3GPP TSG-RAN WG2 Meeting #123bis										    R2-2310619
Xiamen, China, October 9th – 13th, 2023		    

Source: 	Xiaomi
Title:  	Discussion on RRC aspects for L1/L2-Triggered Mobility
Agenda Item:	7.4.2.1
Document for:	Discussion and Decision
1. [bookmark: _Ref165266342]Introduction
According to the WID [1] of the Rel-18 mobility enhancements as quoted below, one objective of L1/L2 based inter-cell mobility is included.
	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]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 3: FR2 specific enhancements are not precluded, if any.
Note 4: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG, prioritizing MCG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized



In this contribution, we provide our understandings for RRC aspects of LTM. 
2. Discussion
Configuration for LTM 
In RAN2#123 meeting, the following cases have been supported for LTM scenarios:
· Case 1: the case of PCell change (MCG) by LTM, without SCG, is supported (If there is an SCG configuration it is released at LTM execution). 
· Case 2: the case of SCG LTM, without MN involvement is supported 
For the RRC modelling of the LTM candidate configuration, RAN2 has agreed to use one RRCReconfiguration message for each candidate target configuration. But how to configure MCG LTM and SCG LTM is FFS. Up to now, LTM for MCG with SCG has not been supported and MCG LTM and SCG LTM is done independently. Hence, one LTM candidate configuration can contain either the MCG LTM configuration or the SCG LTM configuration (not both).
Proposal 1: One LTM candidate configuration can contain either the MCG LTM configuration or the SCG LTM configuration (not both).
To supported case 1 and case 2, the network can provide two LTM-Config to UE, one for MCG and the other for SCG, and the UE maintains two independent UE variables to store the LTM configuration, one associated with each LTM-Config.
Similar to the legacy intra-SN SCG change without MN involvement, the configurations of SCG LTM can be provided by the UE either via an SCG RRCReconfiguration via SRB3 or embedded via an MCG RRCReconfiguration via SRB1.
Proposal 2: The LTM-Config IE for an SCG can be received by the UE either via an SCG RRCReconfiguration via SRB3 or embedded via an MCG RRCReconfiguration via SRB1 (i.e., contained in nr-SCG within MRDC-SecondaryCellGroupConfig).
For LTM, one scenario that the UE comes back to the initial source cell after the initial LTM also can be considered. How to support the scenario need to be decided by RAN2. The similar issue has been discussed in subsequent CPAC, and RAN2 assumes that if the UE needs to be able to return to a current SCG by conditional procedure, then the network could explicitly configure a candidate configuration for that cell. Hence, the similar principle can be reused for LTM. If the UE needs to be able to return to the initial source cell during subsequent LTM, the network could explicitly configure a LTM candidate configuration for the initial source cell.
Proposal 3: If the network wants to use the initial source cell as a LTM candidate cell, the network could explicitly configure a LTM candidate configuration for the initial source cell.
Release of LTM configurations
In RAN2#119bis-e [3], RAN2 has assumed that candidate cell configuration can only be modified/released by Network (FFS later whether some optimization should be applied e.g. for release). For a UE in RRC_CONNECTE, the network can always modified/released the LTM configuration through the explicit indication (i.e. ltm-CandidateToReleaseList and ltm-CandidateToAddModList). 
Observation 1: For the UE in RRC connected mode, the network can explicitly release the invalid LTM configurations via Rel-18 ltm-CandidateToReleaseList IE, if needed.
For case 1: the case of PCell change (MCG) by LTM, without SCG
In case 1, the configuration of MCG LTM is configured by an ltm-Config associated with the MCG that is included within an RRCReconfiguration message received via SRB1. When the UE performs some L3 mobility such as L3 handover and CHO, whether to release the MCG LTM configurations is up to network configuration. If needed, network can use explicit indication (i.e. ltm-CandidateToReleaseList) to release the LTM configurations when L3 handover/CHO occurs.
Proposal 4: MN can use the explicit indication (i.e. ltm-CandidateToReleaseList) to release the MCG LTM configurations when L3 handover/CHO occurs, if needed.
For case 2: the case of SCG LTM, without MN involvement
For case 2 (SCG LTM without MN involvement), all configurations are generated by the SN and configured by an ltm-Config associated with the SCG that is included within an RRCReconfiguration message either received via SRB3, or, alternatively, embedded in an RRCReconfiguration message received via SRB1, which is transparent and unknowable for the MN. Hence, upon SCG release triggered by the MN, the serving MN and SN cannot release the SCG LTM via the explicit indication. 
Based on above analysis, the UE should remove all LTM configurations associated with SCG upon SCG release. And the UE shall perform LTM configuration release for SCG, which is specified in clause 5.3.5.x.6 in the running CR, as shown below [4]:5.3.5.x.6	LTM configuration release
The UE shall:
1> remove all entries within VarLTM-UE-Config for the cell group for which the LTM configuration release is triggered;
1> remove all entries within VarLTM-Config for the cell group for which the LTM configuration release is triggered;
1> remove all entries within VarLTM-ServingCellNoResetID for the cell group for which the LTM configuration release is triggered;
1> remove ltm-Config for the cell group for which the LTM configuration release is triggered;
1> remove from current UE configuration all entries of ltm-CSI-ReportConfigToAddModList for all serving cell related to the cell group for which the LTM configuration release is triggered.


