggers the cell switch and cell switch failure handling. In addition, we discuss the scenario where LTM is enabled together with legacy L3 handover.
2. Discussion
2.1 L1 measurement and RAN1 LS related
The source DU can indicate a target beam for target cell to the UE. The source DU needs the L1 measurement results from the UE to makes the target cell and target beam selection. The UE measures and reports candidate cells RS only after the UE receives the candidate cells configuration. Therefore, the network first need to prepare some candidate cells. Regarding the candidate cell preparation, the network does not need very frequent and beam level measurement results, so L3 measurement results can be utilized to complete the preparation. In addition, the L3 report is read by the CU and the CU knows the neighbour cell relationships. Therefore, L3 measurements are also needed, e.g., for LTM candidate cell preparation. It means RAN1 does not need to enhance the L1 measurement to achieve the candidate cell discovery. And, even if the L1 measurement is configured, the UE is still configured with the L3 measurement at the same time. 
Proposal 1: L3 measurements are used for LTM candidate cell preparation. RAN1 can assume that L1 measurements are no needed for LTM candidate cell preparation/discovery phase. 
After the UE receives candidate cells pre-configuration, the UE can begin L1 measurement and report for LTM cell switch decision. As for L1 measurement and report configuration, CSI-ReportConfig is associated with CSI-ResourceConfig. By this association, the UE knows the UL resource to report the L1 measurement results. In CU-DU split architecture, the DU generates the L1 measurement related configuration and provides it to the CU to include it in the RRC configuration message. In the inter-DU L1/L2 mobility case, the candidate DU needs to provide the candidate cells RS configuration to the source DU via the CU. Then the source DU associates the candidate cells RS with the serving cell report configuration. This procedure is shown in the figure below.
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Proposal 2a: In inter-DU LTM, the candidate DU provides the configuration of candidate cells RS to the source DU via the CU, which is used for L1 measurement configuration before cell switch.
Proposal 2b: In inter-DU LTM, the source DU configures L1 measurement/report to UE as the serving cell configuration.
There is a LS [2] from RAN1 asking the measurement RS configuration and TCI state configuration in inter-DU scenario.
	1. L1 measurement and TCI state configurations
RAN1 has started the discussion on the configuration for L1 measurement and TCI states for candidate cells. Regarding the following RAN2 agreements captured in RAN2 LS (R1-2208331/R2-2209257), it is not clear for RAN1 which kind of information/configuration for candidate cell(s) are available at a serving cell for inter-DU case for Rel-18 L1/L2 mobility. Thus, companies have different understanding on the implication of the sentence “as much commonality as reasonable” in the LS.
· 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.

Question 3 (to RAN2 and RAN3): RAN1 respectfully asks RAN2 and RAN3 if the serving DU knows the measurement RS configuration and TCI state configuration of cells served by another DU.


According to the above analysis, the source DU needs to know the measurement RS configuration of candidate cells, and associate those RS with the serving cell report resources. As for TCI state configuration of candidate cells, this depends on whether the beam indication in the cell switch command is TCI state ID or RS ID, which relies on RAN1’s further discussion. From RAN2 perspective, in the pre-configuration step, it is feasible to let the serving DU know the measurement RS configuration and TCI state configuration of cells served by another DU, if needed by introducing new F1AP signalling. 
Proposal 3: (Reply LS to RAN1) It is feasible to let the serving DU know the measurement RS configuration and TCI state configuration of cells served by another DU, if needed from RAN1 perspective, even though not supported currently. RAN2 considers that the measurement RS configuration is anyway needed for L1 measurement, and leaves the decision to RAN1 on the need of TCI state configuration.
2.2 Cell switch command content
In LTM, the network provides candidate cells pre-configuration to the UE, later according to UE’s L1 measurement report, the network triggers a LTM cell switch command. Regarding the cell switch command, RAN2 made the following agreements.
	RAN2 assumes L1/2 mobility trigger information is conveyed in a MAC CE, FFS if the MAC CE or a DCI is used for the actual triggering. 
RAN2 assumes the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index. 
RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. RACH-less if the UE doesn’t need to acquire TA during the cell switch. RAN2 understands that the feasibility of RACH-less may depend on RAN1, and expect that RAN1 is working on this. 
RAN2 assumes RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration (or potentially by MAC CE FFS). 
FFS if the MAC CE can indicate TCI state(s) (or other beam info) to activate for the target Cell(s), dep on RAN1 progress.


