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1	Introduction
The following agreements were achieved in R2-119-e meeting [1]:

	Confirm to Support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).
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.



The following agreements were achieved in R2-119bis-e meeting [2]:

	For UE processing, the following (not exhaustive) is assumed to be performed after receiving the cell switch command:
· MAC/RLC reset (when configured) 
· RF retuning (e.g. needed for inter-frequency), baseband retuning
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. 
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 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.
R2 assumes that at L1L2 cell switch: Whether the UE performs partial or full MAC reset (FFS what partial reset is, e.g. to avoid data loss), re-establish RLC, perform data recovery with PDCP is explicitly controlled by the network. R2 assumes that this can be configured by RRC. FFS if MAC CE indication(s) is/are needed.
RAN2 assumes that whether to use the unified TCI framework as the baseline for beam indication for L1L2 mobility is up to RAN1 (RAN2 observes that L1/L2 mobility need to support inter-freq cases).



The following agreements were achieved in R2-120 meeting [3]:

	The MAC CE agreed to carry LTM related information for cell switch is used for LTM triggering of the cell switch.
LTM cell switch is supervised by a timer
UE arrival in the target cell need to be indicated (somehow)



The following agreements were achieved in R1-111 meeting [4]:

	Agreement
· The beam indication of candidate cell(s) for Rel-18 LTM should be designed based on the following:
· Beam indication for Rel-18 LTM is designed based on Rel-17 unified TCI framework, if both serving cell and candidate cell support Rel-17 unified TCI framework 
· FFS: whether/how to design mechanism for Beam indication for Rel-18 LTM when at least one from serving cell and candidate cell supports only Rel-15 TCI framework.
· Note: How and whether to indicate the new serving cell(s) and timing for beam indication are separately discussed 

Agreement
· For beam indication timing for Rel-18 LTM, 
· Support Scenario 2: Beam indication together with cell switch command, 
· For Rel-17 unified TCI framework, 
· Beam indication indicates TCI state for each target serving cell
· FFS: Scenario 1: Beam indication before cell switch command
· FFS: Scenario 3: Beam indication after cell switch command
FFS: Activation of TCI state(s) of target serving and/or candidate cell(s).
Agreement
On mechanism to acquire TA of the candidate cell(s) in Rel-18 LTM, at least support PDCCH ordered RACH.
· The PDCCH order is only triggered by source cell
· FFS: the details including content of DCI, RACH resource configuration, RAR transmission mechanism, etc.
· Note: any other RACH-based solutions are for discussion separately

Agreement (Made in RAN1#110b-e)
Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.
· FFS: whether this can be applied to candidate cell when it is deactivated SCell (if defined in RAN2)

Agreement
For PDCCH ordered RACH in LTM, at least the following enhancements are supported
· Introduce indication of candidate cell and/or RO of candidate cell in DCI
· configuration of RACH resource for candidate cell(s) is provided prior to the PDCCH order
· FFS: whether/how to transmit RAR
 
 Agreement
On whether RAR is needed for PDCCH ordered RACH for a candidate cell in LTM, the following alternatives are considered for further study
· Alt 1: RAR is needed
· Alt 2: RAR is not needed
· Note: If Alt 2 is supported, TA value of candidate cell is indicated in cell switch command
· Alt 3: whether RAR is needed can be configured
Agreement
· TA updating (i.e. re-acquisition of TA) for candidate cell can be triggered by NW. 
· same triggering mechanism reuse the initial TA acquisition, i.e., PDCCH order triggered RACH in a candidate cell



