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1	Introduction
The scenarios and assumptions for Lower Layer Mobility (LLM) (also marked as L1/L2 based inter-cell Mobility in the feMob WID) have been discussed in RAN2 #119 and the following agreements have been made with respect to LLM configuration and signaling [1]:
· Confirm to support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).   
· The design for intra-DU and inter-DU L1/L2-based mobility should share as much commonality as reasonable. FFS which aspects need to be different. 
· R2 assumes that L2 is continued whenever possible (e.g. intra-DU), without Reset, with the target to avoid data loss, and the additional delay of data recovery. 
· ICBM is one scenario considered for L1L2 mobility, but is not the only one, and is not a prerequisite for using L1L2 mobility. 
· RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration. 
· Measurement delay can/may be considered in this work 
· Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS) 
· R2 will initially focus on PCell mobility.  










2	Discussion
2.1 	LLM Preparation
In LLM, the CU triggers the preparation of a set of target cells based on e.g., received L3 measurement report. For this, the CU fetches from the DU (serving the target cell to be prepared) all the necessary lower layer configurations and using this information, the CU generates a target cell configuration to be applied for LLM.
Proposal 1: CU triggers the preparation of a target cell for LLM: CU fetches from the DU (controlling the target cell to be prepared) all the necessary lower layer configurations and the CU generates, using the received information, a target cell configuration to be applied for LLM.
In detail, the execution of target cell configuration can be triggered by the serving DU based on received L1 measurement report. That is the UE shall be configured to report L1 beam measurements for serving and prepared target cells when it receives the LLM target configurations. 
Similar to CHO, the CU should be able to prepare up to 8 cells for LLM.
Proposal 2: Similar to CHO, the CU can prepare up to 8 cells for LLM.
2.1.1	Measurement Configuration
Compared to measurements for higher layer mobility, measurements for lower layer mobility should enable faster reporting of target cells and also more granular so that switching to specific beams directly is possible in this case. L1 measurements already used for beam switching can be also extended for lower layer mobility. L1 measurements are based on CSI measurement configuration in current specification. 
The CSI measurement configuration consists of 1) CSI resource set defining the set of resources to be measured by the UE and 2) CSI reporting configuration defining the way the UE shall report the L1 beam measurements to the serving DU. 
For LLM, the CU should provide a CSI measurement configuration that consists of CSI resources belonging to the prepared target cells and the associated reporting configuration. 
Proposal 3: CU provides the UE with the CSI measurement configuration for reporting the L1 beam measurements for prepared target cells along with serving cell.
There are three options for configuring the CSI resource set for LLM:
· Option 1: The CSI measurement configuration indicates explicitly the RS indices that shall be measured by the UE for serving and target cells.
· In this option, the CU needs to fetch from the DU the CSI resources that shall be measured for the prepared target cell.
· The CU communicates the CSI resources of prepared target cell to the serving DU which can then generate a CSI measurement reporting configuration for LLM.
· Option 2: The CSI measurement configuration does not indicate explicitly the RS indices that shall be measured, but rather it is left for UE to measure and report e.g., strongest RS indices for the serving and target cells.
· Option 3: CSI measurement resources in all the target cells are configured towards UE as larger set for lower layer mobility. Only a subset of these resources is activated for measurements at given time for measurement reporting. This subset can be called an active set. DU/CU can modify the active set for L1 measurement reporting based on the latest L3 measurement events reported from UE.
Option 1 follows the CSI framework for beam management and ICBM where the network indicates up to e.g., 64 RS indices to be measured. Given that the UE can be prepared with more than one prepared target cell, it may happen that the configured list of CSI resources needs to be updated, e.g., remove/or add RS indices, due to UE mobility. Continuous update of the CSI resource set by means of RRC Reconfiguration is costly in terms of signaling overhead and delay. On the other hand, in Option 2 the UE can determine which e.g., 64 RS indices of the serving and prepared target cell it shall consider for measurement and reporting at each time. Herein, the network no longer needs to take care of updating the CSI resource set as the UE can identify the relevant RS indices that shall be measured and reported.  Option 3 is similar to Option 1 in terms of benefits for a faster L1 measurement report with additional control on the measurement resources based on L3 measurement results.
Each option has some pros and cons and RAN2 needs to decide on one of them as way forward for CSI resource set configuration.
Proposal 4: RAN2 to decide on whether the CSI measurement configuration needs to explicitly define the RS indices that shall be measured for the serving and prepared target cells in LLM.
