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1. Introduction
The WI on further NR mobility enhancements [1] includes the following objectives for L1/2 based inter-cell mobility: 

	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
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: 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
· 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 the previous meetings, the following agreements were made. 

	RAN2#119bis-e
· A L1/L2 inter-cell mobility candidate (target) configuration is received within an RRC message before the L1/L2 dynamic switch is triggered.
· RAN2 continues the discussion on the RRC models by focusing on Model 1 and Model 2 and stage-3 details.
· 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
Chair: FFS if there are strong reasons to go back to discuss other models. If so, we can consider modifications to the decision above, e.g. if R1 preferences gives strong reasons.

· RAN2 assumes that sequential L1L2 cell change between Candidates without RRC reconfiguration can be supported. 
· RAN2 assumes that candidate cell configuration can only be modified / released by Network (FFS later whether some optimization should be applied e.g. for release). 
· For L1L2 mobility will support that candidate configurations are delta configurations on top of a reference configuration. FFS if the reference configuration is a separate reference configuration or e.g. the current configuration. 
· For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates.

· FFS how the UE determine the BWPs (for DL and UL) to be used upon the execution of L1/L2 inter-cell mobility

RAN2#120
· RAN2 to confirm that the CellGroupConfig IE is (mandatory) needed within an LTM candidate cell configuration.
· The RadioBearerConfig IE can be optionally supported in an LTM candidate configuration
· The MeasConfig IE can be optionally supported in an LTM candidate configuration.
· The OtherConfig IE is not required to be part of the LTM candidate cell configuration.
· The LTM candidate cell configuration should be designed as a To AddMod/ToRelease structure.
· 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

RAN2#121
LTM: RRC
· Agreed: Usage of reference configuration: 
· Candidate delta configuration is applied on top of the reference configuration to form a complete candidate configuration (FFS if done at cell switch or before the cell switch)
· The complete candidate configuration is applied and replacing the current UE configuration (at the time of reconfiguration execution/cell switch), by a RRC reconfiguration procedure that makes replacements of configuration but doesn’t necessarily reset RLC or PDCP. 
· To support reconfigurations that requires reset of RLC PDCP, this should be possible (in principle same a full config) 
· FFS if more than RLC PDCP should be kept and how much of “replacing” need to be specified.
· FFS if the reference configuration can be derived from the current UE configuration at some point of time. 

· Potentially: R2 assumes that LTM without a separate reference configuration (if agreed) could work something like this: 
· Alt A: The candidate configuration (which need to be complete) is applied and replacing the current UE configuration (at the time of reconfiguration execution/cell switch), by a RRC reconfiguration procedure that makes replacements of configuration but doesn’t necessarily reset RLC or PDCP. (Same procedure as above)
· Alt B: The candidate configuration (which can be a delta config) is applied to the current UE configuration (at the time of reconfiguration execution/cell switch), by legacy RRC reconfiguration procedure (it is assumed that the network need to coordinate if subsequent reconfigurations shall work, FFS feasibility). 
· agree to use Model 1: One RRCReconfiguration message for each candidate target configuration RRCReconfiguration to configure target candidate cells
· Reference config can be empty
· In the RRC procedures, the candidate delta configuration is applied on top of the reference configuration to form a complete candidate configuration when the UE receives the LTM configuration (before the LTM cell switch). UE implementation can postpone that step to the reception of the LTM cell switch command. FFS Discuss early vs late compliance check. 
· In the RRC procedures, the complete candidate configuration is applied and replacing the current UE configuration (at the time of reconfiguration execution/cell switch), by a RRC reconfiguration procedure that makes replacements of configuration but doesn’t necessarily reset MAC, RLC or PDCP. FFS whether we can rely on a modified version of the reconfiguration procedure with fullconfig flag set. FFS how to make sure the procedures work in case the LTM candidate configuration is a complete configuration.

LTM: Cell Switch
· No consensus to support HARQ continuation (and in order to resume discussion some new input may be needed, e.g. quantitative evidence of a serious problem).
· To determine if to reset L2 or not is based on RRC configuration (e.g. set of cells. FFS if separate for RLC, MAC, PDCP). 






