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1	Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the last meeting, we agreed two cases supported by Rel-18 LTM, including the case of MCG change without SCG and the case of SCG change without MN involvement. But there are still leftover issues in the agreed cases.
	1b) The case of PCell change (MCG) by LTM, without SCG, is supported (If there is an SCG configuration it is released at LTM execution). 
2b) The case of SCG LTM, without MN involvement is supported 
as a working assumption (can be revisited e.g. at the last meeting), it is assumed that other MCG/SCG cases are not supported.


We also made much progress on various impacts of the LTM procedure, including early UL synchronization, RACH-less LTM and L1 measurement. It is time to discuss the UE capabilities specific to LTM enhancements. In the remaining part of this contribution, we discuss the leftover stage-2 issues and the UE capabilities related to LTM.
2	Discussion
2.1	UE capability for LTM
LTM is not possible without pre-configuration of LTM candidate cells, L1 measurement reporting and execution of cell switch upon reception of the LTM cell switch MAC CE.
RAN1 has defined the following UE capabilities for LTM (feature group number 45):
	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.
Capability 3 includes:
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]
If the network does not configure LTM with early RACH or does not trigger early RACH and the UE does not support UE-based TA measurements, it is still possible to use LTM but with RACH. In this case, there is no need to indicate any TCI state in the LTM cell switch MAC-CE. The definition of 45-3 tentatively includes "Support of MAC-CE based cell switch operation" but it is possible to perform cell switch without the other capabilities, so there is no reason to couple "Support of MAC-CE based cell switch operation" with other aspects of 45-3.
Proposal 1: The UE can support LTM cell switch operation even if the UE does not support LTM beam indication as in FG 45-3/4 (unlike what is indicated in the RAN1 feature list).
LTM is not possible without pre-configuration of LTM candidate cells and execution of cell switch upon reception of the LTM cell switch MAC CE. In addition, the Rel-18 L1 measurement capability may be required so that it is possible to trigger cell switch on the network side.
Proposal 2: From RAN2 perspective, the UE capability to indicate the support of LTM feature includes the following components:
· Support of LTM cell switch MAC CE;
· Support of pre-configuration of LTM candidate cells;
Proposal 3: The feature group 45-1 "L1 measurement and reports for LTM" is required to support LTM.
RRC handling
If the UE is provided with an LTM reference configuration,  to execute LTM upon reception of an LTM cell switch MAC CE, the UE needs to generate LTM complete configuration using the reference configuration and the delta configuration. The generation procedure is still under intense RAN2 discussion. 
However, the network can instead provide a complete configuration so that the UE does not have to perform this generation procedure. Therefore, it is not absolutely necessary that the UE supports it.
In the current running CR, there is no further alternative. However, in intra-DU cases, it would be possible for the network to provide a configuration to be applied by normal reconfiguration procedures, i.e. normal delta signalling. In the intra-DU case, the network could ensure that any item that is in one candidate configuration but not in the others is explicitly released in the delta configurations for the other candidate configurations. In the inter-DU case, if such a coordination is not possible, the existing fullConfig indication could be used. While this requires some change to the running CR, it would have the advantage of avoiding the risks related to the new "LTM cell switch execution procedure" in which there are a significant number of issues remaining.
Proposal 4: Introduce UE capabilities for:
1) Support of the new Rel-18 procedure "5.3.5.x.5 LTM cell switch execution" in the RRC running CR: 
If 1) is not supported by the UE, upon reception of the LTM MAC CE, the UE applies the legacy reconfiguration procedure (with or without fullConfig, as in the stored LTM candidate configuration).
2) Support of reference configuration:
If 2) is not supported by the UE but 1) is supported, all candidate configurations will include the ltm-ConfigComplete-r18.
If the UE indicates the support of 2), the UE shall also indicate the support of 1).
RACH-less
To further reduce the interruption time of LTM, the UE can be configured to perform early TA acquisition and to perform RACH-less procedure upon LTM execution. This should be optionally supported by the UE. RAN2 agreed to support both CG-based RACH-less LTM and DG-based RACH-less LTM.
For RACH-less LTM using DG, the UE only needs to monitor the PDCCH of the target cell indicated in the LTM cell switch MAC CE, which is easy for the UE implementation. For RACH-less LTM using CG, CG-LTM-Configuration-r18 is introduced to configure the CG occasions and the association between CG occasions and beams. The UE needs to select the CG occasion for the first UL transmission according to the indicated beam in the LTM cell switch MAC CE.
The UE can support either RACH-less LTM using DG or RACH-less LTM using CG or both. Therefore, RAN2 should introduce two separate UE capabilities for supporting RACH-less cell switch using CG and for supporting RACH-less cell switch using DG, respectively.
Proposal 5: Introduce UE capabilities for:
1) RACH-less cell switch using CG, 
2) RACH-less cell switch using DG.