Proposal 5: The UE shall remove all configurations for SCG LTM upon SCG release.
Upon L3 intra-PSCell change which is configured by the SN, some configurations for SCG LTM can continue to be used for subsequent LTM. Hence, it is not needed the UE autonomously removes the SCG LTM configurations. If needed, the network can initiate the removal of SCG LTM configurations by the explicit RRC indication (i.e. ltm-CandidateToReleaseList).
Proposal 6: SN can use the explicit indication (i.e. ltm-CandidateToReleaseList) to release the SCG LTM configurations when L3 intra-PSCell change occurs, if needed.

Coexistence of LTM and CHO/CPAC
In RAN#101, the Coexistence of LTM and CHO/CPAC has been discussed for Rel-19 Mobility Enhancements, and in the summary of Rel-19 Mobility has indicated that some aspects for the coexistence of LTM and CHO/CPAC could be covered even within Rel-18 depending om the stage 3 details [5].
	a. Coexistence of LTM and CHO/CPAC [DT, Xiaomi, ZTE]
Related to b. Some aspects could be covered even within Rel-18 depending om the stage 3 details. Further discussion needed to conclude how LTM and conditional triggering of mobility procedures fit together. 


For the coexistence of LTM and CHO/CPAC, there are two aspects can be considered:
1) LTM and CHO/CPAC can be configured simultaneously
2) Sharing candidate configurations between CHO/CPAC and LTM
a. To allow LTM candidate configuration used for CHO/CPAC procedure
b. To allow CHO/CPAC candidate configuration used for LTM procedure
For the first aspect, we can discuss whether LTM and CHO/CPAC can be configured simultaneously in Rel-18
In RAN2#121bis-e [6], RAN2 has agreed “while configured with LTM candidate cells, the UE can also execute any L3 handover command sent by the network.” To align with the legacy L3 handover, while configured with LTM candidate cells, the UE can also be configured with CHO/CPAC configurations to support that LTM and CHO/CPAC can be configured simultaneously.
Proposal 7: LTM and CHO/CPAC can be configured simultaneously in Rel-18, i.e. while configured with LTM candidate cells, the UE can also be configured with CHO/CPAC configurations.
If LTM and CHO/CPAC can be configured simultaneously, when LTM or CPAC is triggered, UE behaviours can be discussed.
· When CHO/CPAC is triggered, the UE will not autonomously release the LTM configurations and the RRCReconfiguration as the CHO/CPAC candidate configuration can modified/released the LTM configurations, which is align with P4 provided in the contribution.
· When the UE performs LTM cell switch procedure, CHO/CPAC configuration shall be removed to align with the legacy behaviours.
Proposal 8: If LTM and CHO/CPAC can be configured simultaneously, LTM Cell switch can trigger the removal of CHO/CPAC.
For the second aspect, the associated discussion can be started in Rel-19. In Rel-18, only the intra-CU LTM is supported, but both intra-CU and inter-CU CHO/CPAC are supported in Rel-17. Hence, for Rel-18, the enhancement for the second aspect is not essential. Furthermore, more work needs to be done to achieve the second aspect, compared with the first aspect. Hence, sharing candidate configurations between CHO/CPAC and LTM shall not be supported in Rel-18.
Proposal 9: Sharing candidate configurations between CHO/CPAC and LTM shall not be supported in Rel-18.
Failure recovery by LTM
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In previous meetings [3], RAN2 introduced a RRC layer timer to supervise LTM. And if the LTM supervisor timer for MCG expires, as baseline, the UE considers LTM failure and initiates RRC re-establishment. RAN2 has intended to support fast recovery to a candidate cell by LTM execution, at RLF or LTM execution failure (for MCG). And RAN2 has reached the following agreement for LTM recovery:
· Upon an LTM cell switch failure (i.e., supervision timer expiry) or RLF, fast recovery similar to CHO:
· UE performs cell selection.
· If selected cell is an LTM candidate cell, UE performs RACH-based LTM cell switch on the selected cell (network-controlled).
· If selected cell is not an LTM candidate cell, UE transmits RRC re-establishment request.

