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1. Introduction
[bookmark: OLE_LINK1]At last meeting, RAN2 discussed RRC aspects related to L1/L2-triggered mobility (LTM) and made the following agreements [1]: 
	· P1	RAN2 to confirm that the CellGroupConfig IE is (mandatory) needed within an LTM candidate cell configuration.
· P3	The RadioBearerConfig IE can be optionally supported in an LTM candidate configuration
· P5	The MeasConfig IE can be optionally supported in an LTM candidate configuration.
· P8	The OtherConfig IE is not required to be part of the LTM candidate cell configuration.
· P9	The LTM candidate cell configuration should be designed as a To AddMod/ToRelease structure.
· P10	The LTM candidate cell configuration ASN.1 structure comprises at least a CellGroupConfig IE and a configuration ID.
 
On Delta Configuration
· A UE stores the reference configuration as a separate configuration.
· The reference configuration is managed separately 



In this contribution, we discussed some open issues on candidate cell configuration and maintenance.
2. Discussion
2.1 RRC model on candidate cell configurations
At last meeting, RAN2 discussed which information/parameters can be included in the LTM candidate cell configuration and made some initial conclusion on the ASN.1 structure for LTM candidate cell configurations. According to the previous discussions, there are two RRC models on the table:
· Model 1: One RRCReconfiguration message (or FFS RRCReconfiguration IEs) for each candidate target configuration
· Model 2: One CellGroupConfig IE (FFS additional IEs) for each candidate target configuration
Since we have identified which parameters are mandatorily included in the LTM candidate cell configuration and which parameters are optionally included in the LTM candidate cell configuration, we think the main difference between model 1 and model 2 is whether to exclude some parameters from the RRCReconfiguration or to add some parameters on the basis of CellGroupConfig. 
Observation 1: The main difference between model 1 and model 2 is whether to exclude some parameters from the RRCReconfiguration or to add some parameters on the basis of CellGroupConfig.
Considering that there are many other parameters included in the subdirectory of the RRCReconfiguration-IEs, if such parameters (e.g. otherConfig, fullConfig, masterKeyUpdate, etc.) are identified to be not required in LTM candidate cell configuration, we may need to add restriction one by one in the field description for each related parameters, as the handling on DAPS HO. It seems not a efficient way. So it’s preferred to adopt Model 2 as the baseline. We can design a clean signaling structure for LTM candidate cell configuration, and see which additional parameters could be added on the basis of CellGroupConfig IE.
Proposal 1: Model 2 (i.e. CellGroupConfig IE) is taken as the baseline for the LTM candidate cell configuration. Other optional IEs could be added on the basis of CellGroupConfig IE.
The LTM candidate cell configuration ASN.1 structure comprises at least a CellGroupConfig IE and a configuration ID. For each LTM candidate cell configuration, regarding how to include other optional parameters on the basis of CellGroupConfig IE, there are two options that can be considered for ASN.1 structure:
· Option 1: Each LTM candidate cell configuration includes candidate a configuration index, CellGroupConfig IE and all possible/optional configured IEs, e.g. RadioBearerConfig, MeasConfig.
· Option 2: Introduce separate LTM candidate part lists for each optional IEs, e.g. a candidate RadioBearerConfig ToAddMod/ToRelease list, a candidate MeasConfig ToAddMod/ToRelease list. For each LTM candidate cell configuration, the required reconfiguration part(s) can be to refer to from separate candidate list(s). 
Option 1 is a more straightforward way. An example of ASN.1 structure for option 1 has been proposed in companies’ contribution [2]. However, for the optional configuration part, it may not require configuration differentiation for each candidate cells, especially in case of CA where each SCell is possibly configured as LTM candidates. Namely, some candidate cells could share the common radio bearer configuration or/and RRM measurement configuration, e.g. the similar RRM measurement configuration for candidate cells in the same frequency. 
Observation 2: For optional configuration parts, candidate cells may share the common configuration, e.g. the similar RRM measurement configuration for candidate cells in the same frequency.
In option 2, separate candidate configuration part lists are provided, which allows the candidate cell to refer to the required configuration part from the separate list, to avoid the redundant configuration part across candidate cells, and reduce the signaling overhead. For example, each candidate cell configuration can include a candidate cell configuration index, a CellGroupConfig IE, a candidate radio bearer configuration index to refer to the indicated radio bearer configuration from the candidate radio bearer configuration list, a candidate measurement configuration index to refer to the indicated measurement configuration from the candidate measurement configuration list, etc. An example of ASN.1 structure for option 2 is shown as follows:
RRCReconfiguration message
RRCReconfiguration-Ies ::=              SEQUENCE {
    radioBearerConfig                       RadioBearerConfig                                                      OPTIONAL, -- Need M
    masterCellGroup                         OCTET STRING (CONTAINING CellGroupConfig)                                 OPTIONAL, -- Cond SCG
    measConfig                              MeasConfig                                                             OPTIONAL, -- Need M
    lateNonCriticalExtension                OCTET STRING                                                           OPTIONAL,
    nonCriticalExtension                    RRCReconfiguration-v1530-Ies                                           OPTIONAL
}

