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1	Introduction
In RAN2-119bis-e meeting, the following agreements have been made relevant to the procedures in LTM [1]:
	RAN2 assumes that RAN1 will drive discussions on L1 measurement enhancements, if any. If RAN1 identifies the need for e.g. event reporting, filtering etc, RAN2 can then be involved if needed. 

R2 assumes that at L1L2 cell switch: Whether the UE performs partial or full MAC reset (FFS what partial reset is, e.g. to avoid data loss), re-establish RLC, perform data recovery with PDCP is explicitly controlled by the network. R2 assumes that this can be configured by RRC. FFS if MAC CE indication(s) is/are needed. 

FFS whether ASN.1 decoding and validity/compliance check of candidate cell configuration are performed upon reception of the candidate cells configuration. FFS if this need to be specified. 

For UE processing, the following (not exhaustive) is assumed to be performed after receiving the cell switch command:
· MAC/RLC reset (when configured) 
· RF retuning (e.g. needed for inter-frequency), baseband retuning 

RAN2 assumes L1/2 mobility trigger information is conveyed in a MAC CE, FFS if the MAC CE or a DCI is used for the actual triggering. 




The first agreement relates to the measurement enhancements and how measurements should be configured and reported. The remaining agreements relate to procedures relevant to the cell switch. 
In this contribution, we discuss the details of LTM preparation and execution, as well as enhancements that are relevant to cell switch.
2	Discussion
2.1 	LTM Preparation and Measurement Configuration
In LTM, the CU triggers the preparation of a set of target cells based on the received L3 measurement reports. 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 LTM. 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 LTM target configurations. Similar to CHO, the CU should be able to prepare up to 8 cells for LTM.
Proposal 1: Similar to CHO, the CU can prepare up to 8 cells for LTM.
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 LTM, 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 2: 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 LTM:
· 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 LTM.
· 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 3: 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 LTM.
In LTM, 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 LTM which is provided to the UE via CU.
Proposal 4: Serving DU decides on the CSI measurement configuration for LTM 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 5: The CSI measurement configuration for LTM 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.
2.2	LTM Execution
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. Additionally, the NZP-CSI-RS is not explicitly associated with a PCI value but use the QCL chain is used. 
Proposal 6: The maximum number of reported RS in a single reporting instance is 4 and 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 LTM, 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 7: Support all the CSI reporting time types for LTM: 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.
Observation 1: If the L1-RSRP reporting format is used for LTM, 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 (or configure/update the reporting configuration).
Proposal 8:  Consider mechanisms to activate subset of configured reference signals or reporting configurations to be active for L1 reporting of LTM cells.
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 so that the PCI is explicitly associated with the reported RS (at least in case of SSBs) In any case, the UE capability limitation would still potentially apply, if the reporting is assumed to be in beam management framework.
Observation 2: If the UE can be configured to report DL RS that are not explicitly configured (similar to how SSB indices are measured and reported for L3 measurement), the L1 reporting format would need to include PCI(s) to associate the reported RS(s)
2.3 	Reconfiguration Failure handling for LTM
Reconfiguration Failure handling as per current specification for L3 mobility is illustrated in Figure 1. The figure captures the reconfiguration failure handling for classic handover and conditional handover scenarios. When UE applies the new configuration there is a possibility that it is not compliant to its internal functions/modules. In such case, it is not possible to revert to the original state as the internal states might have moved to a new ‘unstable’ condition due to new configuration. To recover the radio link, the UE performs the re-establishment procedure.
Re-establishment procedure is a relatively slow recovery mechanism containing following steps:
· UE first uses the stored configuration for starting re-establishment. But releases all the configurations except security configuration and DCCH configurations for SRB.
· UE applies these configurations when it attempts for Re-establishment to send the message and also receive acceptance.
· UE will resume its data transmission only on receiving the RRC-Reconfiguration where NW decides on Full Config (most of the cases for re-establishment for safe recovery) or Delta configuration.
· Here UE makes use of stored configuration if it receives delta configuration. 
· After successful Reconfiguration, data transmission resumes.
The re-establishment procedure for reconfiguration failure will lead to significant interruption time to resume the services and also long signalling procedure is required for the UE to resume the services. In the case of LTM, the target cells are already prepared for switching, the UE needs not to follow the normal re-establishment procedure steps for reconfiguration failure for LTM.
Observation 3: LTM is introduced for delay sensitive services, targeting interruption service reduction. Thus following the classic reestablishment mechanism which requires multiple signalling procedures and processing steps at UE is not preferable.