The feature group 45-7 is "TA indication in cell switch command with and without RACH" and is apparently just a one-bit indication. If the UE supports RACH-less cell switch using CG or DG, the UE needs to support the TA indication in the cell switch command. If the UE does not support RACH-less cell switch, there is no use to indicate the TA in the LTM cell switch command. Therefore, the support of "TA indication in cell switch command" can be deduced from the UE capabilities for RACH-less LTM cell switch using CG and RACH-less LTM cell switch using DG.
Proposal 6: Inform RAN1 that:
-	RAN2 has defined two UE capabilities for RACH-less cell switch
-	Support of TA indication is only needed when one or both of these capabilities are supported
-	FG 45-7 seems redundant with RAN2 UE capabilities.
In order to support RACH-less LTM, it seems useful to support a method for TA acquisition, either 45-5 RACH-based early TA acquisition or 45-6 UE-based TA measurement. However, in small cells, the TA may be considered to be zero. Also, in role change scenarios, the TA is already known. Therefore, these capabilities are not absolutely required.
Proposal 7: The UE may indicate support of "RACH-less cell switch using CG" or "RACH-less cell switch using DG" but not indicate support of FG 45-5 RACH-based early TA acquisition or FG 45-6 UE-based TA measurement.
RAN1 defined the capability of LTM-beam indication with joint or separate TCI states. According to RAN2 discussions, it is always expected that the beam is indicated in case of RACH-less LTM execution. Therefore, the UE should support at least one of the two methods.
Proposal 8: The UE that indicates support of "RACH-less cell switch using CG" or "RACH-less cell switch using DG" shall indicate support of FG 45-3 LTM beam indication with joint DL/UL TCI states or support of FG 45-4 LTM beam indication with separate DL/UL TCI states.
2.2	SCell activation scenarios
LTM is seen useful in CA case, and one typical scenario is FR1+FR2 CA where PCell is FR1 and SCell is FR2. In this case, due to the different characteristics between FR1 and FR2, SCell may have more frequent changes than the PCell change. Therefore, reducing the switching delay for both PCell and SCells is needed. However, in RAN4, only reduced PCell switch delay requirement is discussed, and there is no discussion on reduced SCell switch delay requirement, which may degrade the value of LTM.
To be more specific, there are two scenarios of the SCell switch to address in the above deployment:
Scenario 1: PCell is not changed, only SCell is changed
In this case, FR1 as PCell has good coverage and therefore only FR2 SCell is changed. The legacy RRC configuration of SCell addition/release and the subsequent MAC CE (de)activation procedures can be reused. However, by reusing the current procedure, the delay includes synchronization time, the time for L1-RSRP measurements and reporting and other components are taken into account and this is why in current RAN4 definition (see TS 38.133 subclause 8.2.3) 50 ms may be required for SCell switch. Consequently, the SCell only switch cannot reduce the overall delay.
Scenario 2: PCell is changed with SCell
In this case, both PCell and SCell are under change and LTM procedures can be used. Similarly to the above, the synchronization time, the time for L1-RSRP measurements and reporting and other components are still taken into account for SCell switch and this is why in current RAN4 definition (see TS 38.133 subclause 8.2.3) 50 ms may be required for SCell switch. Thus, even if the PCell switch delay is reduced, the SCell switch delay is still there and the overall PCell + SCell switch delay cannot be well reduced.
Observation 1: Reduced SCell switch delay is one important component to reduce switch delay for CA scenarios.
In the current RRC stage 3 design, the SSB configuration, TCI state configuration and early RACH configuration are per candidate for early measurement and synchronization. In principle, such early measurement and synchronization can be beneficial for future cell switch, regardless whether the cell switch is for PCell or for SCell. As long as there is one candidate including corresponding configurations for a potential SCell switch, the above scenarios can be supported.
The current candidate configuration includes PCell and SCell(s), and the SSB/TCI/early RACH configuration is only associated to one single cell, which is likely to be the PCell. There are two options to extend this to the SCell:
Option 1: Each candidate can provide SSB/TCI/early RACH configuration for multiple cells
In this case, the configuration is not only for the candidate PCell, but also for the candidate SCells. In RAN1 LS, it is a bit unclear whether this is the case and if we go with this approach, confirmation from RAN1 is needed.
Option 2: to use existing structure, and configure more candidates for future cell switch
In this case, there will be two candidate configurations: one is to associate the SSB/TCI/early RACH configuration to FR1; the other is to associate the SSB/TCI/early RACH configuration to FR2. Therefore, the UE can measure and have early synchronization for both FR1 and FR2 candidate cells, and when cell switch occurs, both FR1 (as PCell) and FR2 cells (as SCell) can be switched quickly.
According to the above analysis, it is feasible to support both PCell and SCell switch with shorter delay, without any extra specific design for SCell switch. It is suggested to consider a common stage 3 design for both PCell and SCell switch. RAN4 can therefore also reduce the switch delay for SCell switch. When and how to define RAN4 requirements can be discussed further.