2. Discussion
 
Reference and Delta configuration handling
It has been agreed in a previous meeting that the reference configuration is stored and maintained separately. However, it was not agreed how the reference configuration is configured. The options could be separately configured, based on the cell in which the configuration was received, or based on one of the candidate configurations. 

Proposal 1: Discuss which of the options for configuration of the reference configuration are supported.
A. Based on the current configuration
B. Based on a separate explicit configuration
C. Based on one of the candidate configurations (E.g. one candidate configuration is a full configurations, and others are delta based on this) 

It was also agreed that the reference configuration can be empty. In our understanding, it is very likely that all of the candidate cell configurations use a similar configuration as the original cell configuring LTM and therefore in practise this is the most likely usage of the feature. In in this case there is no need to apply any special handling (e.g. UE constructs a full configuration based on a reference + delta and the UE can just apply the delta configuration just the same way that would be the case for an RRC Reconfiguration in Rel-17. 

Proposal 2: If there is no reference configuration provided, the UE just applies the candidate delta configuration on top of the source (current) configuration upon LTM cell switch.

Furthermore, the NW can ensure correct configuration of candidates such that for subsequent cell changes the UE just applies the delta configuration on top of the source – i.e. each candidate configuration should provide the same set of delta parameters so that it always works on top of a source cell configuration. 

Proposal 3: If there is no reference configuration provided, the NW ensures correct configuration of candidate cell delta configurations such that the same set of parameters is provided for each, and no special handling is needed at the UE for this case.

We assume that the use-case for using reference configuration is fairly limited, since it is likely that candidate configurations are similar (besides the delta part) to each other and to the original cell and regaulr delta configuration can be applied to the source for most of the time. 

However, there are some potential cases where the configuration needs to be reset before applying the delta configuration, for example:

· When using ToAddModList and ToReleaseList all of the items in the list may need to be released by using a reference configuration before applying a delta configuration to add others, which may not conveniently work using subsequent delta configurations.

· The network may significantly change certain parameters for the case of LTM configured compared to LTM not configured (E.g. L3 measurements, RLF, etc.). However, this might only be the case if the original cell is not itself a candidate for LTM.

· Even in case the original cell configuration is not similar to the candidates, once the UE performs the first cell switch, then the new current cell will be configured as the reference configuration + the delta specific to that candidate configuration. Therefore, subsequent cell switches might essentially be identical to the case of no reference configuration. If this is the main use-case then it could be beneficial to specify that the UE applies the reference configuration only for the first LTM cell switch, then the reference configuration can be deleted (And subsequent cell switches use delta on top of source).

· Another possible use-case is that some specific candidate cells are significantly different to others, for example if some of the candidates are inter-DU candidates. In this case it may be beneficial to apply the delta configuration to the source (e.g. for the intra-DU candidates) unless explicitly indicated (e.g. when switching to an inter-DU). For the few cases that the reference configuration is useful, then the NW indicates either in the MAC CE triggering cell switch or in the candidate configuration.

Proposal 4: RAN2 to discuss for which cases the reference configuration is applied, if provided. 
a) Initial LTM cell switch
b) Subsequent LTM cell swich if indicated as part of the candidate configuration
c) If indicated in the cell switch MAC CE
d) Always

MAC Reset handling

It was agreed in the previous meeting that the UE determines whether to perform full or partial MAC reset based on the RRC configuration. One option which was proposed was to construct “sets” of candidate configurations, such that a switch between source and target cells belonging to the same set meant that the UE does not perform a full MAC reset. However, one disadvantage with signalling an explicit list of sets is that this needs to be updated every time a candidate cell is added, removed, or replaced. A more convenient approach would just be to include a set ID (e.g. MAC Reset ID) in each candidate configuration. When the UE performs a cell switch, then it performs full MAC reset if the IDs are different, and partial MAC reset if the IDs are the same.

Proposal 5: Include a “MAC ID” (name FFS) in each candidate configuration. If source and target configurations have a different ID then full MAC reset is performed, and if source and target configurations have the same ID then partial MAC reset is performed. 