In LLM, the serving DU receives the L1 beam measurements for serving and neighbouring cells and as such the serving DU shall decide on the CSI reporting configuration. Consequently, it is reasonable to assume that the serving DU decides then on the entire CSI measurement configuration for LLM which is provided to the UE via CU.
Proposal 5: Serving DU decides on the CSI measurement configuration for LLM which is provided to the UE via the CU.
To make a proper serving cell change decision, the radio link of the serving cell shall be compared against the radio link of other prepared target cells using the same reference signal (RS) type: SSB or CSI-RS. If both RS types are to be supported, the CSI measurement configuration shall ensure that the UE measures and reports measurements for the same RS type for both serving cell and prepared target cells.
Proposal 6: The CSI measurement configuration for LLM shall ensure that the UE measures and reports measurements for same reference signal type (SSB or CSI-RS) for both serving and prepared target cells.

2.1.2		Reconfiguration Sync between UE and Serving DU 
In LLM, the serving CU may reconfigure the UE with target cell configurations along with the CSI measurement configuration for reporting the L1 beam measurements of serving and target cells. This reconfiguration can be performed with “RRC Reconfiguration with sync”, i.e., UE uses RACH procedure to synchronize to the serving cell after applying the RRC configuration. This ensures that the serving DU and CU knows exactly when UE has started using the new RRC configuration and stopped using the old RRC configuration. However, this procedure has a price: UE has to re-establish PDCP, reset RLC/MAC and perform Random Access procedure, all of which adds delay to the procedure.
Observation 1: “RRC Reconfiguration with sync” enables the serving DU (and CU) to know exactly when UE has started to utilize the L1 configuration, but incurs a delay and additional UE procedures.
Since one goal of the LLM is to reduce user interruption and HO delays, RAN2 should consider mechanisms where the serving DU and CU are aware when UE has started using the new RRC configuration without relying on the current “RRC Reconfiguration with sync” approach.
Proposal 7: RAN2 to consider mechanisms for LLM where the serving DU (and CU) are aware when UE has started using the new RRC configuration without relying on the current “RRC Reconfiguration with sync” approach.
2.2 	LLM Execution
In CHO, the conditional handover is triggered by the UE based on a condition that is evaluated by the UE. This improves mobility robustness as it avoids the signaling between the UE and serving cell when the CHO condition is met. However, this comes at the expense of increased complexity in handling user data forwarding and scheduling as the serving cell is not aware of the time instant the handover is executed. 
In LLM, the UE reports L1 beam measurements to the serving DU and as such the serving DU can decide when to trigger the handover. This approach may be less robust than CHO given that the UE still needs to receive a lower layer command to apply the target cell configuration, but it comes with the benefit that it simplifies many other procedures such as data forwarding, scheduling and other aspects related to RACH-less execution. Consequently, we propose as baseline that the serving DU triggers the execution of the prepared target cell configuration based on lower layer signaling. Advanced mechanism such as autonomous UE execution (based on a condition) can be discussed later once the signaling for LLM is clarified further.
Proposal 8: The serving DU decides to trigger LLM by sending lower layer command to the UE. 
Upon triggering the cell change, the serving DU informs CU such that the CU can stop sending any RRC Reconfiguration over the serving cell radio link and initiate data forwarding to the target cell, if needed.
Proposal 9: The serving DU informs CU when the cell change is triggered by lower layers.
2.2.1	Measurement Reporting
In Rel-17, the L1-RSRP reporting was agreed to be used for inter-cell beam management and inter-cell multi-TRP operation. The Rel-15 L1-RSRP reporting format was reused and the reported SSBRI (SSB resource indicators) were associated with a PCI in the CSI-SSB measurement configuration. The number of reported beams in a single reporting instance was not increased and is configurable by network, up to 4 reported RS in cell having different PCI than serving cell 
Observation 2: In intra-cell BM and ICBM the maximum number of reported RS resource indicators in a single reporting instance in ICBM is 4.
RAN1 had a lengthy discussion whether the max number of reported RS in a single reporting instance, should be increased due to the increase of number of PCIs associated with the measured RS but settled on 4 (candidate values being discussed was up to 16). In practise, the increase of maximum number of reported RS may not provide additional benefit since the network typically decides on cell switch/handover based on the highest reported RSs of a cell.
Proposal 10: As a starting point, the maximum number of reported RS in a single reporting instance is 4.
For ICBM, the agreement in R17 was not to associate the NZP-CSI-RS explicitly with a PCI value but use the QCL chain. Thus, associating an SSB with a PCI value (with different PCI than the serving cell) also associates the target signal (e.g. CSI-RS) or channel (e.g. PDCCH/PDSCH) indirectly with the same PCI when the SSB is used as a QCL source. Thus, it is not required that the signal is directly associated with a PCI for supporting the NZP-CSI-RS measurement and reporting.    
