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1 Introduction
In RAN2# 119bis-e meeting, multiple candidate cells’ configurations and subsequent cell switches are supported. Here are some of the related agreements achieved in the meeting [1]:
· 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

· 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

In RAN2# 120 meeting, we further discussed the delta configuration issue and made some agreements [2]:
· 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.

· A UE stores the reference configuration as a separate configuration.

· The reference configuration is managed separately 

In this contribution, we discuss the details of the UE maintaining the L1/L2 previous configurations and updated by dynamic subsequent/delta mobility candidate configurations for candidate(s)’ addition, removal and existing candidate configuration update. Preparation and execution of subsequent/delta configurations are conducted in parallel with the L1/L2 mobility cell switches. 
2 Discussion
In RAN2#119bis-e and RAN2#120 meetings, several important agreements on L1/L2 sequential cell switches have been reached (see above highlighted agreements). Figure 1 illustrates an example of intra-CU inter-DU dynamic L1/L2 mobility candidate configuration. 
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Figure 1: A use case example of L1/L2 mobility delta configuration

As shown in Figure 1, the major steps regarding dynamic candidate configurations are:

3. Multiple mobility candidate cells are allowed by initial RRC pre-configuration. 

5. The lower layer cell switch command is issued by the source DU/cell. The lower layer cell switch does not reset the previously configured remaining candidates. With legacy mobility mechanism after a cell switch, the radio channel conditions with the other pre-configured candidates can be changed. Some of the candidates may be still valid but some other candidates may be out-of-date. Some valid candidates may need the delta re-configuration. 

8-9 In Figure 1, steps 8 -11 are related to the dynamic mobility candidate subsequent preparation. After the UE   switched to the target cell, the target cell notifies the CU. The CU further based on the measurement report determine which candidate(s) should be maintained, which candidate(s) should be removed and which candidate(s) should be added. The CU notifies all the impacted DUs/cells. For the previously configured candidates which are remaining valid, they may or may not request a delta configuration to modify the current configuration. If a remaining candidate need modifying the configuration, it sends the delta configuration to the CU. 

10. The CU includes the configurations for all the DU/cells in a F1 message and sends the message to the new serving source Du/cell.

11. The serving source cell sends the subsequent/delta configuration to the UE.

With multiple candidate cells have been pre-configured, in a serving source cell, upon receiving a cell switch command, the UE only applies the configuration of the selected target cell indicated from the cell switch command.  After a successful cell switch, the target cell becomes the new serving source cell for the UE and the UE maintains the configuration(s) of the remaining candidate(s) and continues the L1/L2 mobility operation base on the configuration(s) of the remaining candidate cell(s). The subsequent cell switch(es) will be based on the configuration maintained at the UE if no RRC reconfiguration message received in current serving source cell. The UE should continue to perform the L1 measurement based on currently UE maintained measurement configuration. The L1 measurement report should be now reported to the new serving source cell by the UE. The triggering of a subsequent cell switch is based on the L1 measurement report to current serving source cell.
Observation 1: In a serving source cell, upon receiving a cell switch command, the UE applies only the maintained configuration of the target cell to perform cell switch.

Observation 2: After a cell switch, the UE maintains the configuration(s) for remaining candidate cell(s) including the measurement configurations, that the UE is based on to continue L1 measurement and reports to the new serving source cell.
Proposal 1: At a cell switch the UE only applies the target cell configuration and maintains the remaining candidate configurations at the subsequent serving source cell to continue L1/L2 mobility operations before receiving a new RRC configuration message.
Subsequent/delta configurations should be allowed for the network to instruct the UE to release out-of-date previously configured candidates, add configurations of the new candidates, and re-configure the existing candidates. The subsequent/delta configuration is conducted in parallel to the L1/L2 activities. After the initial configuration is performed, the subsequent/delta configuration(s) can be conducted at any subsequent serving cell before a cell switch is triggered at the serving cell. The network/CU will decide when to perform the full configuration or partial subsequent/delta configuration. It is expected that after one or several sequential cell switches, a subsequent/delta configuration could occur.
As is agreed in RAN2 #121 meeting, a reference configuration is maintained separately. Subsequent/delta configurations should be on top of the reference configuration. Only the candidate DU/Cell(s) knows the candidate configuration(s) currently maintained by the UE. After a cell switch is completed, the newly connected serving DU/cell should notify the CU and performs report to CU as usual. Based on updated mobility situation the CU decides next subsequent/delta RRC configuration for the candidates -- removing the out-of-date ones, adding the new ones and updating the remaining ones. The CU needs to notify the existing candidates to be released and to be maintained, and the candidate cell to be added.  The remaining old candidate DU/cell(s) may acknowledge to CU with delta configuration on top of the stored reference configuration. 
Observation 3: Subsequent/delta configuration is required for candidate updates – removing the invalid ones, adding the new ones, and updating the remaining ones.

Observation 4: It is the CU making the decision to release or maintain the existing candidate cells, or add new candidate cells.

