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1	Introduction
In the last meeting, we made the following agreement on stage-2 issues and SCell activation scenarios:
	P1: The description for early DL synchronization doesn’t need to be captured in a separate section, and that a descriptive text is sufficient. 
P2: Early UL synchronization is described without flowchart in the general description of LTM instead of an independent new section.
P3: Maintain/update the time chart in the running CR and keep the time chart in the specification.
Update the TP to remove overlap with R4 (acc to current status). Shall in any case not have overlap in the final CR to TSG RAN
Confirm that deactivated SCell as LTM candidate cell is supported
Intention: 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).


In the remaining part of this contribution, we mainly discuss the co-existence of LTM and other features (including Rel-18 MIMO, Rel-18 Coverage Enhancement, 2-step RACH and NR-U), and EMR scope.
[bookmark: _Toc499559238][bookmark: _Toc61387172][bookmark: _Toc147158671]2	Discussion
[bookmark: _Toc499559239][bookmark: _Toc61387173][bookmark: _Toc147158672]2.1	UE capabilities 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
	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

	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

	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. 
1. [4. Support LTM TCI-state using SSB as QCL source RS for PDCCH and PDSCH reception]
2. [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 



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, to make it possible to trigger cell switch on the network side, it is necessary that the UE supports L1 measurement reports as defined by RAN1 in FG 45-1 or 45-1a.
Proposal 1: 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 2: At least one of the two feature groups 45-1 "Intra-frequency L1 measurement and reports for LTM" and 45-1a "Inter-frequency 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 consider the reference configuration to be the current UE configuration and apply the delta configuration of the indicated target cell based on the reference configuration. 
Alternatively, the network can instead provide a complete configuration so that the UE can apply the candidate configuration of the target cell directly. Therefore, it is not absolutely necessary that the UE supports the reference configuration.
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 number of issues remaining.
Proposal 3: Introduce UE capabilities for:
1) Support of the new Rel-18 procedure "5.3.5.x.6 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 4: 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 5: 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 6: 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 7: 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.
LTM Scenarios
Regarding LTM scenarios, RAN2 agreed to support MCG LTM with or without SCG and SCG LTM without MN involvement in Rel-18. In the NR-DC case, the UE may receive two independent ltm-Config and maintain two LTM configurations independently. Also, the UE independently performs the procedures related to LTM, including LTM configuration addition/modification/release and LTM execution for MCG LTM and SCG LTM.
From the perspective of UE capability, if the UE supports both MCG LTM and SCG LTM, the UE may need to perform the L1 measurement for both the candidate cells of MCG LTM and the candidate cells of SCG LTM, and the capabilities for the MCG and the SCG might be different.
Proposal 8: The UE signals separate RAN2 capabilities for MCG LTM and for SCG LTM, and separate RAN1 FG capabilities (i.e. they may be different for the MCG and for the SCG)
RAN2 agreed to support simultaneous release of the SCG together with LTM MCG execution, as well as maintaining the SCG. However, it is possible that, when NR-DC and LTM are deployed, these scenarios are not used as they require extra features on the network side. In order to avoid issues when they are deployed, it is necessary to have associated UE capabilities defined.
Proposal 9: Define two additional UE capabilities:
- support of MCG LTM while the UE is in NR-DC and with release of the SCG during MCG LTM execution
- support of MCG LTM while the UE is in NR-DC and the SCG is not released during MCG LTM execution
2.2	Co-existence of LTM and other feature
2.2.1	Co-existence of LTM and Rel-18 MIMO evolution
In Rel-18 MIMO evolution, two TAs belonging to two TAGs are supported for UL multi-DCI for multi-TRP operation. For this enhancement, the mobility scenario is not the typical scenario for evolution. In the last meeting, a one-bit TAG ID in RAR was agreed to indicate which TAG’s TA is updated in Rel-18 MIMO evolution WI.
	The baseline is confirmed as agreement: One R bit in RAR is used to indicate TAG ID, i.e. which TAG’s TA is updated. FFS if the association between the TAGs and value of the R bit (0 or 1) need to be configured by RRC.


