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In RAN1 #111, L1 enhancements for inter-cell beam management were discussed and the following agreements were made [1]. In this contribution, further discussion on L1 enhancements is presented.
	Agreement
· For Rel-18 LTM, L1 inter-frequency measurement is supported from RAN1 point of view.
Agreement
· Regarding the potential RAN1 enhancements to reduce the handover delay / interruption for Rel-18 LTM
· Support at least DL synchronization for candidate cell(s) based on at least SSB before cell switch command
· Further study the necessary mechanism, e.g., signaling and UE capability
Agreement 
For L1 measurement report for Rel-18 L1/L2 mobility, if UE event triggered report for L1 measurement is supported based on further study
· At least the following aspects may be considered 
· How to define UE event and exact definition of events,
· Report container
· Resource allocation/assignment for UE event triggered report 
· Necessity of indication to gNB when the condition UE event is met, and how
· Necessity to define the condition to start/stop the reporting, 
· Contents of the report/reporting format, PCI, RS ID, measurement result etc.
· The interaction with filtered L1 measurement results (if supported) 
· Support of simultaneous configuration of both UE event triggered and any of periodic/semi-persistence/aperiodic reporting, and solutions when both of them are configured.
· Report destination, whether the report is sent to serving cell only or can be sent to one or more candidate cell(s).
· Benefit when L3 measurement is involved
Agreement
Send an LS to RAN2, 3 and 4 to inform them of the agreements under A.I 9.12.1 and A.I. 9.12.2 at RAN1#111.
Agreement
For candidate cell measurement for Rel-18 LTM, 
· SSB based L1-RSRP is supported for intra-frequency measurement
· SSB based L1-RSRP is supported for inter-frequency measurement from RAN1 point of view
· FFS: L1-SINR, CSI-RS based L1-RSRP


Agreement
The beam indication of candidate cell(s) for Rel-18 LTM should be designed based on the following:
· Beam indication for Rel-18 LTM is designed based on Rel-17 unified TCI framework, if both serving cell and candidate cell support Rel-17 unified TCI framework 
· FFS: whether/how to design mechanism for Beam indication for Rel-18 LTM when at least one from serving cell and candidate cell supports only Rel-15 TCI framework.
· Note: How and whether to indicate the new serving cell(s) and timing for beam indication are separately discussed 
Agreement
For gNB scheduled L1 measurement report for Rel-18 LTM, report as UCI is supported
· Semi-persistent report on PUSCH, and aperiodic report on PUSCH are supported
· FFS: periodic and semi-persistent PUCCH
· In a single report instance, report for serving cell and candidate cell(s) for intra-frequency and/or inter-frequency can be included. 

Agreement
· For beam indication timing for Rel-18 LTM, 
· Support Scenario 2: Beam indication together with cell switch command, 
· For Rel-17 unified TCI framework, 
· Beam indication indicates TCI state for each target serving cell
· FFS: Scenario 1: Beam indication before cell switch command
· FFS: Scenario 3: Beam indication after cell switch command
· FFS: Activation of TCI state(s) of target serving and/or candidate cell(s). 




Discussion
L1 measurement configuration and reporting
It has been agreed in RAN2 that a L1/L2 inter-cell mobility candidate (target) configuration is received within an RRC message before the L1/L2 dynamic switch is triggered, as shown in Figure 1. It has also been assumed in RAN2 that candidate cell configuration can only be modified/released by Network, and subsequent LTM cell change between candidates without RRC reconfiguration can be supported. All of this implies some initial setup and maintenance of the LTM candidate set using RRC measurement reporting and RRC reconfiguration. As with any RRC reconfiguration, it is expected that the network may use UE measurement reporting to make decisions as to what cells are included in the candidate set, but it should also be possible for the network to blindly set up a candidate list. For example, the gNB may set up multiple candidates blindly (e.g., before they can be measured by the UE) or the gNB may setup candidates based on what has been reported.