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Figure 1: Further Insights on the Re-establishment procedure and rationale for current behaviour
Figure 2 provides the components of mobility latency as captured in [2]. In this, Tprocessing,1 /Tprocessing,2  are “time for UE processing, before and after cell switch command, respectively. This may include L2/3 reconfiguration, RF retuning, baseband retuning, security update if needed, etc.”. Since we assume that the UE will perform processing before the cell switch command the UE can validate the suitability of the configuration for the current state of the device and if not inform the network about a possible unsuitable configuration. In case the UE fails to apply the configuration upon the reception of the cell switch command it still may recover to the serving cell, where the configuration is valid.
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Figure 2: Components of Mobility Latency
Proposal 9: Since the RRC Configurations are provided to the UE in advance, the UE can perform a compatibility check in order to identify invalid RRC configurations. FFS how to inform the network about the invalid configurations. 
Proposal 10: If the RRC Configuration that the UE applies during the cell change is invalid the UE can recover to the source cell by applying the source cell configuration.
2.4 	Other Topics
2.4.1	Radio Link and Handover Failure handling
Failures may occur in LTM due to various reasons, e.g., RLFs, and HOFs due to radio conditions which may cause loss of certain messages. 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. On the other hand, the RRC Configuration of the prepared cells is already available in the UE and the UE can take advantage of this to reduce the interruption time of the re-establishment of the connection. 
Proposal 11: Investigate for LTM 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.
For example, if the UE upon an RLF or a HOF the UE may apply it in order to reduce the interruption time, similar to Conditional Handover Recovery.
Proposal 12: Investigate in which cases and how the UE can apply the prepared cells configurations to reduce the interruption time caused by re-establishment procedure in case of failures.
2.4.2	Inter-working of L3 and L1 Mobility
LTM is configured with target cells where the cell switching from lower layer is needed and can be supported. From network perspective the lower layer mobility is triggered from DU based on L1 measurement report. It is also possible to configure L3 mobility for the same UE for different target cells; L3 mobility can also be triggered to different target cells when LTM is already configured. L3 mobility is needed for inter CU scenarios, or for cases LTM is not supported. In these cases network implementation can choose to disable the LTM 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 LTM execution.  If the CU triggers L3 based mobility in agnostic way to LTM, there is possibility for configuration mismatch between the UE and network for handover execution due to race condition between these two mobility procedures. 
Proposal 13: L3 based mobility is not prohibited after LTM was configured. FFS what additional coordination needed for the interworking.
3	Conclusion
The following observations and proposals have been made in this paper:
Observation 1: If the L1-RSRP reporting format is used for LTM, the PCI association needs to be given in the resource configuration (directly or indirectly).
Observation 2: If the UE can be configured to report DL RS that are not explicitly configured (similar to how SSB indices are measured and reported for L3 measurement), the L1 reporting format would need to include PCI(s) to associate the reported RS(s)
Observation 3: LTM is introduced for delay sensitive services, targeting interruption service reduction. Thus following the classic reestablishment mechanism which requires multiple signalling procedures and processing steps at UE is not preferable.
Proposal 1: Similar to CHO, the CU can prepare up to 8 cells for LTM.
Proposal 2: CU provides the UE with the CSI measurement configuration for reporting the L1 beam measurements for prepared target cells along with serving cell.
Proposal 3: 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 LTM.
Proposal 4: Serving DU decides on the CSI measurement configuration for LTM which is provided to the UE via the CU.
Proposal 5: The CSI measurement configuration for LTM 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 6: The maximum number of reported RS in a single reporting instance is 4 and the same principle of QCL chain for associating signals with specific PCI for L1 measurements and reporting.
Proposal 7: Support all the CSI reporting time types for LTM: aperiodic, semi-persistent, periodic.
Proposal 8:  Consider mechanisms to activate subset of configured reference signals or reporting configurations to be active for L1 reporting of LTM cells.
Proposal 9: Since the RRC Configurations are provided to the UE in advance, the UE can perform a compatibility check in order to identify invalid RRC configurations. FFS how to inform the network about the invalid configurations. 
Proposal 10: If the RRC Configuration that the UE applies during the cell change is invalid the UE can recover to the source cell by applying the source cell configuration.
Proposal 11: Investigate for LTM 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 12: Investigate in which cases and how the UE can apply the prepared cells configurations to reduce the interruption time caused by re-establishment procedure in case of failures.
Proposal 13: L3 based mobility is not prohibited after LTM was configured. FFS what additional coordination needed for the interworking.
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