Therefore, if the target cell indicated in the LTM cell switch MAC CE has configured two TAGs, the TAG ID in the RAR can be used to indicate the TAG of TA value for RACH-based LTM. So co-existence of RACH-based LTM and Rel-18 MIMO evolution can be supported without any further specification impacts.
Proposal 10a: Confirm that RACH-based LTM can work together with Rel-18 MIMO evolution without any specification impact.
However, for RACH-less LTM, there is no RAR to carry the TAG ID. To support the co-existence of RACH-less LTM and Rel-18 MIMO evolution, additional work is needed for the UE to know the TAG ID of the TA value provided in the LTM MAC CE. While the additional complexity may not be that large, it requires further discussions while both the LTM and 2TA features are not complete.
Proposal 10b: Indicate the TAG ID for the TA value field in LTM cell switch MAC CE.
2.2.2	Co-existence of LTM and Rel-18 CovEnh
In Rel-18 coverage enhancement WI, Msg1 repetition is supported. For CBRA, the UE selects a repetition number based on the DL RSRP. For CFRA reconfiguration with sync, Msg1 repetition is supported and the network explicitly configures a repetition number associated with CFRA resources in RACH-ConfigDedicated. However, for PDCCH ordered CFRA, Msg1 repetition is not supported according to the following agreements:
	RAN2 #122
· RAN2 intends to support CFRA for msg1 repetition for ReconfigurationWithSync case, FFS for other cases.

RAN2 #123
· CFRA with Msg1 repetition for BFR and with PDCCH order are not supported (can be revisited if there is consensus to support this) 




In the CBRA based LTM cell switch case, the Msg1 repetition can be naturally supported if the target cell pre-configuration has Msg1 repetition configuration. In the CFRA based LTM cell switch, if the CFRA resources are provided in the target cell pre-configuration (RACH-ConfigDedicated in reconfigurationWithSync), the Msg1 repetition can be supported as well. However, for the case where the CFRA resources are provided by the LTM MAC CE, in order to support Msg1 repetition, additional specification work needs to be considered. The CFRA resource information in the LTM cell switch CE are similar to those in the PDCCH order. CovEnh WI does not support Msg1 repetition for PDCCH order, so RAN2 and RAN1 would need to discuss the format and the corresponding UE behaviour..
For early TA acquisition of LTM, the co-existence of Rel-18 CovEnh is not supported, since CFRA with Msg1 repetition for PDCCH order is not supported explicitly in Rel-18 CovEnh WI. 
Proposal 11: RAN2 understands that the CBRA-based LTM and CFRA-based LTM when the CFRA resources are provided in target cell RRC pre-configuration can work together with Rel-18 Coverage Enhancement. 
Proposal 12: RAN2 does not support the Msg1 repetition number information of CFRA information indicated by the LTM MAC CE.
2.2.3	Co-existence of LTM and 2-step RACH
The intention of 2-step RACH is to reduce the latency of the access procedure, which could be beneficial for LTM. For the contention based RACH procedure, using 2-step RACH can further reduce the interruption time of the LTM procedure. Moreover, the current 2-step RACH can be entirely reused without any specification update to support CBRA-based LTM. That means, if the BWP for LTM operation is only configured with 2-step RACH configurations, or the BWP is configured with both 2-step configurations and 4-step RACH configurations and the RSRP of DL pathloss satisfies the threshold of 2-step RACH, the UE can choose 2-step contention based RACH to access the target cell indicated in the LTM cell switch MAC CE.
For 2-step CFRA, only reconfiguration with sync is supported for now. The network can provide 2-step CFRA configurations (i.e. CFRA-TwoStep-r16 in RACH-ConfigDedicated) in the L3 handover command, including the dedicated RA occasions and the dedicated preambles configuration for 2-step RACH. The UE performs 2-step using the RACH resources provided in the 2-step CFRA configuration. 
For CFRA-based LTM, RAN2 agreed to support having CFRA resource related information in the LTM cell switch MAC CE, like preamble index, UL/SUL indicator, SSB index and PRACH Mask index (FFS which config is referring to). Therefore, the 2-step CFRA configuration is not applicable for CFRA-based LTM with CFRA information in the LTM MAC CE. To support 2-step CFRA based LTM, additional work is needed.
Proposal 12: Confirm that LTM with 2-step CFRA configured in rach-ConfigDedicated (without any CFRA resource information in the LTM MAC CE) is supported. RAN2 does not support the 2-step CFRA information indicated by LTM MAC CE.
2.2.4	Co-existence of LTM and NR-U
There is an open issue on whether/how to consider the early RACH for LTM candidate cell co-existence with LBT. From our perspective, one of the issues is whether to support autonomous retransmission of the preamble of early RACH in cases of LBT failure. We think the answer is no since autonomous retransmission of PRACH for PDCCH ordered early RACH is not allowed by RAN1 currently. Regardless of LBT failure or not, the network can trigger early RACH again using PDCCH order if it detects that the last RA is failed. 
Another issue is whether power ramping is performed in the case of LTB failure. Currently, RAN1 agreed that the UE will increase the power with the value of power ramping configuration if it is indicated as re-transmission in PDCCH order, unless the maximum power value is achieved. That means that the UE does not need to care whether the preamble is sent in the last PDCCH order triggered early RACH, which is also consistent with the current TS 38.321 running CR. Considering that RAN1 has finished the discussion on LTM, specification changes on co-existence with NR-U should not be supported.
Proposal 13: RAN2 does not consider any specification change to support LTM together with NR-U.
2.3	EMR scope
RAN4 sent two LSes [1] [2] to RAN2 about the Early Measurement Report (EMR) progress. RAN4 studied the “enhancement measurement” procedure and made the following agreement.
	Starting point of the enhanced measurement
<Agreement>
· For MT originating call, UE starts to perform additional measurement after paging reception. 
· [bookmark: OLE_LINK3]And for MO call, UE starts to perform additional measurement after first RACH preamble transmission, i.e. Msg1.
· Note: the respective agreement can be used to derive requirements once feasibility of enhanced solution is confirmed
Ending point of the enhanced measurement
<Agreement>
· The ending point of enhanced measurement at the reception of the RRC CONNECTED mode measurement configuration (the 1st RRC_reconfiguration message)
· Note: the respective agreement can be used to derive requirements once feasibility of enhanced solution is confirmed


