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After making decisions on most of the features in LTM, we need to discussion corresponding UE capability. In this contribution, we discuss UE capability for LTM. We start from RAN1 feature list, which will be implemented by RAN2 into our TS 38.331 and TS 38.306, and then discuss additional UE capabilities from RAN2 perspective.
Discussion
RAN1 feature list
According to latest RAN1 feature list [1], our NR_Mob_enh2 WI has the following features.
	Index
	Feature group
	Components
	Consequence if the feature is not supported by the UE

	45-1
	Intra-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure [—processing capability]
	1. Support of [RTD > CP and RTD <= CP] intra-frequency L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s) 
2. Maximum number of RRC configured candidate cells for intra-frequency 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 for intra-frequency L1-RSRP measurement  
[5. The max number of SSB resources configured to measure L1-RSRP within a slot with candidate cells and serving cell across all CC]
	UE does not support intra-frequency L1 measurement and reports for Rel-18 LTM operation

	45-1a
	Inter-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure [—processing capability]
	1. Support of inter- frequency L1- RSRP measurement [with and/or without gap] and reporting based on SSB(s) of candidate cell(s) 
2. Maximum number of RRC configured candidate cells for intra- and inter-frequency 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 for intra- and inter-frequency L1-RSRP measurement]
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 for intra- and inter-frequency L1-RSRP measurement
[5. The max number of SSB resources configured to measure L1-RSRP within a slot with candidate cells and serving cells across all CC for intra- and inter-frequency L1-RSRP measurement
6. The max number of SSB resources configured to measure L1-RSRP across all the candidate cells and serving cells for intra- and inter-frequency L1-RSRP measurement]

	UE does not support inter-frequency L1 measurement and reports for Rel-18 LTM operation