RRCReconfiguration-vXXXX-Ies ::=              SEQUENCE {
    ltm-CandidatesConfig-r18                SetupRelease {LTM-CandidatesConfig-r18}                                OPTIONAL, -- Need M
    lateNonCriticalExtension                OCTET STRING                                                           OPTIONAL,
    nonCriticalExtension                    SEQUENCE {}                                                            OPTIONAL
}


LTM-CandidatesConfig information element
LTM-CandidatesConfig-r18 ::=   SEQUENCE {
    ltm-CandidateToRemoveList-r18         LTM-CandidateToRemoveList-r18                                            OPTIONAL,   -- Need N
    ltm-CandidateToAddModList-r18         LTM-CandidateToAddModList-r18                                            OPTIONAL,   -- Need N
    ltm-CandRadioBearerConfigToRemoveList-r18         LTM-CandRadioBearerConfigToRemoveList-r18               OPTIONAL,   -- Need N
ltm-CandRadioBearerConfigToAddModList-r18         LTM-CandRadioBearerConfigToAddModList-r18                OPTIONAL,   -- Need N
    ltm-CandMeasConfigToRemoveList-r18         LTM-CandRMeasConfigToRemoveList-r18               OPTIONAL,   -- Need N
    ltm-CandMeasConfigToAddModList-r18         LTM-CandMeasConfigToAddModList-r18                OPTIONAL,   -- Need N
 ...
}

LTM-CandidateToReleaseList-r18 ::= SEQUENCE (SIZE (1..maxNrofCellsLTM-r18)) OF LTM-CandidateId-r18                 OPTIONAL, -- Need N
LTM-CandRadioBearerConfigToReleaseList-r18 ::= SEQUENCE (SIZE (1..maxNrofCellsLTM-r18)) OF LTM-CandRadioBearerConfigId-r18                 OPTIONAL, -- Need N
LTM-CandMeasConfigToReleaseList-r18 ::= SEQUENCE (SIZE (1..maxNrofCellsLTM-r18)) OF LTM-CandMeasConfigId-r18                 OPTIONAL, -- Need N

LTM-CandidateToAddModList-r18 ::= SEQUENCE (SIZE (1..maxNrofCellsLTM-r18)) OF LTM-CandidateToAddMod-r18
LTM-CandRadioBearerConfigToAddModList-r18 ::= SEQUENCE (SIZE (1..maxNrofCellsLTM-r18)) OF LTM-CandRadioBearerConfigToAddMod-r18
LTM-CandMeasConfigToAddModList-r18 ::= SEQUENCE (SIZE (1..maxNrofCellsLTM-r18)) OF LTM-CandMeasConfigToAddMod-r18