The feasibility of the enhanced measurement is still not confirmed by RAN4, as shown in the highlight sentences above,. so before discussing any signalling and procedure, RAN2 can wait for RAN4 confirmation on the feasibility.
Proposal 14: Wait for RAN4 confirmation on the feasibility of “enhanced measurement” before spending time to discuss the RAN2 signalling and procedure.

3	Conclusion
This contribution makes the following proposals:
UE capabilities for LTM
Proposal 1: 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 2: At least one of the two feature groups 45-1 "Intra-frequency L1 measurement and reports for LTM" and 45-1a "Inter-frequency L1 measurement and reports for LTM" is required to support LTM.
Proposal 3: Introduce UE capabilities for:
1) Support of the new Rel-18 procedure "5.3.5.x.6 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 4: Introduce UE capabilities for:
1) RACH-less cell switch using CG, 
2) RACH-less cell switch using DG.
Proposal 5: 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 6: 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 7: 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.
Proposal 8: The UE signals separate RAN2 capabilities for MCG LTM and for SCG LTM, and separate RAN1 FG capabilities (i.e. they may be different for the MCG and for the SCG)
Proposal 9: Define two additional UE capabilities:
- support of MCG LTM while the UE is in NR-DC and with release of the SCG during MCG LTM execution
- support of MCG LTM while the UE is in NR-DC and the SCG is not released during MCG LTM execution
Co-existence of LTM and Rel-18 MIMO evolution
Proposal 10a: Confirm that RACH-based LTM can work together with Rel-18 MIMO evolution without any specification impact.
Proposal 10b: Indicate the TAG ID for the TA value field in LTM cell switch MAC CE.
Co-existence of LTM and Rel-18 CovEnh
Proposal 11: RAN2 understands that the CBRA-based LTM and CFRA-based LTM when the CFRA resources are provided in target cell RRC pre-configuration can work together with Rel-18 Coverage Enhancement. 
Proposal 12: RAN2 does not support the Msg1 repetition number information of CFRA information indicated by the LTM MAC CE.
Co-existence of LTM and 2-step RACH
Proposal 12: Confirm that LTM with 2-step CFRA configured in rach-ConfigDedicated (without any CFRA resource information in the LTM MAC CE) is supported. RAN2 does not support the 2-step CFRA information indicated by LTM MAC CE.
Co-existence of LTM and NR-U
Proposal 13: RAN2 does not consider any specification change to support LTM together with NR-U.
EMR scope
Proposal 14: Wait for RAN4 confirmation on the feasibility of “enhanced measurement” before spending time to discuss the RAN2 signalling and procedure.
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