Observation 5: CU notifies its decision to all the involved candidate DU/cells.

Observation 6: It is the remaining old candidate DU/cell to determine whether to have delta configuration and send the delta configuration to the CU. 

Observation 7: The CU sends configurations of all the candidate DU/cells to the source DU/cell for it to conduct the UE configuration update.

Figure 1 also indicates that the dynamic subsequent/delta configuration has impact to F1 interface and RAN3 mobility procedure. RAN3 support is required. Based on the above analysis on dynamic L1/L2 mobility candidate configuration, we have the following proposals:
Proposal 2: Full initial pre-configuration and subsequent/delta mobility configurations can be performed at any subsequent serving cell before triggering a cell switch and maintaining valid for subsequent L1/L2 mobility activities.
Proposal 3: RAN2 assumes that the CU makes the decision to release or maintain the existing candidate cells, or add new candidate cells, and notifies all the involved DUs.

Proposal 4: RAN2 assumes that the remaining candidate DU/cell determines whether to have delta configuration and send the delta configuration to the CU. Then the CU sends the delta configuration to the source DU/cell. 

Proposal 5:  Send an LS to RAN3 to inform them RAN2 agreements on dynamic mobility subsequent/delta configurations, and request RAN3 supporting the function. 

In high frequency, fast mobility and irregular cell coverage scenarios with various UE trajectory situations, a UE could switch from one cell to another cell very quickly. In pre-configured sequential mobility, on the trajectory of the UE there could be certain cell(s) whose time of stay (ToS) could be too short to wait for L1 report then the source cell makes the cell switch decision. In those scenarios, it seems the conditional cell switch (i.e., CHO) is better. Therefore, it is beneficial to allow to configure the combined source cell ordered LTM and CHO at selected candidate cells for sequential cell switch in LTM. 

Proposal 6: Considers to support the combined source cell ordered LTM and conditional cell switch(es) at selected candidate cells for subsequent cell switches. Source cell triggered and conditional triggered cell switches can be configured for different candidate cells at pre-configuration.
Allowing sequential HOs in one configuration increases the number of candidate cells/beams which can be much larger than conventional HO. Search/measure all the candidate beams right after pre-configuration increases measurement delay and UE power consumption. On the other hand, when the candidate beams of consecutive HOs are preconfigured, not all of them should be continuously searched and measured by the UE at beginning after pre-configuration. The RRC configures the candidate beams in groups from candidate cells. The candidate beam groups can be configured in the order of the candidate cells for the predicted sequential HOs. The UE only starts to search/ measure the candidate beams of the candidate cell(s) of the next immediate HO following the order of the sequential HOs, triggered by the completion of previous HO.
Proposal 7: In sequential LTM pre-configuration, indicate the order of the candidate beam groups for sequential search/measurement for initial and subsequent cell switches.
3 Conclusions
Based on the above discussion, we have the following observations and proposals:
Observation 1: In a serving source cell, upon receiving a cell switch command, the UE applies only the maintained configuration of the target cell to perform cell switch.

Observation 2: After a cell switch, the UE maintains the configuration(s) for remaining candidate cell(s) including the measurement configurations, that the UE is based on to continue L1 measurement and reports to the new serving source cell.

Observation 3: Subsequent/delta configuration is required for candidate updates – removing the invalid ones, adding the new ones, and updating the remaining ones.

Observation 4: It is the CU making the decision to release or maintain the existing candidate cells, or add new candidate cells.

Observation 5: CU notifies its decision to all the involved candidate DU/cells.

Observation 6: It is the remaining old candidate DU/cell to determine whether to have delta configuration and send the delta configuration to the CU. 

Observation 7: The CU sends configurations of all the candidate DU/cells to the source DU/cell for it to conduct the UE configuration update.

Proposal 1: At a cell switch the UE only applies the target cell configuration and maintains the remaining candidate configurations at the subsequent serving source cell to continue L1/L2 mobility operations before receiving a new RRC configuration message.
Proposal 2: Full initial pre-configuration and subsequent/delta mobility configurations can be performed at any subsequent serving cell before triggering a cell switch and maintaining valid for subsequent L1/L2 mobility activities.

Proposal 3: RAN2 assumes that the CU makes the decision to release or maintain the existing candidate cells, or add new candidate cells, and notifies all the involved DUs.

Proposal 4: RAN2 assumes that the remaining candidate DU/cell determines whether to have delta configuration and send the delta configuration to the CU. Then the CU sends the delta configuration to the source DU/cell. 

Proposal 5:  Send an LS to RAN3 to inform them RAN2 agreements on dynamic mobility subsequent/delta configurations, and request RAN3 supporting the function. 

Proposal 6: Considers to support the combined source cell ordered LTM and conditional cell switch(es) at selected candidate cells for subsequent cell switches. Source cell triggered and conditional triggered cell switches can be configured for different candidate cells at pre-configuration.
Proposal 7: In sequential LTM pre-configuration, indicate the order of the candidate beam groups for sequential search/measurement for initial and subsequent cell switches.
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