LTM-CandidateToAddMod-r18 ::=     SEQUENCE {
    ltm-CandidateId-r18                   LTM-CandidateId-r18,
    ltm-CellGroupConfig-r18               OCTET STRING (CONTAINING CellGroupConfig),
    ltm-RadioBearerConfig-r18             LTM-CandRadioBearerConfigId-r18                                                        OPTIONAL,
    ltm-MeasConfig-r18                    LTM-CandMeasConfigId-r18                                                               OPTIONAL,
    ...
}
LTM-CandRadioBearerConfigToAddMod-r18 ::=     SEQUENCE {
    ltm-CandRadioBearerConfigId-r18                   LTM-CandRadioBearerConfigId-r18,
    ltm-CanRadioBearerConfig-r18             RadioBearerConfig                                          
    ...
}
LTM-CandMeasConfigToAddMod-r18 ::=     SEQUENCE {
    ltm-CandMeasConfigId-r18                   LTM-CandMeasConfigId-r18,
    ltm-CanMeasConfig-r18             MeasConfig                                          
    ...
}
Proposal 2: RAN2 to discuss options on how to include optional configuration parts in the LTM candidate cell configuration:
· Option 1: Each LTM candidate cell configuration includes candidate a configuration index, CellGroupConfig IE and all possible/optional configured IEs, e.g. RadioBearerConfig, MeasConfig.
· Option 2: Introduce separate LTM candidate part lists for each optional IEs, e.g. a candidate RadioBearerConfig ToAddMod/ToRelease list, a candidate MeasConfig ToAddMod/ToRelease list. For each LTM candidate cell configuration, the required reconfiguration part(s) can be to refer to from separate candidate list(s). 
Besides, RAN2 agreed to support NR-DC scenario in LTM, at least for the PSCell change without MN involvement case, i.e. intra-SN. Considering the large work load for LTM, we think RAN2 can focus on intra-SN LTM without MN involvement case in Rel-18.
Observation 3: LTM is supported for the PSCell change without MN involvement case, i.e. intra-SN.
In case of intra-SN LTM without MN involvement, the SN can generate the LTM candidate cell configuration by itself. The possible parameters to be configured for PCell candidates, can also be used for PSCell candidates. Thus, a common LTM candidate cell configuration list can be used for PCell candidates and PSCell candidates, i.e. similar to the current conditionalReconfiguration. There is no need to introduce separate LTM candidate configuration list for LTM PSCell candidates.
Proposal 3: A common LTM candidate cell configuration list can be used for configuring LTM PCell candidates and LTM PSCell candidates, i.e. no need to introduce a separate LTM candidate PSCell/SCG configuration list. 
2.2 Handling on delta configuration
At last meeting, we discussed the handling on delta configuration and made the following agreements:
	Delta configuration
· A UE stores the reference configuration as a separate configuration.
· The reference configuration is managed separately 