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Figure 1 Configuration phase 
Configuring LTM candidates in advance of being detected and reported by RRC provides a benefit in terms of being already (pre)configured when the cell (or beams on the cell) become detectable, since no delay is added from performing RRC measurements and RRC reporting and reconfiguration. However, this approach does introduce some challenges. If L1 measurements are enabled for all configured candidates, the associated overhead is large in terms of measurement configuration, measurement resource configuration, and reporting resources overhead. This implies a limit in terms of the number of candidates that can feasibly be preconfigured. Furthermore, if the LTM area includes cells controlled by multiple DU’s, provisioning all resources by RRC leads to complications at the network side if such resources are managed at DU level. This problem also exists for the configuration of TCI states.
Observation: RRC provisioning of L1 measurement resources is not scalable to LTM area spanning large number of cells.
In order to allow sufficient candidates to be pre-configured while keeping measurements and the associated overhead minimized, the number of candidate cells measured should be smaller than the number of stored candidate configurations. An option to limit the number of LTM candidates which are considered for measurement is to enable certain measurement configurations only when using a particular SpCell. That is, the network may pre-configure all measurement configurations which will be needed in all of the configured LTM candidates, but only the relevant ones should be in use at a particular time. 
Proposal 1: The maximum number of stored candidate configurations (configured in LTM preparation) can be larger than the number of candidate cells being actively measured. 
Another discussion point in RAN1 has been whether to support CSI-RS based L1 measurement in addition to SSB based measurement. As discussed above, supporting CSI-RS could significantly increase configuration and measurement/reporting overhead and UE complexity. In addition, it is not clear whether the added complexity can be justified by improved mobility performance (if any). Therefore, it would be appropriate to study SSB based L1 measurement at this stage and possibly consider CSI-RS as an optimization in the future.
Proposal 2: CSI-RS based L1 measurement for inter-cell beam management is not supported in Rel-18. 
Selection and consequent activation of a subset of the RRC configured candidate set can be achieved by the UE detecting (possibly autonomously) and reporting the strongest SSBs. Such reporting would be best carried by MAC CE given the large amount of information to include in the report. One can also safely assume that autonomous detection of SSB is possible since L3 reporting relies on this, for both intra-frequency and inter-frequency measurements.
Proposal 3: Support reporting of strongest detected SSB resources in MAC CE.
As the UE moves within the LTM area, the set of SSB resources relevant for inclusion in a set of L1 measurement resources or TCI state changes. The network needs to be informed relatively quickly at least when a new SSB resource is detected. One possibility is to configure the MAC CE to be transmitted periodically. However, this could result in large number of unnecessary transmissions when the UE is not moving. A more appropriate principle is that the UE triggers transmission of the report when there is a change in the set of strongest detected SSBs. 
Proposal 4: Support triggering of MAC CE measurement report when there is a change in the set of strongest detected SSB resources.
The scheme outlined above is illustrated in Figure 2.
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Figure 2 L1 reporting timeline
To further reduce configuration overhead, we may allow L1 measurement resources to be configured without involving RRC signaling; signaling by MAC CE is an attractive option to achieve this. For example, in the case of a CSI-SSB resource set, the MAC CE can associate a CSI-SSB resource set ID to a set of SSB resources, including respective SSB indices and associated PCI’s. The same solution could be applied for the configuration of TCI states that have SSB resources as QCL source.
Proposal 5: Support association of SSB resource to a CSI-SSB resource set by MAC CE.
Proposal 6: Support association of SSB resource to a TCI state by MAC CE.
In RAN1 #111, configuration of L1 measurement was discussed and the following four options were considered, without an agreement.
	· For Rel-18 LTM, further study the following structure for L1 measurement configurations.
· Option-1: Based on CSI measurement configuration specified in Rel-17 ICBM
· Option-2: Introduce an independent a measurement configuration for candidate cell(s) [and serving cell] from serving cell configurations, which, and the measurement configuration is decoupled with serving cell configuration.