Observation 3: In Re-17 ICBM reporting of NZP-CSI-RS can be supported without direct association of the NZP-CSI-RS reference signal with a PCI, the association is indirect through the association of the QCL source SSB. 
Proposal 11: For LLM, reuse the same principle of QCL chain for associating signals with specific PCI for L1 measurements and reporting 
In our view, all the time types (aperiodic, semi-persistent, periodic) of CSI measurement/reporting should be supported for LLM, since it uses lower layer mechanism to determine whether to switch the UE to new target cell. It would be up to network implementation to determine which type to configure.
Proposal 12: Support all the CSI reporting time types for LLM: aperiodic, semi-persistent, periodic.
The number of different PCIs that can be configured to be reported in a single L1 reporting instance is not currently limited by the reporting configuration (nor it was limited by Rel-17 RAN1 agreements). Thus, the beam management framework could support configuration of up to 8 PCIs (1 serving + 7 additional PCIs). 
The L1-RSRP report format includes only the resource indicator value and the reported measurement quantity value (e.g. RSRP). The resource indicator is associated to the PCI and specific resource index (e.g. SSB) in the resource configuration. This has some limitation since UE cannot report any DL RS without it being explicitly configured.
If UE can be configured to report DL RS that is not explicitly configured, the L1 reporting format would potentially need to be updated to include PCI that associates the reported RS to specific cell.
Observation 4: If the L1-RSRP reporting format is used for LLM, the PCI association needs to be given in the resource configuration (directly or indirectly).
The current L1 reporting framework may also have additional limitations regarding the number of configured reference signals, i.e., currently based on UE capability the maximum number of reference signals that can be configured for UE to measure is up to 64. If it is considered that 8 PCI (each having potentially up to 64 SSBs), further mechanisms may be needed to configure/update the UE with specific set of reported SSBs
Alternatively, if the UE can be configured to use L1 reporting of DL RS that are not explicitly configured, new L1 reporting format would be needed. In any case, the UE capability limitation would still potentially apply, if the reporting is assumed be in beam management framework
Observation 5: If the UE can be configured to report DL RS that are not explicitly configured, the L1 reporting format would need to include PCI(s) to associate the reported RS(s)
Proposal 13:  Consider mechanisms to activate subset of configured reference signals to be active for L1 reporting of LLM cells.
Typically, the beam management/beam level mobility (PDCCH) is based on the periodic reporting of L1-RSRP. For intra-cell beam management (and for ICBM) the periodical reporting (and thus periodical measurements) is “always” on. However, considering the L3 based mobility, the periodical reporting is not typically used, and it is based on RRC configured events. One option would be potentially to use semi-persistent reporting that would activated/deactivated by network using a MAC CE or alternatively or additionally consider event-based reporting. Events and the triggered report could be considered to provide network with information on e.g. detected LLM cells, which reporting configurations (for different cells) network should activate, new DL RS that is not currently listed in the measurement configuration or relative quality metric between serving cell and a candidate cell configured for LLM. 
Currently, the beam management L1 reporting framework does not support UE event-based reporting. Event based reporting would require potentially new events and reporting formats. 
Observation 6: Currently, UE event-based reporting is not supported for providing L1 measurement reports
Proposal 14: Study the need and benefits for UE event based reporting in LLM i.e. what events would be used and what information would be reported to network 
2.3 Other Topics
2.3.1 Security Aspects
As discussed in our contribution to RAN2#119e, currently cell change command requires AS security activation. This is to both avoid DoS attacks as well as to avoid UE tracking. and is possible because RRC messages are always integrity-protected, and once UP is activated also ciphered. But assuming the mobility is triggered by MAC or L1, this is no longer possible since ciphering is done at PDCP layer. If the cell change would be triggered by either, it is not clear whether this would create security issues, and SA3 should be consulted on the matter.
Observation 7: Allowing network to trigger cell change without ciphering or integrity protection may create security risks. 
Proposal 15: Send LS to SA3 asking whether doing a cell change with L1 mobility command should be ciphered and/or integrity-protected.
2.3.2 Failure Handling
Failures may occur in LLM due to various reasons, such as invalid target cell configuration which will lead to configuration failure, RLF, and HOF due to radio conditions. If a failure occurs, and under the assumption that the same paradigm is followed as in Baseline HO, the UE will have to perform re-establishment including cell reselection and decoding system information in order to identify the proper cell to re-establish to. This will increase the interruption time and signaling overhead, even though the UE may have already the configurations of cells that it could recover to. Methods to take advantage of the early provision of the RRC configurations to the UE in case of failures, should be studied in order to reduce the interruption time of the re-establishment of the connection. 