Regarding how to define the reference configuration, there are several alternatives on the table:
· Alt. 1: a separate reference configuration provided by the NW, e.g. including common configuration parts among serving cells and candidate cells;
· Alt. 2: the initial source configuration, i.e. the UE configuration when the UE receiving LTM candidate cell configurations from the NW;
· Alt. 3: the current source configuration, i.e. the UE configuration when the cell switch command is received
In option 1 and 2, the UE stores the reference configuration as a separate configuration upon reception of the RRCReconfiguration message with LTM candidate cell configurations. Upon reception of the cell switch command, the UE shall firstly revert back to the reference configuration and then apply the candidate cell configuration based on the reference configuration. So the UE handling on option 1 and option 2 is similar. However, option 1 can provide more flexibility than option 2. The NW can provide the reference configuration including the common parts across multiple candidates, e.g. a common L1 measurement configuration for serving cells and candidate cells. 
In option 3, the UE just needs to apply the candidate cell configuration based on the current source configuration, similar to the normal handover. However, since there are multiple candidate cells, the subsequent cell switch order can not be predicted when the NW prepares the candidate cell configurations. Thus, for each candidate cell, the NW needs to provide several candidate delta configurations, each one is configured based on a possible source cell (e.g. the initial source cell, other candidate cell). It will introduce complex signaling structure and cause large signaling overhead. 
According to the analysis above, we slightly prefer option 2. 
Proposal 4: A separate reference configuration is explicitly configured by the NW.
Regrading the parameters to be included in the reference configuration, we think it could be a full configuration to contain all possible IEs in the current RRCReconfiguration messages. In addition to the existing parameters, a common L1 measurement resources pool and TCI-state pool can be introduced in the reference configuration for serving cells and candidate cells. Upon reception of the reference configuration, the UE can always maintain the common L1 measurement configurations and use them for L1 measurements on all serving cells and candidate cells. So there is no need to adjust the measurements resources based on the measurement configuration included in each candidate configuration every time after a LTM execution, which can avoid redundant and heavy L1 measurement configuration within each candidate configuration. However, considering that RAN1 has discussed the L1 measurement framework, we can wait for RAN1 decision and input to design the detailed signaling for L1 measurement.
Proposal 5: The separate reference configuration could be a full configuration, and include some common configuration parts across serving cells and candidate cells, e.g. a common L1 measurement resources pool, a common TCI-state pool.
Upon reception of the reference configuration, the UE shall store the reference configuration separately and maintain such configuration after completion of LTM. The reference configuration can only be modified or released by the NW.
Proposal 6: The reference configuration can only be modified or released by the NW.
When receiving the cell switch command from the NW, the UE shall firstly revert back to the reference configuration and then apply the target candidate cell configuration based on the reference configuration to perform the cell switch to the target cell.
Proposal 7: Upon reception of the cell switch command, the UE shall firstly revert back to the reference configuration and then apply the target candidate cell configuration based on the reference configuration, in order to perform the cell switch to the target cell. 
2.3 Candidate cell maintenance
RAN2 assumed that sequential LTM between candidates without RRC reconfiguration can be supported. And the LTM candidate cell configuration can only be modified/released by Network. Thus, in order to make full use of LTM candidate configurations for subsequent LTM, the UE could maintain candidate configurations after completion of one LTM by default. 
Proposal 8: After completion of one LTM execution, LTM candidate cell configurations are maintained by default. 
Since the initial source cell could also be the potential candidate for the subsequent LTM, the source cell configuration could be maintained after completion of LTM. In such case, the NW should explicitly configure the source cell as a LTM candidate cell in the LTM candidate cell configuration list, if the NW wants to use the source cell for subsequent LTM. 
Proposal 9: The NW explicitly configures the source cell as a LTM candidate cell in the LTM candidate cell configuration list, if the NW wants to use the source cell for the subsequent LTM.
If the NW does not allow to perform LTM any more, the NW can explicitly release the LTM candidate cell configurations via RRCReconfiguration message. However, it’s unclear whether the LTM candidate cell configurations could be maintained upon entering to RRC_IDLE state or RRC_INACTIVE state. Besides, it’s possible for the NW to trigger L3 HO (e.g. for inter-CU HO) when LTM candidate cell configurations are configured for the UE. In CHO, the UE shall autonomously release the stored candidate cell configurations in such cases, e.g. completion of PCell change, entering to RRC_IDLE/RRC_INACTIVE state. For LTM, we can further discuss whether to reuse the the UE autonomous release solution, like CHO. Or it can be up to the NW explicitly indicates whether to release or maintain the stored LTM candidate cell configurations, e.g. via RRCReconfiguration message, RRCRelease message.
Proposal 10: RAN2 to discuss whether to maintain the LTM candidate cell configurations upon entering to RRC_IDLE/RRC_INACTIVE state, or triggering the L3 handover. 
With the UE’s movement and the change of the channel environment, when the UE switches to a specific target cell, some candidate cells may be not suitable as the candidates for the next cell switch. Taking the following cell distribution map as an example, there are 8 candidate cells pre-configured by the NW to support subsequent LTM. When the UE moves to the Cell 5, actually just three cells (e.g. Cell 2, Cell 3, Cell 6) can be taken as the potential targets for the next cell switch. However, with the UE’s movement, other candidate cells could be possible for the subsequent cell switch (e.g. when UE moves to Cell 2, any other neighbour cells could be candidates for the subsequent cell switch). Thus, it would be beneficial to maintain all candidates for the subsequent LTM, to avoid frequent RRCReconfiguration for candidate cell update. However, if the UE always performs the measurement on all configured candidate cells and related beams, it may cause the considerable power consumption considering the L1 measurement and report is triggered much frequently than L3 measurement. 