RAN2 has also agreed the UE can also execute any L3 handover command sent by the network while configured with LTM candidate cells. Similar to RLF and LTM failure, fast recovery by LTM execution also can be supported for legacy handover failure.
Proposal 10: At handover failure (i.e. re-configuration with sync failure of the MCG), RAN2 can support fast recovery to a LTM candidate cell by LTM execution, if configured.
In Rel-16, upon failure, the UE will perform CHO if the selected cell is CHO candidate cell and it is the first time of recovery and if the network allows CHO based recovery. Similar to Rel-16 CHO based recovery, LTM based recovery also can only be performed for the first time of recovery.
Proposal 11: Similar to Rel-16 CHO based recovery, LTM based recovery can only be performed for the first time of recovery.
In Rel-16, the UE shall remove all CHO configurations if CHO recovery is triggered, to avoid fast recovery based on CHO more than one time. And whether the CHO based recovery is successful or unsuccessful, the UE always needs to release all CHO configurations. However, for LTM based recovery, if the LTM execution trigged for recovery is successfully completed, the LTM configurations stored in UE can be used for subsequent LTM. Hence, when the UE executes the LTM for fast recovery, it is not needed to remove all LTM configurations, which is different from Rel-16 CHO recovery.
To avoid the UE executes the LTM based recovery more than one time, some restriction can be added in the procedure of the RRC re-establishment to limit the UE can only perform LTM for the first time of recovery.
Proposal 12: The execution of LTM for fast recovery will not trigger the removal of LTM configuration, which is different from Rel-16 CHO based recovery. 
3. Conclusions
According to the analysis given above, we have the following observations and proposal:
Configuration for LTM
Proposal 1: One LTM candidate configuration can contain either the MCG LTM configuration or the SCG LTM configuration (not both).
Proposal 2: The LTM-Config IE for an SCG can be received by the UE either via an SCG RRCReconfiguration via SRB3 or embedded via an MCG RRCReconfiguration via SRB1 (i.e., contained in nr-SCG within MRDC-SecondaryCellGroupConfig).
Proposal 3: If the network wants to use the initial source cell as a LTM candidate cell, the network could explicitly configure a LTM candidate configuration for the initial source cell.
Release of LTM configurations
Observation 1: For the UE in RRC connected mode, the network can explicitly release the invalid LTM configurations via Rel-18 ltm-CandidateToReleaseList IE, if needed.
Proposal 4: MN can use the explicit indication (i.e. ltm-CandidateToReleaseList) to release the MCG LTM configurations when L3 handover/CHO occurs, if needed.
Proposal 5: The UE shall remove all configurations for SCG LTM upon SCG release.
Proposal 6: SN can use the explicit indication (i.e. ltm-CandidateToReleaseList) to release the SCG LTM configurations when L3 intra-PSCell change occurs, if needed.
Coexistence of LTM and CHO/CPAC
[bookmark: _Toc502437832]Proposal 7: LTM and CHO/CPAC can be configured simultaneously in Rel-18, i.e. while configured with LTM candidate cells, the UE can also be configured with CHO/CPAC configurations.
Proposal 8: If LTM and CHO/CPAC can be configured simultaneously, LTM Cell switch can trigger the removal of CHO/CPAC.
Proposal 9: Sharing candidate configurations between CHO/CPAC and LTM shall not be supported in Rel-18.
[bookmark: _GoBack]Failure recovery by LTM
Proposal 10: At handover failure (i.e. re-configuration with sync failure of the MCG), RAN2 can support fast recovery to a LTM candidate cell by LTM execution, if configured.
Proposal 11: Similar to Rel-16 CHO based recovery, LTM based recovery can only be performed for the first time of recovery.
Proposal 12: The execution of LTM for fast recovery will not trigger the removal of LTM configuration, which is different from Rel-16 CHO based recovery. 
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