It is FFS whether to use a similar approach for RLC, PDCP. For supporting inter-CU LTM this may be needed, however since this is not in the scope of R18 then we would propose to postpone this to a later release. The existing flags can be set in the candidate configuration if needed.

Proposal 6: Determining RLC, PDCP reset based on source and target is not supported in R18 for LTM (existing explicit indication in the candidate configuration can be used, if needed).

Maintenance of the candidate cells
In addition to the initial configuration of candidate cells, we need to support RRC reconfigurations. For example, the network may at any time use a (legacy) RRC reconfiguration of the current cell. It may also be necessary to update the reference configuration or a particular cell (the candidate configuration corresponding to the current SpCell or any candidate cell) may need to be reconfigured. It should also be possible to modify any part of the configuration without reconfiguring everything and setting up the entire candidate list again. Therefore, some consideration is needed for the signalling and procedure design for how to perform an RRC reconfiguration for various cases.

Proposal 7: RAN2 to discuss the following aspects of RRC reconfiguration after one or multiple subsequent cell switches, and how these interact:
· Reconfiguration of the current (serving cell) configuration.
· Reconfiguration of stored candidate (delta) configuration.
· Reconfiguration of the stored reference configuration. 


When a UE is configured with a list of candidate cells, that list should be maintained/updated as the UE moves.  Specifically, a UE may trigger L1/L2 cell switch and change its current serving cell, and in doing so, the list of valid candidate cells that can be targets of L1/L2 mobility in the new serving cell will likely also be different. For example, in case candidate cells have been configured across an area larger than just one current SpCell, then each of the potential SpCells can have different neighbours, and hence different candidate LTM cells would be “valid”. At a minimum, the source cell of the L1/L2 mobility should become a potential candidate cell in the target, at least for a period of time.  Since the purpose of L1/L2 mobility is to avoid RRC reconfiguration, the update of the valid candidate cells that should occur with any L1/L2 mobility should happen without a reconfiguration procedure at L3.
  
Proposal 8: A UE can update the list of candidate cells upon successful L1/L2 cell switch without the need for RRC reconfiguration.  

One way to achieve the update would be to associate a list of valid candidate cells with each current serving cell.  At each L1/L2 cell switch, the UE may apply the list of valid candidate cells associated with that serving cell.  Depending on the design of this approach, the signalling may become quite heavy.  Specifically, it requires indicating the list of valid candidate cells for each serving cell which could be a target of an L1/L2 mobility.  Another approach may be to provide a larger than needed list of cell configurations to the UE and have the UE determine its list of valid list of candidates at any time, based on, for example, L3 measurements of each of the cells.  In this way, the network may for example configure a list of cells which is agnostic to the UE’s capabilities, and each UE may perform measurements for L1/L2 mobility only on a subset of those.  While this approach may save on downlink signalling, it requires the UE to indicate updates of the valid cells using uplink signalling.  How feasible such an approach may be would require further discussion, as the uplink signalling could be incorporated into the measurement reports (either at RRC or MAC).  However, there are at least some specific cases (e.g., beam failure on a candidate cell) where the UE should inform the network that a cell in the candidate cell list is not valid.

Proposal 9: A candidate cell configuration may be evaluated at the UE (and indicated to the network) as a valid/invalid target for L1/L2 cell switch.  FFS the criteria used to determine validity (e.g., beam failure, RLM, RSRP). FFS the reporting mechanism (RRC or MAC CE) 

RRC_INACTIVE

Currently, when the UE receives RRCRelease to move to RRC_INACTIVE, stored candidate cell configurations are released (e.g. conditional reconfiguration targets). However, since LTM is designed to achieve multiple subsequent cell switches without the need for RRC Reconfiguration it is possible (likely) that LTM candidate configurations are still valid after resuming the connection, even if the UE has performed some cell reselection in the meantime (within a limited area). Since LTM is also designed to minimise RRC reconfiguration needed after cell switch, it would be beneficial if candidate configurations can be stored when the connection is suspended, so that they are available without the need for RRC Reconfiguration again after resume to (re) setup LTM candidates – at least if the UE stays in the same cell, or within a relatively small area (E.g. within the coverage of configured LTM candidates). 

