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1	Introduction
In RAN2#123 [1], the following was agreed: 
	RAN2#123  
A UE capability to indicate the support of the reference configuration is introduced. If reference configuration is not supported then complete candidate configurations has to be used.  


Further, in RAN2#123bis [2], the following note was captured by the chair:
	RAN2#123bis  
Long email discussion with limited ambition level to next level (e.g. one round of collecting comment, collection of input rather than discussion). Focus on RAN2 cap, can also include RAN1 features (best effort collection of comments, to understand which ones we need to work on) 


This document discusses aspects related to UE capabilities that are needed to support LTM from the RAN2 viewpoint.
2	Discussion
2.1	Support for LTM feature
Based on the WID for Rel. 18 Mobility [3], the following aspects are regarded as objectives related to LTM: 
	RP-231475
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
· Note 2: Only SSB-based L1 measurement is supported in this release.
· Timing Advance management [RAN1, RAN2]



Observation 1: As captured in the WID for Rel. 18 Mobility, the goal of introducing LTM is the mobility latency reduction. For this purpose, the following aspects are important:
1) L1 measurement and reporting
2) Skipping of resetting certain protocol layers
3) Cell switch based on L1/L2 signalling
4) Dynamic switch mechanism
5) TA management
Based on the RAN1 work on LTM, the following UE capabilities have been identified [4]:
	Index
	Feature Group
	Components
	Consequence if the feature is not supported by the UE

	1
	L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure [—processing capability]
	1. Support of [synchronous and asynchronous] [intra-frequency and inter-frequency] L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s) 
[2. Maximum number of RRC configured candidate cells for L1-RSRP measurement] 
[3. Maximum number of measured candidate cells for all periodic reports, activated semi-persistent reports, and triggered aperiodic reports at a given time]
4. Support of up to L candidate cells and M beams in one report where a SSBRI-RSRP pair is used for each beam report.  
[5. The max number of SSB resources configured to measure L1-RSRP within a slot with candidate cells across all CC ]
[7. Support periodic reporting on PUCCH, semi-persistent reporting on PUCCH/PUSCH, and aperiodic report on PUSCH]
	UE does not support Rel-18 LTM operation

	2
	Inclusion of current SpCell in the L1 measurement report
	1. Support of [always] including the current SpCell in the L1 measurement report
	UE does not [always] include measurement report for SpCell in the L1 measurement report

	3
	LTM beam indication with joint DL/UL TCI states 
	1. Support of unified TCI with joint DL/UL LTM TCI-state indication for LTM procedure. 
2. Maximum number of configured joint LTM TCI state(s) [across/per] candidate cells [and serving cells] [in a band]
3. Support of indicating and activating a single joint LTM TCI state in a cell switch command. 
[4. Support LTM TCI-state using SSB as QCL source RS for PDCCH and PDSCH reception]
[5. Support LTM TCI-state using SSB as QCL source RS for PDCCH and PDSCH reception]
[6 Support of MAC-CE based cell switch operation]
	UE does not support Rel-18 LTM operation

	3a
	MAC-CE activated joint LTM TCI states
	1. Maximum number of MAC-CE activated joint LTM TCI states [per/across all] candidate cells [and serving cells] [in a band]
	UE does not support MAC-CE activated joint LTM TCI states

	4
	LTM beam indication with separate DL/UL TCI states 
	1. Support of unified TCI with separate DL/UL TCI-state indication for LTM procedure. 
2. Maximum number of configured DL TCI state(s) [per/across all] candidate cells [and serving cells] [in a band]
3. Maximum number of configured UL TCI state(s) [per/across all] candidate cells [and serving cells] [in a band]
4. Support of indicating and activating a pair of UL/DL TCI-state in a cell switch command. 
[5. Support TCI-state using SSB as QCL source RS for PDCCH and PDSCH reception
[5. Support TCI-state using TRS as QCL source RS for PDCCH and PDSCH reception]
[6 Support of MAC-CE based cell switch operation]
	UE does not support Rel-18 LTM operation with separate DL/UL TCI states

	4a
	MAC-CE activated DL/UL TCI states
	1. Maximum number K1 of MAC-CE activated DL TCI states [per/across all] candidate cells [and serving cells] [in a band] before cell-switch command
2. Maximum number K2 of MAC-CE activated UL TCI states [per/across all] candidate cells [and serving cells] [in a band] before cell-switch command
	UE does not support MAC-CE activated DL/UL TCI states

	5
	RACH-based early TA acquisition
	1. TA acquisition of candidate cell(s) based on PDCCH ordered CFRA procedure before receiving cell switch command MAC-CE [for serving and non-serving cell]
2. Power ramping for PRACH retransmission based on PDCCH order indication
[3. Handling the overlap between UL transmission on serving cell and PRACH on intra- or inter-frequency candidate cell(s)] 
	FFS

	6
	UE-based TA measurement 
	1. Support of UE-based TA measurement
2. Maximum number of candidate cells that the UE maintains the TA for
	UE-based TA measurement is not supported 

	7
	TA indication in cell switch command with and without RACH
	Support of TA indication in cell switch command with and without RACH
	TA indication in cell switch command with and without RACH is not supported 