Beam indication
When RACH is used to access the target cell, the UE selects the RACH resource according to the best beam at the time of random access, and this is how the network knows the good beam to use. In LTM, RAN2 assumes RACH-less during LTM cell switch may be supported. Therefore, if RACH is not used to access the target cell, another solution for beam alignment is needed.
Before the cell switch, the UE sends the L1 report to the network, which includes the beam level RSRP results of candidate cells. The (source) DU can not only determine a target cell but also a good beam direction that can be used in the target cell so the DU directly indicate in the cell switch command the beam direction to use for DL reception and/or UL transmission in the target cell. This beam direction indication is necessary when RACH is not performed during handover for initial beam acquisition.
From RAN2 perspective, either a RS ID or a TCI state ID can be used to indicate a beam direction. Whether it should be RS ID or TCI state ID in the cell switch command, this can be determined by RAN1 by considering the performance gain.
Proposal 4: For RACH-less cell switch in LTM, it is up to RAN1 on whether the beam indication is the RS ID or TCI state ID in the cell switch command.
In intra-DU RACH-less case, when the beam indication is indicated in the cell switch command, both the UE and the network know to use which beam direction to transmit and receive. However, in inter-DU case, if RACH-less is supported, even the UE knows a good beam direction from the cell switch command, the target DU may not know to use which beam to transmit and receive signals in the target cell. If the source DU notifies the beam information to the target DU via the CU, the handover could be delayed. During this network node interaction time, the UE stops source cell’s transmission and cannot begin transmission in the target cell. In general, we should try to avoid this kind of CU-DU interaction during cell switch. Another solution to let the target DU know the beam information is by Uu interface. The UE could report the beam indication to the target cell when the UE is able to send uplink message. Note, in the RACH-less procedure, UE may anyway need to indicate the used beam by the first UL data to the target cell, since there is no RO occasion associated beam.
Proposal 5: For RACH-less inter-DU cell switch in LTM, the source DU decides the beam RS ID/TCI state ID indicated in the cell switch command.
Proposal 6: For RACH-less inter-DU cell switch in LTM, the UE indicates the beam RS ID/TCI state ID indicated in the cell switch command to the target cell (details are FFS).
BWP determination
	FFS how the UE determine the BWPs (for DL and UL) to be used upon the execution of L1/L2 inter-cell mobility


RAN2 FFS how the UE determines the DL and UL BWPs of the target cell after cell switch. In legacy L3 handover, the UE obtain the active DL and UL BWP indication by firstActiveDownlinkBWP-Id (in ServingCellConfig) and firstActiveUplinkBWP-Id (in UplinkConfig of ServingCellConfig). In the candidate cell pre-configuration, the ServingCellConfig has to be provided to the UE. Therefore, we can use the current mechanism to determine the target cell BWP. There is no need to put BWP indication in the LTM cell switch command, the benefit of this kind of flexibility is unclear.
Proposal 7: The UE determines the UL BWP and the DL BWP upon the execution of the LTM according to the first active BWP configured in the pre-configuration of the target cell via RRC, as supported currently.
SCell state determination
	FFS if it should be possible to perform SCell activation/deactivation (amongst SCells associated with the candidate configuration) simultaneously with L1 L2 mobility trigger MAC CE (if so, FFS how this is determined).