	45-2
	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

	45-3
	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

	45-3a
	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

	45-4
	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

	45-4a
	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

	45-5
	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

	45-6
	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 

	45-7
	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 



While the feature table is maintained by RAN1, it does reflect and impact the LTM procedure. We now discuss the RAN1 feature table from RAN2 perspective.
L1 measurement
· (45-1) RTD <= CP should be considered as baseline, and we should consider the support of RTD > CP as a separate capability (regardless of intra- or inter-frequency).
· (45-1a) Inter-frequency measurement can be with or without gap. We should introduce separate UE capabilities. Note that the granularities should also be different: the capability should be per band with gap, and per BC without gap
Beam management (TCI state)
· (45-3) LTM beam indication with joint DL/UL TCI states: We may clarify that a prerequisite is to support R17 unified TCI framework with joint DL/UL TCI update. Also, procedural-wise, LTM can be supported even if the UE does not support beam indication (and then the LTM must be RACH-based). RAN2 should discuss if the TCI state field in LTM Cell Switch MAC CE is optional. If yes, the “Consequence if the feature is not supported by the UE” field needs to be modified. Although this looks not the best UE design, we believe that it should be allowed.
· (45-3a) MAC-CE activated joint LTM TCI states: We may clarify that a prerequisite is to support R17 unified TCI framework with joint DL/UL TCI update, and such TCI state activation is before LTM Cell Switch Command
· (45-4) LTM beam indication with separate DL/UL TCI states: We may clarify that a prerequisite is to support unified TCI framework with separate DL/UL TCI update.
· (45-4a) MAC-CE activated LTM TCI states: We may clarify that a prerequisite is to support R17 unified TCI framework with joint DL/UL TCI update, and such TCI state activation is before LTM Cell Switch Command.
TA acquisition
· (45-7) TA indication in cell switch command with and without RACH: According to RAN2 agreement, LTM is RACH-less if TA value is provided in the LTM Cell Switch Command MAC CE. However, the ‘with and without RACH’ here can be confusing. We believe that it means ‘with and without early RACH’, and the ‘with’ case means UE performs early TA acquisition via early RACH, and the ‘without’ case mean UE reuse the same TA or TA is zero. We suggest the ‘with’ case be covered by (45-5), since a UE supporting RACH-based early TA acquisition should be able to receive TA value cell switch command TA value from LTM and 
We have the following proposals.
Proposal 1:	For UE capability related to L1 measurements:
· Consider RTD <= CP as baseline for L1 measurements, and introduce a separate capability for the support of L1 measurements with RTD > CP.
· introduce separate UE capabilities for inter-frequency L1 measurements with and without gap. The capability should be ‘per band’ with gap, and ‘per BC’ without gap.
Proposal 2:	For UE capability related to beam management:
· RAN2 assumes that LTM can be supported even if the UE does not support beam indication (such LTM must be RACH-based), and TCI state ID field is optional in LTM Cell Switch Command MAC CE.
· Clarify that a prerequisite is the support of Rel-17 unified TCI framework with joint or separate DL/UL TCI update.
· For MAC-CE activated LTM TCI states, clarify that such activation is before LTM cell switch.
Proposal 3:	Remove ‘with’ from the UE capability (45-7) ‘TA indication in cell switch command with and without RACH’ and let the support of TA indication in cell switch command with (early) RACH covered by (45-5) ‘RACH-based early TA acquisition’.
Notice that the above proposals are about RAN1 feature table, which should be maintained by RAN1. The proposals here are from RAN2 procedural point of view. RAN2 can provide our views to RAN1, but if there is any misalignment between RAN1 and RAN2 views, we should follow RAN1 decisions.
Proposal 4:	RAN2 can provide our views on RAN1 feature list to RAN1. However, we follow RAN1 decision if there is any misalignment between RAN1 and RAN2 views.
RAN2 UE capabilities
The above RAN1 feature are about RAN1 objectives, i.e., L1 measurements, beam management, and TA acquisition. In addition, we also need to identify RAN2 capabilities.
General
· MCG vs. SCG: LTM can be used for both MCG and SCG (without MN involvement). Considering that UE may different implementation for the two parts, we suggest a general rule that UE capabilities are separated for MCG LTM and SCG LTM. Special cases, if any, can be further identified.
LTM configuration
· Reference configuration: RAN2 agreed that the support of reference configuration is optional. Therefore, UE capability should be introduced for the support of reference configuration. 
LTM execution
· UL grant for RACH-less LTM: RAN2 agreed that the UL grant for the first message in RACH-less LTM can be provided as configured grant (CG) or dynamic grant (DG). With DG, UE simply monitors PDCCH of target cell. With CG, UE needs to read CG-LTM-Configuration-r18 and select the CG occasion for the first UL transmission according to the indicated TCI state. We should introduce two separate UE capabilities for RACH-less LTM using CG and DG, respectively.
We have the following proposals.
Proposal 5:	In general, separate UE capabilities are introduced for MCG LTM and SCG LTM. Special cases can be further identified.
Proposal 6:	Introduce UE capability for the support of LTM reference configuration.
Proposal 7: 	Introduce separate UE capabilities for RACH-less LTM using CG and DG.
Conclusion
It is proposed to discuss and decide on the following proposals:
RAN1 feature list
Proposal 1:	For UE capability related to L1 measurements:
· Consider RTD <= CP as baseline for L1 measurements, and introduce a separate capability for the support of L1 measurements with RTD > CP.
· introduce separate UE capabilities for inter-frequency L1 measurements with and without gap. The capability should be ‘per band’ with gap, and ‘per BC’ without gap.
Proposal 2:	For UE capability related to beam management:
· RAN2 assumes that LTM can be supported even if the UE does not support beam indication (such LTM must be RACH-based), and TCI state ID field is optional in LTM Cell Switch Command MAC CE.
· Clarify that a prerequisite is the support of Rel-17 unified TCI framework with joint or separate DL/UL TCI update.
· For MAC-CE activated LTM TCI states, clarify that such activation is before LTM cell switch.
Proposal 3:	Remove ‘with’ from the UE capability (45-7) ‘TA indication in cell switch command with and without RACH’ and let the support of TA indication in cell switch command with (early) RACH covered by (45-5) RACH-based early TA acquisition.
Proposal 4:	RAN2 can provide our views on RAN1 feature list to RAN1. However, we follow RAN1 decision if there is any misalignment between RAN1 and RAN2 views.
RAN2 UE capabilities
Proposal 5:	In general, separate UE capabilities are introduced for MCG LTM and SCG LTM. Special cases can be further identified.
Proposal 6:	Introduce UE capability for the support of LTM reference configuration.
Proposal 7: 	Introduce separate UE capabilities for RACH-less LTM using CG and DG.
Reference
[1] R1-2310635, Updated RAN1 UE features list for Rel-18 NR after RAN1#114bis
3