Proposal 10: LTM candidates are stored when entering RRC_INACTIVE so that LTM candidates can be available during and/or after RRC Resume.

If LTM candidates are stored when entering RRC_INACTIVE then LTM can immediately be used after resuming the RRC Connection (E.g. after Msg5). It is possible to further improve the RRC Resume procedure itself if the stored candidate configuration for the current cell (i.e. the PCell) could be enabled by indicating the configuration ID in RRC Resume, or in other words to trigger LTM towards the current cell in Msg4, by referencing the stored SpCell configuration of the current cell. 
Proposal 11: Discuss whether LTM can be used to indicate the stored configuration for PCell (current cell) during RRC Resume. 
If early measurements are reported then LTM could also be used to quickly setup SCG/SCells based on stored candidate configurations. In addition, it is still to be discussed exactly how the R18 early measurements for FR2 are reported and what to do with the reported measurements (e.g. how to report the measurement, what the content of the report is, and what to send from the NW in response). If these measurements can be reported during RRC resume then it might be possible to not only use LTM for setting up (resuming) the PCell but it could also be used for fast SCG/SCell setup based on measurements of potential SCells.

Proposal 12: Discuss whether LTM can be used to indicate stored configurations for SCG/SCells during RRC Resume (e.g. if early measurements are reported).

3. Conclusion
In this paper we provide the following proposals to consider in the design of L1/2 triggered handover in Release-18.

Reference configuration and delta handling:

Proposal 1: Discuss which of the options for configuration of the reference configuration are supported.
A. Based on the current configuration
B. Based on a separate explicit configuration
C. Based on one of the candidate configurations (E.g. one candidate configuration is a full configurations, and others are delta based on this) 

Proposal 2: If there is no reference configuration provided, the UE just applies the candidate delta configuration on top of the source (current) configuration upon LTM cell switch.

Proposal 3: If there is no reference configuration provided, the NW ensures correct configuration of candidate cell delta configurations such that the same set of parameters is provided for each, and no special handling is needed at the UE for this case.

Proposal 4: RAN2 to discuss for which cases the reference configuration is applied, if provided. 
e) Initial LTM cell switch
f) Subsequent LTM cell swich if indicated as part of the candidate configuration.
g) If indicated in the cell switch MAC CE
h) Always

MAC Reset handling:

Proposal 5: Include a “MAC ID” (name FFS) in each candidate configuration. If source and target configurations have a different ID then full MAC reset is performed, and if source and target configurations have the same ID then partial MAC reset is performed. 

Proposal 6: Determining RLC, PDCP reset based on source and target is not supported in R18 for LTM (existing explicit indication in the candidate configuration can be used, if needed).

Candidate configuration maintenance:

Proposal 7: RAN2 to discuss the following aspects of RRC reconfiguration after one or multiple subsequent cell switches, and how these interact:
· Reconfiguration of the current (serving cell) configuration.
· Reconfiguration of stored candidate (delta) configuration.
· Reconfiguration of the stored reference configuration. 

Proposal 8: A UE can update the list of candidate cells upon successful L1/L2 cell switch without the need for RRC reconfiguration.  

Proposal 9: A candidate cell configuration may be evaluated at the UE (and indicated to the network) as a valid/invalid target for L1/L2 cell switch.  FFS the criteria used to determine validity (e.g., beam failure, RLM, RSRP). FFS the reporting mechanism (RRC or MAC CE) 

RRC_INACTIVE:

Proposal 10: LTM candidates are stored when entering RRC_INACTIVE so that LTM candidates can be available during and/or after RRC Resume.
Proposal 11: Discuss whether LTM can be used to indicate the stored configuration for PCell (current cell) during RRC Resume. 
Proposal 12: Discuss whether LTM can be used to indicate stored configurations for SCG/SCells during RRC Resume (e.g. if early measurements are reported).
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