· Option-3: Use measurement configuration for each candidate cell
· Option-4: Do not include RS information or cell information in measurement configurations 



Out of these options, Option-1 provides the most straightforward solution (with small spec impact) and is an extension of the ICBM framework. In this option, frequency information (ARFCN) can simply be added to the cell configuration. On the other hand, options 2 and 3 are expected to have larger spec impact and result in a more cumbersome configuration design. 
Proposal 7: L1 measurement configuration is based on CSI measurement configuration specified in Rel-17 ICBM.
Reporting of inter-frequency measurements
In RAN1 #111, RAN1 agreed to support gNB-scheduled L1 measurement reporting by UCI, and further that in a single report instance, report for serving cell and candidate cell(s) for intra-frequency and/or inter-frequency can be included.
Reporting for a variable number of L1-RSRP measurements for different beams/cells can be supported by e.g., including information on the number of reported measurements, which frequencies, and one measurement result in CSI part 1, and the remaining measurement results in CSI part 2. However, given that there are typically many beams/cells that can be measured, and that CSI payload is limited, it is necessary to specify rules to report only the relevant results for mobility.
The UE should always indicate results for resource(s) on same frequency as the serving cell since the network may prioritize intra-frequency mobility. For resources on different frequencies (inter-frequency), the information may only be useful if the best result on a frequency is higher than a threshold relative to the best intra-frequency result. In addition, when the best intra-frequency result is sufficiently high it is typically not necessary to report for other frequencies.
Proposal 8: Support that inter-frequency L1 measurement results are included in a L1 report under a condition that the best result on the frequency is higher than a threshold relative to best intra-frequency result.
Proposal 9: Support that inter-frequency L1 measurement results are included in a L1 report under a condition that the best intra-frequency result is lower than a threshold.
For identifying a resource in the report, the two following options could be considered:
a) Report a SSBRI (or CRI) indicating a resource out of a single set of resources where each individual resource can be configured with frequency identity (e.g., ARFCN)
b) Report the identity of a set of resources and the identity of a resource within the set (SSBRI or CRI), where a set of resources is configured with frequency identity.
Option (a) extends the ICBM solution by associating an ARFCN in addition to a PCI. Option (b) implies configuration of separate resource sets for different frequencies. Since in many cases reporting for inter-frequencies is not required, option (a) may result in unnecessary overhead since it would likely require additional bits for each SSBRI or CRI. On the other hand, option (b) may only require a few bits indicating whether results are present for each frequency (resource set) in the CSI part 1. Therefore, option (b) is preferred.
Proposal 10: RRC configures a separate set of resources for channel measurement for each frequency.
Proposal 11: L1 measurement report indicates which set(s) of inter-frequencies are included.
Event triggered report
Currently only L3 measurements support cell detection based on e.g., a provided carrier frequency, and currently only L3 measurements support event trigged report. Since it has already been confirmed that L3 reporting is not efficient enough to support LTM execution, e.g., due to relatively long filtering delay and reporting delay, this implies a solution is needed at L1/2 to perform cell detection and signaling needs to be introduced at L1/2 to report detected cells and control the active CSI reporting configurations, in order to improve the mobility latency while keeping CSI reporting overhead to a reasonable level. 
Proposal 12: L1 UE triggered reporting is supported at least for reporting detected cells on a carrier. 
Since MAC CE is transmitted on PUSCH, this would be the most reasonable choice for transmission of a UE triggered L1 report.
Proposal 13: MAC CE should be used to report cell detection.
Preparation phase
In RAN1 #111, RAN1 agreed to support DL synchronization for candidate cell(s) based on at least SSB before cell switch command. Considering that DL synchronization is anyway required for the UE to perform measurement on the candidate cell, satisfying this requirement should not significantly increase UE complexity under the reasonable assumption that LTM is performed only on a target cell that has previously been measured and reported by the UE. It should also be feasible for inter-frequency candidate cells if such cells have been measured and reported by the UE.