Fig. 1 An example of cell distribution map
Observation 4: Considering that the L1 measurement and report is triggered much more frequently than L3 measurement, performing the L1 measurements on all configured candidate cells all the time may cause the considerable power consumption.
In order to save the UE power and enable more flexible candidate update, the NW can dynamically active/select the desired candidate cells to be measured by the UE via L1/L2 signaling (e.g. MAC CE or DCI). For example, the NW can indicate a subset of cells to be measured and reported, and then the UE is only required to measure the indicated sets of candidate cells for LTM.
Proposal 11: The NW can dynamically active/select a sub-set of configured candidate cells to be measured for the subsequent LTM, e.g. via L1/L2 signalling.
3. Conclusion and proposals
In this contribution, we discussed LTM candidate cell configuration and maintenance with the following observations and proposals:
Observation 1: The main difference between model 1 and model 2 is whether to exclude some parameters from the RRCReconfiguration or to add some parameters on the basis of CellGroupConfig.
Proposal 1: Model 2 (i.e. CellGroupConfig IE) is taken as the baseline for the LTM candidate cell configuration. Other optional IEs could be added on the basis of CellGroupConfig IE.
Observation 2: For optional configuration parts, candidate cells may share the common configuration, e.g. the similar RRM measurement configuration for candidate cells in the same frequency.
Proposal 2: RAN2 to discuss options on how to include optional configuration parts in the LTM candidate cell configuration:
· Option 1: Each LTM candidate cell configuration includes candidate a configuration index, CellGroupConfig IE and all possible/optional configured IEs, e.g. RadioBearerConfig, MeasConfig.
· Option 2: Introduce separate LTM candidate part lists for each optional IEs, e.g. a candidate RadioBearerConfig ToAddMod/ToRelease list, a candidate MeasConfig ToAddMod/ToRelease list. For each LTM candidate cell configuration, the required reconfiguration part(s) can be to refer to from separate candidate list(s). 
Observation 3: LTM is supported for the PSCell change without MN involvement case, i.e. intra-SN.
Proposal 3: A common LTM candidate cell configuration list can be used for configuring LTM PCell candidates and LTM PSCell candidates, i.e. no need to introduce a separate LTM candidate PSCell/SCG configuration list. 
Proposal 4: A separate reference configuration is explicitly configured by the NW.
Proposal 5: The separate reference configuration could be a full configuration, and include some common configuration parts across serving cells and candidate cells, e.g. a common L1 measurement resources pool, a common TCI-state pool.
Proposal 6: The reference configuration can only be modified or released by the NW.
Proposal 7: Upon reception of the cell switch command, the UE shall firstly revert back to the reference configuration and then apply the target candidate cell configuration based on the reference configuration, in order to perform the cell switch to the target cell. 
Proposal 8: After completion of one LTM execution, LTM candidate cell configurations are maintained by default. 
Proposal 9: The NW explicitly configures the source cell as a LTM candidate cell in the LTM candidate cell configuration list, if the NW wants to use the source cell for the subsequent LTM.
Proposal 10: RAN2 to discuss whether to maintain the LTM candidate cell configurations upon entering to RRC_IDLE/RRC_INACTIVE state, or triggering the L3 handover. 
Observation 4: Considering that the L1 measurement and report is triggered much more frequently than L3 measurement, performing the L1 measurements on all configured candidate cells all the time may cause the considerable power consumption.
Proposal 11: The NW can dynamically active/select a sub-set of configured candidate cells to be measured for the subsequent LTM, e.g. via L1/L2 signalling.
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