This contribution discusses TA acquisition and beam management for LTM.
2	Discussion
2.1	TA acquisition of candidate LTM cell 
The UE needs to perform UL synchronization with a candidate LTM cell prior to accessing the cell. RAN2#119bis-e agreed that both RACH-based LTM and RACH-less LTM (if determined to be feasible by RAN1) shall be supported. 
· In case of RACH-based LTM, the UE performs RACH after receiving the cell switch command, and acquires the TA value for the target cell as part of the RACH procedure.
· In case of RACH-less LTM, the UE needs to acquire the TA value for the candidate cell prior to the cell switch procedure.
For RACH-less LTM, RAN1#111 agreed that the TA of the candidate cell can be acquired via PDCCH-ordered RACH, where the PDCCH order originates from the source cell and indicates the candidate cell and/or RO of the candidate cell in DCI. The configuration of the RACH resource for the candidate cell(s) is provided prior to the PDCCH order. 
RAN1 is still discussing whether RAR is needed or not for the PDCCH-ordered RACH for a candidate LTM cell:
· If RAR is used (Alt-1), the RAR can carry the TA value of the candidate cell. In this case, the LTM cell switch command does not need to indicate the TA value to the UE.
· If RAR is not used (Alt-2), the TA value of the candidate cell should be separately indicated to the UE. Since the TA value for the candidate cell is only needed by the UE when the cell switch to that cell is triggered, the TA value can be provided in the LTM cell switch command. 
[bookmark: _Hlk127184220]Proposal 1: If PDCCH-ordered RACH is used for a candidate LTM cell, the LTM cell switch command shall carry the TA value for a candidate LTM cell if RAR is not used.
Additionally, in case of inter-DU LTM, the TA value is calculated by the candidate DU whereas LTM is triggered by the serving DU. If RAR is not used for PDCCH-ordered RACH for a candidate cell of a different DU, the TA value must be backhauled from the candidate DU to the serving DU via the CU. This backhauling has typical latency that is larger than an RAR window which would have a size less than 10ms in licensed spectrum. Furthermore, the backhauling would have to repeat for each TA updating triggered by the network.
Observation 1a: If RAR is not used for PDCCH-ordered RACH for a candidate LTM cell served by a different DU than the UE’s serving DU, inter-DU forwarding of the TA value is required.
Observation 1b: Forwarding the TA value via the backhaul may have latency larger than a RAR window size.  
For this reason, RAR for the PDCCH-ordered RACH should be used at least for inter-DU LTM.
Proposal 2: RAR is used for PDCCH-ordered RACH for an inter-DU candidate LTM cell.
2.2	Beam management for LTM execution
RAN2#120 agreed that UE arrival in the target cell needs to be indicated. For RACH-based LTM, the UE arrival is determined by the RACH procedure.
Proposal 3: For RACH-based LTM, the UE arrival in the target cell is indicated as part of the RACH procedure.
For RACH-less LTM, the UE should send an indication of its presence to the target cell. There are three requirements for this to work:
· Requirement 1: The UE knows which TX beam to use and on what resource to transmit the indication of its presence to the target cell
· Requirement 2: The DU serving the target cell knows which RX beam to use and on what resource to monitor for the indication of arrival from the UE
· Requirement 3: Upon receiving the indication, the DU serving the target cell should be able to resolve the identity of the UE that sent the indication.
Observation 2-0: For RACH-less LTM, the indication of arrival in the target cell has the following requirements:
· Requirement 1: The UE to know the TX beam and resource to send the indication
· Requirement 2: The DU serving the target cell to RX beam and resource to receive the indication
· Requirement 3: The DU serving the target cell to resolve the identity of the UE upon receiving the indication
For Requirement 1, RAN1#111 agreed that the cell switch command provides indication of the beam (TCI state) for the target cell. The UE can further determine the resource on which to send the indication from the LTM configuration of the candidate cell.
Observation 2-1: Requirement 1 is met based on TCI state info carried in the LTM MAC CE and the resource config within the configuration of the candidate LTM cell.
For Requirement 2, the DU serving the target cell uses the resource it provides to the UE in the LTM configuration of the target cell to receive the indication. On determination of the RX beam:
· For intra-DU LTM, the DU uses the RX beam corresponding to the TCI state of the target cell as included in the cell switch command to the UE.
· For inter-DU LTM, the following options for determination of the RX beam by the target DU are possible:
· Option 1: The source DU provides the target DU over the backhaul an indication of the TCI state it will include in the LTM cell switch command to the UE
· Issue: this option slows down LTM due to the backhaul latency to carry the selected TCI state of the target cell
· Option 2: The target DU provides as part of the candidate cell configuration a resource configuration that includes multiple resources, each of which is associated with a different TCI state. The target DU monitors for the UE indication on each resource using the corresponding RX beam
· Issue: this option has large overhead for resource reservation on the target cell. This option also re-invents RACH by associating each resource for UE transmission with a corresponding TCI state of the target cell
· Option 3: The UE sends multiple transmissions of the indication of arrival using the TCI state it receives in the LTM cell switch MAC CE. The target DU performs a beam sweep of its RX beam to receive the indication.
· Issue: this option requires the UE to send multiple copies of its indication of arrival which may burden the UE
Observation 2-2: Requirement 2 is met in intra-DU LTM since the indication of arrival provided by the UE uses the beam and resource configured by the DU serving the target cell. Requirement 2 is cumbersome in inter-DU LTM where the DU selecting the TCI state for the UE to send the indication is different from the DU monitoring for the indication.
Both RAN1 and RAN2 should discuss how the target DU shall determine the RX beam to receive the indication of arrival from the UE in the inter-DU LTM scenario.
Proposal 4a: RAN2 to discuss how the target DU determines the RX beam to receive the indication of arrival from the UE in the RACH-less-based inter-DU LTM scenario.
Proposal 4b: RAN2 to send an LS to RAN1 on the issue of determining the RX beam to receive the UE’s indication of arrival to the target cell in the RACH-less-based inter-DU LTM scenario.
For Requirement 3, the DU can infer the identity of the UE based on the resource used by the UE to send the indication of arrival. This requires the DU serving the target cell to configure a dedicated UE resource to send the indication.
Proposal 5: The DU serving the target cell configures dedicated resources for the UE to send the indication of arrival in the target cell. The DU infers the identity of the UE from the resource used by the UE to send the indication.
Conclusion
This contribution discussed TA acquisition and beam management for LTM. The following observations and proposals have been made:

Observation 1a: If RAR is not used for PDCCH-ordered RACH for a candidate LTM cell served by a different DU than the UE’s serving DU, inter-DU forwarding of the TA value is required.
Observation 1b: Forwarding the TA value via the backhaul may have latency larger than a RAR window size.  
Observation 2-0: For RACH-less LTM, the indication of arrival in the target cell has the following requirements:
· Requirement 1: The UE to know the TX beam and resource to send the indication
· Requirement 2: The DU serving the target cell to RX beam and resource to receive the indication
· Requirement 3: The DU serving the target cell to resolve the identity of the UE upon receiving the indication
Observation 2-1: Requirement 1 is met based on TCI state info carried in the LTM MAC CE and the resource config within the configuration of the candidate LTM cell.
Observation 2-2: Requirement 2 is met in intra-DU LTM since the indication of arrival provided by the UE uses the beam and resource configured by the DU serving the target cell. Requirement 2 is cumbersome in inter-DU LTM where the DU selecting the TCI state for the UE to send the indication is different from the DU monitoring for the indication.

Proposal 1: If PDCCH-ordered RACH is used for a candidate LTM cell, the LTM cell switch command shall carry the TA value for a candidate LTM cell if RAR is not used.
Proposal 2: RAR is used for PDCCH-ordered RACH for an inter-DU candidate LTM cell.
Proposal 3: For RACH-based LTM, the UE arrival in the target cell is indicated as part of the RACH procedure.
Proposal 4a: RAN2 to discuss how the target DU determines the RX beam to receive the indication of arrival from the UE in the RACH-less-based inter-DU LTM scenario.
Proposal 4b: RAN2 to send an LS to RAN1 on the issue of determining the RX beam to receive the UE’s indication of arrival to the target cell in the RACH-less-based inter-DU LTM scenario.
Proposal 5: The DU serving the target cell configures dedicated resources for the UE to send the indication of arrival in the target cell. The DU infers the identity of the UE from the resource used by the UE to send the indication.
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