[bookmark: _Hlk146786149]Proposal 9: The mechanism for early UL/DL synchronization of candidate target cells should be designed in a common manner for both PCell and SCell switch to achieve the target of reduced cell switch delay in CA case.
2.3	Leftover stage 2 issues
In the last meeting, we agreed to support SCG LTM without MN involvement in Rel-18. Generally, PSCell change without MN involvement includes two cases:
· Case 1: SRB3 is configured.
In case 1, SRB3 is used to carry the RRC messages between the UE and the SN. The basic structure and signalling of MCG LTM without SCG can be reused in SCG LTM.
· Case 2: SRB3 is not configured.
In case 2, the RRC messages between the UE and the SN are carried on SRB1. In case the split SRB1 is not configured, these RRC messages are forwarded by the MN via SRB1.
For RACH-less SCG LTM:
RAN2#121bis agreed that the first UL transmission on RACH-less LTM should include the RRCReconfigurationComplete message to the network:
	In RACH-less LTM, RRCReconfigurationComplete can be the content of the first UL MAC PDU/transmission to indicate UE arrival, i.e. no need to introduce any new signaling to indicate UE arrival (for the MCG-switch case)



 Although RAN2 mainly considered MCG LTM, it is also expected to be applicable in case 1. If SRB3 is configured, the UE should include the RRCReconfigurationComplete message in the first UL transmission to the SN upon SCG RACH-less based LTM.
However, in case 2, the UE may only be able to send the RRCReconfigurationComplete message to the MN not to the SN (i.e. SRB3 is not configured). In this case, the above agreement is not suitable. In case 2, the UE still needs to indicate its arrival to the SN as soon as possible after receiving the LTM cell switch MAC CE. Therefore, even if there is no UL data to be transmitted, the UE should generate a MAC PDU for the first UL grant and send padding. The network needs to ensure that the UE will send an UL MAC PDU to the SN in the first available UL grant even if there is no UL data in the buffer. For example, the network indicates the UE to not skip UL transmission upon SCG LTM execution by not using the indications (e.g. skipUplinkTxDynamic).
Proposal 10: In SCG LTM without MN involvement, if SRB3 is not configured, the network ensures that the UE will perform UL MAC PDU/transmission to the SCG (e.g. padding) in RACH-less LTM. 
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3	Conclusion
[bookmark: _Toc423020280]In this paper, we discuss the remaining open issues on the leftover stage-2 issues and the UE capabilities related to LTM, and propose the following:
UE capabilities
Proposal 1: The UE can support LTM cell switch operation even if the UE does not support LTM beam indication as in FG 45-3/4 (unlike what is indicated in the RAN1 feature list).
Proposal 2: From RAN2 perspective, the UE capability to indicate the support of LTM feature includes the following components:
· Support of LTM cell switch MAC CE;
· Support of pre-configuration of LTM candidate cells;
Proposal 3: The feature group 45-1 "L1 measurement and reports for LTM" is required to support LTM.
Proposal 4: Introduce UE capabilities for:
1) Support of the new Rel-18 procedure "5.3.5.x.5 LTM cell switch execution" in the RRC running CR: 
If 1) is not supported by the UE, upon reception of the LTM MAC CE, the UE applies the legacy reconfiguration procedure (with or without fullConfig, as in the stored LTM candidate configuration).
2) Support of reference configuration:
If 2) is not supported by the UE but 1) is supported, all candidate configurations will include the ltm-ConfigComplete-r18.
If the UE indicates the support of 2), the UE shall also indicate the support of 1).
Proposal 5: Introduce UE capabilities for:
1) RACH-less cell switch using CG, 
2) RACH-less cell switch using DG.
Proposal 6: Inform RAN1 that:
-	RAN2 has defined two UE capabilities for RACH-less cell switch
-	Support of TA indication is only needed when one or both of these capabilities are supported
-	FG 45-7 seems redundant with RAN2 UE capabilities.
Proposal 7: The UE may indicate support of "RACH-less cell switch using CG" or "RACH-less cell switch using DG" but not indicate support of FG 45-5 RACH-based early TA acquisition or FG 45-6 UE-based TA measurement.
Proposal 8: The UE that indicates support of "RACH-less cell switch using CG" or "RACH-less cell switch using DG" shall indicate support of FG 45-3 LTM beam indication with joint DL/UL TCI states or support of FG 45-4 LTM beam indication with separate DL/UL TCI states.
SCell activation scenarios
Proposal 9: The mechanism for early UL/DL synchronization of candidate target cells should be designed in a common manner for both PCell and SCell switch to achieve the target of reduced cell switch delay in CA case.
Leftover stage 2 issues
Proposal 10: In SCG LTM without MN involvement, if SRB3 is not configured, the network ensures that the UE will perform UL MAC PDU/transmission to the SCG (e.g. padding) in RACH-less LTM. 
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