Proposal 16: Investigate for LLM how the early provision of RRC configurations to the UE can enable the reduction of the interruption time caused by re-establishment procedure in case of failures.
2.3.3 Inter-working of L3 and L1 Mobility
LLM is configured with target cells where the cell switching from lower layer is needed. From network perspective the lower layer mobility is triggered from DU based on L1 measurement report. It is also possible to trigger L3 based mobility to different target cells when LLM is already configured. L3 based mobility is needed for Inter-frequency target cells or Inter-DU cells if the network does not support Inter-DU lower layer mobility. In these cases network implementation can choose to disable the LLM triggering at DU before triggering the handover procedure. But if the lower layer mobility was triggered already towards UE, the CU may wait for completion of the execution to start the L3 mobility. In this case, handover procedure is delayed until LLM execution.  If the CU triggers L3 based mobility in agnostic way to LLM, there is possibility for configuration mismatch between the UE and network for handover execution due to race condition between these two mobility procedures. 
Proposal 17: L3 based mobility is not prohibited during L1 mobility. FFS additional coordination needed for the interworking.
3	Conclusion
This documents has made the following observations: 
Observation 1: “RRC Reconfiguration with sync” enables the serving DU (and CU) to know exactly when UE has started to utilize the L1 configuration, but incurs a delay and additional UE procedures.
Observation 2: In intra-cell BM and ICBM the maximum number of reported RS resource indicators in a single reporting instance in ICBM is 4.
Observation 3: In Re-17 ICBM reporting of NZP-CSI-RS can be supported without direct association of the NZP-CSI-RS reference signal with a PCI, the association is indirect through the association of the QCL source SSB. 
Observation 4: If the L1-RSRP reporting format is used for LLM, the PCI association needs to be given in the resource configuration (directly or indirectly) .
Observation 5: If the UE can be configured to report DL RS that are not explicitly configured, the L1 reporting format would need to include PCI(s) to associate the reported RS(s)
Observation 6: Currently, UE event-based reporting is not supported for providing L1 measurement reports
Observation 7: Allowing network to trigger cell change without ciphering or integrity protection may create security risks. 
And proposed the following:
Proposal 1: CU triggers the preparation of a target cell for LLM: CU fetches from the DU (controlling the target cell to be prepared) all the necessary lower layer configurations and the CU generates, using the received information, a target cell configuration to be applied for LLM.
Proposal 2: Similar to CHO, the CU can prepare up to 8 cells for LLM.
Proposal 3: CU provides the UE with the CSI measurement configuration for reporting the L1 beam measurements for prepared target cells along with serving cell.
Proposal 4: RAN2 to decide on whether the CSI measurement configuration needs to explicitly define the RS indices that shall be measured for the serving and prepared target cells in LLM.
Proposal 5: Serving DU decides on the CSI measurement configuration for LLM which is provided to the UE via the CU.
Proposal 6: The CSI measurement configuration for LLM shall ensure that the UE measures and reports measurements for same reference signal type (SSB or CSI-RS) for both serving and prepared target cells.
Proposal 7: RAN2 to consider mechanisms for LLM where the serving DU (and CU) are aware when UE has started using the new RRC configuration without relying on the current “RRC Reconfiguration with sync” approach.
Proposal 8: The serving DU decides to trigger LLM by sending lower layer command to the UE. 
Proposal 9: The serving DU informs CU when the cell change is triggered by lower layers.
Proposal 10: As a starting point, the maximum number of reported RS in a single reporting instance is 4.
Proposal 11: For LLM, reuse the same principle of QCL chain for associating signals with specific PCI for L1 measurements and reporting 
Proposal 12: Support all the CSI reporting time types for LLM: aperiodic, semi-persistent, periodic.
Proposal 13:  Consider mechanisms to activate subset of configured reference signals to be active for L1 reporting of LLM cells.
Proposal 14: Study the need and benefits for UE event based reporting in LLM i.e. what events would be used and what information would be reported to network 
Proposal 15: Send LS to SA3 asking whether doing a cell change with L1 mobility command should be ciphered and/or integrity-protected.
Proposal 16: Investigate for LLM how the early provision of RRC configurations to the UE can enable the reduction of the interruption time caused by re-establishment procedure in case of failures.
Proposal 17: L3 based mobility is not prohibited during L1 mobility. FFS additional coordination needed for the interworking.
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