According to RAN1 description, it is possible to support LTM even if capabilities 2 and 3a to 7 are not supported. RAN1 further considers that, if the UE does not have capabilities 1 and 3, LTM cannot be supported. Among the capabilities defined by RAN1, from RAN2 viewpoint, we agree that the support for L1 measurement and reporting is an essential feature of LTM, because it mitigates delays associated with L3 filtering. 
Observation 2: From RAN1 viewpoint, the L1 measurement and reporting, together with the beam indication with joint DL/UL TCI states are mandatory for supporting LTM. 
From RAN2 perspective, for LTM to operate it is required to pre-configure the candidate cells. Moreover, as has been identified in the WID, and captured in Observation 1, the fast application of the configuration for the target cells is also critical in reducing the latency of the LTM procedure. As an example, in the case of intra-CU LTM which is under consideration, several functions can be maintained. Specifically, PDCP and RLC layers do not need to be reset. 
Observation 3: The fast application of the configuration for the target cells is critical for reducing the latency of the LTM procedure, wherein many parameters are expected to be same for different candidate cells. 
Proposal 1: The indication of support of LTM requires the support of pre-configuring LTM candidate cells in the UE.
Considering the agreement from RAN2#123, if the reference configuration is not supported, then the candidate configurations have to be complete configurations. Since the RRC configuration can contain up to 8 target cell configurations, if reference configuration is not supported by the UE, the network needs to provide to it a complete configuration for each target, thus increasing the size of the RRC message.
Observation 4: The support for the reference configuration facilitates reduction of the RRC Reconfiguration message. 
Proposal 2: The reference configuration capability should be supported by the UE for the LTM procedure. 
Moreover, LTM cannot be performed if the UE is not capable to execute cell switch upon the reception of the LTM cell switch MAC CE command. 
Proposal 3: From RAN2 viewpoint, the support of LTM cell switch MAC CE is required for the UE to be able to indicate support of LTM. 
According to the RAN2#119-bis:
	RAN2 assumes that candidate cell configuration can only be modified / released by Network (FFS later whether some optimization should be applied e.g. for release). 


This means that the UE is expected to maintain the target cell configuration in all cases. The only way to modify/release the LTM configurations is by sending to the UE an RRC message. This makes all the LTM configurations as subsequent LTM configurations that the UE is expected to use in the future, if not reconfigured. 
Observation 5: the UE is expected to maintain the target cell configurations upon cell switch to be used for subsequent cell switch operations.
Observation 6: the default LTM operation is that the UE maintains the target cell configurations, thus only one capability is required for both single cell switch LTM and subsequent LTM.
In case the UE fails to connect to the new serving DU, it was agreed in RAN2#123 that UE follows a procedure that is similar to CHO, i.e., UE performs cell selection, and if the selected cell is an LTM candidate, the UE executes LTM cell switch towards the selected cell. 
Proposal 4: Similarly to CHO a capability to inform the network that the UE supports LTM recovery should be defined. 
Since the UE is expected to maintain target cell configurations in LTM cell change, it should have similar operation also in case of LTM recovery, since it applies one of the provided configurations. Thus, the UE should not release the target cell configurations upon LTM recovery.
Proposal 5: After the LTM recovery procedure, the UE keeps the LTM configurations for subsequent cell switch. 
The last feature that has been considered for decreasing the LTM mobility latency reduction is the support for RACH-less cell change, either via early TA acquisition (using PDCCH ordered RACH), which is provided to the UE by the NW, or via UE based TA measurements. 
Observation 7: RACHless handover with early TA acquisition or UE based TA measurements is a significant component to reduce interruption time at the time of cell change.
Proposal 6: Define two separate UE capabilities for early TA acquisition or UE based TA measurements.
Together with the TA value, to complete the RACH-less procedure the UE also needs to have a valid UL grant. In RAN2, both configured and dynamic grant have been studied and are supported. The usage of the configured grant for RACH-less would likely yield the lowest possible latency reduction for LTM at the cost of having to keep NW resources reserved for longer times. On the other hand, dynamic grant may be more flexible from a resource reservation viewpoint, however it would likely incur higher delays (than configured grant) in the completion of the LTM procedure. 
Proposal 7: The support of RACH-less cell switch is mandatory for UEs supporting LTM. RAN2 to discuss whether CG or DG should be maintained.  
3	Conclusion
This document has made the following observations:
Observation 1: As captured in the WID for Rel. 18 Mobility, the goal of introducing LTM is the mobility latency reduction. For this purpose, the following aspects are important:
1) L1 measurement and reporting
2) Skipping of resetting certain protocol layers
3) Cell switch based on L1/L2 signalling
4) Dynamic switch mechanism
5) TA management
Observation 2: From RAN1 viewpoint, the L1 measurement and reporting, together with the beam indication with joint DL/UL TCI states are mandatory for supporting LTM. 
Observation 3: The fast application of the configuration for the target cells is critical for reducing the latency of the LTM procedure, wherein many parameters are expected to be same for different candidate cells. 
Observation 4: The support for the reference configuration facilitates reduction of the RRC Reconfiguration message.
Observation 5: the UE is expected to maintain the target cell configurations upon cell switch to be used for subsequent cell switch operations.
Observation 6: the default LTM operation is that the UE maintains the target cell configurations, thus only one capability is required for both single cell switch LTM and subsequent LTM.
Observation 7: RACHless handover with early TA acquisition or UE based TA measurements is a significant component to reduce interruption time at the time of cell change.
And proposed the following:
Proposal 1: The indication of support of LTM requires the support of pre-configuring LTM candidate cells in the UE.
Proposal 2: The reference configuration capability should be supported by the UE for the LTM procedure. 
Proposal 3: From RAN2 viewpoint, the support of LTM cell switch MAC CE is required for the UE to be able to indicate support of LTM. 
Proposal 4: Similarly to CHO a capability to inform the network that the UE supports LTM recovery should be defined. 
Proposal 5: After the LTM recovery procedure, the UE keeps the LTM configurations for subsequent cell switch. 
Proposal 6: Define two separate UE capabilities for early TA acquisition or UE based TA measurements.
Proposal 7: The support of RACH-less cell switch is mandatory for UEs supporting LTM. RAN2 to discuss whether CG or DG should be maintained.  
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