Proposal 14: Support DL synchronization before reception of cell switch for both intra-frequency and inter-frequency candidate cell(s).
Another discussion point was TRS tracking and CSI measurement of candidate cell(s) before reception of cell switch command. Supporting such functionality would be beneficial to reduce the delay until the network can maximize throughput in the target cell. On the other hand, it could potentially also significantly increase the burden of the UE unless it can be done in a selective manner for a small number of candidate cells to which the UE is most likely to switch within a short period of time. In addition, it may not be feasible if the candidate cells are on a frequency for which the UE requires measurement gaps. One may assume that the ICBM framework can be reused to a large extent to support this.
Proposal 15: Support TRS tracking and CSI acquisition at least for intra-frequency candidate cell(s) before reception of cell switch command.
Cell switch command
RAN1 has already agreed to support TA acquisition of candidate cell(s) before cell switch command is received in LTM. When the UE has valid TA for a target cell (or for a TCI state of a target cell, if TA/TAG association to TCI state is supported), the UE does not need to perform RACH procedure following reception of the cell switch command. If the UE does not perform RACH procedure, the UE needs to receive an indication of active TCI state in the cell switch command to determine how to receive PDCCH following the cell switch.
Proposal 16: Cell switch command can include indication of active TCI state in target cell.
In addition, the cell switch command may need to contain indication of an uplink resource for the confirmation of execution of the cell switch in target cell.
Proposal 17: Cell switch command can indicate an uplink resource of target cell for the confirmation of execution of the cell switch.
Beam failure recovery enhancements
For R18 L1/2 mobility, the UE can perform change of serving cell dynamically, e.g., using MAC CE. This means that the network is prepared to allocate resources for that UE without RRC reconfiguration from any serving cell within the L1/2 mobility area. In case of beam failure detection, this opens possibility of recovering beam for PDCCH from a non-serving cell to avoid radio link failure when no beam from the serving cell can be properly received, or to select a better beam. This enhancement would significantly increase robustness of the connection. 
Proposal 18: Support beam failure recovery on resources of non-serving cell.
Conclusion
This contribution proposed the following L1 measurement enhancements for the support of LTM:
Proposal 1: The maximum number of stored candidate configurations (configured in LTM preparation) can be larger than the number of candidate cells being actively measured. 
Proposal 2: CSI-RS based L1 measurement for inter-cell beam management is not supported in Rel-18. 
Proposal 3: Support reporting of strongest detected SSB resources in MAC CE.
Proposal 4: Support triggering of MAC CE measurement report when there is a change in the set of strongest detected SSB resources.
Proposal 5: Support association of SSB resource to a CSI-SSB resource set by MAC CE.
Proposal 6: Support association of SSB resource to a TCI state by MAC CE.
Proposal 7: L1 measurement configuration is based on CSI measurement configuration specified in Rel-17 ICBM.
Proposal 8: Support that inter-frequency L1 measurement results are included in a L1 report under a condition that the best result on the frequency is higher than a threshold relative to best intra-frequency result.
Proposal 9: Support that inter-frequency L1 measurement results are included in a L1 report under a condition that the best intra-frequency result is lower than a threshold.
Proposal 10: RRC configures a separate set of resources for channel measurement for each frequency.
Proposal 11: L1 measurement report indicates which set(s) of inter-frequencies are included.
Proposal 12: L1 UE triggered reporting is supported at least for reporting detected cells on a carrier. 
Proposal 13: MAC CE should be used to report cell detection.
Proposal 14: Support DL synchronization before reception of cell switch for both intra-frequency and inter-frequency candidate cell(s).
Proposal 15: Support TRS tracking and CSI acquisition at least for intra-frequency candidate cell(s) before reception of cell switch command.
Proposal 16: Cell switch command can include indication of active TCI state in target cell.
Proposal 17: Cell switch command can indicate an uplink resource of target cell for the confirmation of execution of the cell switch.
Proposal 18: Support beam failure recovery on resources of non-serving cell.
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