RAN2 discussed target SCell activation/deactivation in LTM. In Rel-16, direct SCell activation is supported for L3 handover. By using this mechanism, in the pre-configuration step, candidate DU can set the sCellState for SCells that the DU wants to activate directly after cell switch. Companies mentioned that the SCell activation/deactivation indication can be included in LTM cell switch command. This seems impossible in inter-DU case, because the source DU has no clue how many SCells are pre-configured in a candidate DU and how many SCells that should be activated. Therefore, we propose to use the pre-configuration to complete SCell activation/deactivation simultaneously with LTM cell switch.
Proposal 8: To support SCell activation simultaneously with LTM execution, the network (target cell) can set the “sCellState-r16” in the candidate configuration of RRC, as supported currently.
2.3 Failure detection
In the last meeting, several companies mentioned the failure detection of the LTM procedure. In the Rel-17 handover procedure, the timer T304 included in the handover command is used to control the failure or success of the L3 handover procedure. For the Rel-18 LTM procedure, the similar timer-based mechanism can be reused to detect the failure.
Considering there is no strong motivation to introduce the new values for LTM procedure, the simplest way is to reuse the values of the current timer T304. When the UE executes the LTM procedure (e.g. upon receiving the LTM cell switch MAC CE), the UE starts the T304 for LTM procedure. The timer should be stopped upon the successful completion of the LTM procedure. Specifically, the UE should stop the T304 for LTM procedure upon successful completion of RACH procedure, or upon successful transmission of the first UL data at the target cell for RACH-less procedure. If the timer expires, the UE should initiate the RRC re-establishment, just as in legacy.
Proposal 9: Reuse the T304 timer for LTM procedure, with below as baseline:
- The UE starts the T304 upon LTM execution. 
- UE stops the T304 for LTM procedure upon successful completion of RACH procedure, or upon successful transmission of the first UL data at the target cell for RACH-less procedure. 
- When the T304 for LTM expires, the UE should initiate the RRC re-establishment.
In the Rel-17 CHO, when initial CHO execution attempt fails or RLF occurs in the source cell, the UE performs cell selection, and if the selected cell is a CHO candidate and if network configured the UE to try CHO after failure, then the UE attempts CHO execution once, otherwise re-establishment is performed. For the Rel-18 LTM procedure, as the UE always maintains the configuration of the candidate cells for LTM, when RLF in the source occurs or the initial LTM procedure fails, the UE performs cell selection and if the selected cell is a LTM candidate cell, the UE can perform the LTM procedure according to the stored candidate configuration of the selected cell. Compared to performing the RRC re-establishment directly, the interruption time can be further decreased. Whether to introduce a configurable indication to enable/disable the function like attemptCondReconfig for CHO can be further discussed.
Proposal 10: At RLF/LTM failure, the UE can perform the LTM execution, if the UE performs cell selection and the selected cell is a LTM candidate cell (like CHO).
2.4 Coexistence with L3 handover
As mentioned in the WID, the Rel-18 LTM procedure is applicable to the intra-DU case and intra-CU inter-DU case. The inter-CU handover which involves the security update should be performed based on the RRC procedure. When the gNB has provided the candidate configuration of LTM procedure to the UE, the gNB should also be allowed to trigger L3 handover if the quality of a cell (e.g. a cell under other CU) is good enough. Whether the target cell of L3 handover can be the candidate cells for the LTM procedure or not can be further studied. 
If the UE receives the L3 handover command before the triggering of LTM procedure, the UE should perform handover to the target cell indicated in the L3 handover command. After completing the L3 handover, the UE may maintain or release the candidate configuration of the LTM procedure, depending on the target cell of the L3 handover. This issue can also be discussed later after determining the coexistence scenario between L3 handover and LTM procedure.
Proposal 11: L3 handover command is allowed to the UE configured with LTM candidate cells.
3. Conclusion
In this contribution, we have the following observations and proposals:
L1 measurement and RAN1 LS related
Proposal 1: L3 measurements are used for LTM candidate cell preparation. RAN1 can assume that L1 measurements are no needed for LTM candidate cell preparation/discovery phase. 
Proposal 2a: In inter-DU LTM, the candidate DU provides the configuration of candidate cells RS to the source DU via the CU, which is used for L1 measurement configuration before cell switch.
Proposal 2b: In inter-DU LTM, the source DU configures L1 measurement/report to UE as the serving cell configuration.
Proposal 3: (Reply LS to RAN1) It is feasible to let the serving DU know the measurement RS configuration and TCI state configuration of cells served by another DU, if needed from RAN1 perspective, even though not supported currently. RAN2 considers that the measurement RS configuration is anyway needed for L1 measurement, and leaves the decision to RAN1 on the need of TCI state configuration.
Cell switch command content
Proposal 4: For RACH-less cell switch in LTM, it is up to RAN1 on whether the beam indication is the RS ID or TCI state ID in the cell switch command.
Proposal 5: For RACH-less inter-DU cell switch in LTM, the source DU decides the beam RS ID/TCI state ID indicated in the cell switch command.
Proposal 6: For RACH-less inter-DU cell switch in LTM, the UE indicates the beam RS ID/TCI state ID indicated in the cell switch command to the target cell (details are FFS).

Proposal 7: The UE determines the UL BWP and the DL BWP upon the execution of the LTM according to the first active BWP configured in the pre-configuration of the target cell via RRC, as supported currently.
Proposal 8: To support SCell activation simultaneously with LTM execution, the network (target cell) can set the “sCellState-r16” in the candidate configuration of RRC, as supported currently.
Failure handling
Proposal 9: Reuse the T304 timer for LTM procedure, with below as baseline:
- The UE starts the T304 upon LTM execution. 
- UE stops the T304 for LTM procedure upon successful completion of RACH procedure, or upon successful transmission of the first UL data at the target cell for RACH-less procedure. 
- When the T304 for LTM expires, the UE should initiate the RRC re-establishment.
Proposal 10: At RLF/LTM failure, the UE can perform the LTM execution, if the UE performs cell selection and the selected cell is a LTM candidate cell (like CHO).
Coexistence with L3 handover
Proposal 11: L3 handover command is allowed to the UE configured with LTM candidate cells.
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