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Introduction
[bookmark: _Hlk492027000]In order to reduce the mobility latency, in Rel-18 WID on Further NR mobility enhancements, RP-222332 [1], one of the objectives was agreed to specify mechanism and procedures of Layer 1/Layer 2 (L1/L2)-triggered mobility (LTM) which includes the following items:

	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 last three RAN1 meetings on Rel-18 LTM, several issues including measurements, reporting, target cell beam indication, cell switch command, and candidate cell procedures to be performed before cell switch were discussed and several agreements were made. In this contribution, we further discuss these issues and provide our additional views on the open items. 
Discussion
Measurement RS and Metric
RAN1 has made the following agreements for measurement RS and metric

 RAN1 111
· 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
RAN1 112
· For L1-RSRP measurement RS configuration
· SSB based L1-RSRP measurement: 
· As a starting point, at least the following information needs to be provided to a UE, e.g.
· For intra- and inter- frequency: PCI or logical ID (e.g., as being defined in R17 ICBM), time domain (e.g. SMTC or periodicity and SSB position in burst) 
· For inter-frequency: frequency domain location (e.g. center frequency), SCS
· FFS: transmission power (for pathloss calculation)
· Note: other parameters included in the configuration can be further discussed
· The detailed design of RRC structure is up to RAN2, and send an LS to RAN2 to request to work on the RRC structure design on the measurement configuration. 


SSB based L1-RSRP Measurement
Although most of the necessary configuration information for the SSB based L1-RSRP measurements was listed in the last meeting, the transmission power related configuration needs further clarification. The transmission power of the SSBs (ss-PBCH-BlockPower) is needed to estimate the associated path-loss, which will be used to determine the power for a subsequent PRACH transmission (if triggered by the source cell). In terms of the configuration, one option to configure time domain (periodicity and SSB position in burst) and transmission power is by reusing existing Rel-17 information element SSB-MTC-AdditionalPCI which contains both time domain and transmission power information, but this decision can be left to RAN2. 
Proposal 1: For RS configuration for SSB based L1-RSRP measurement, SSB transmission power is also configured for the path loss calculation.  
CSI-RS
As one of the objectives of LTM is to maintain high data transmission efficiency and reliability in the process of fast cell switch, it would be beneficial to support CSI-RS based measurement which can be configured to perform over larger bandwidth with shorter periodicity and narrower beams. As the starting point, CSI-RSs used for beam management can be supported. Other types of CSI-RS could be studied and supported based on the progress on other issues. Both intra and inter-frequency scenarios can be supported, and in terms of metric, L1-RSRP can be supported as the starting point. 
Proposal 2: For Rel-18 LTM, L1-RSRP using CSI-RS for beam management can be supported for L1 measurement of a candidate cell.  
[bookmark: _Hlk130896490]In order to support CSI-RS based L1-RSRP measurements, the UE would need to be provided the relevant parameters at least including the resource mapping within a slot (# ports, OFDM symbols, CDM type, subcarrier occupancy), periodicity, slot offset, scrambling ID, QCL source info. The associated candidate cell identity can be provided explicitly or implicitly where for the implicit manner, the candidate cell associated with the QCL source can be used. 
[bookmark: _Hlk131684964]Proposal 3: For CSI-RS based L1-RSRP measurement, at least parameters including resource mapping within a slot (# ports, OFDM symbols, CDM type, subcarrier occupancy), periodicity, slot offset, scrambling ID, QCL source info can be provided to the UE. 
· Associated candidate cell identity can either be provided explicitly or implicitly where for the implicit manner, the candidate cell associated with the QCL source can be used.  
One concern with CSI-RS measurements of a candidate cell can be the relevant configuration of CSI-RSs for the UE. As the CSI-RSs are not always-on signals like SSBs and are typically configured for the connected UEs. Without any additional information of the serving cell’s measuring UE (e.g., location), the candidate cell may either provide the CSI-RS configuration which may have CSI-RS in the directions not relevant to the measuring UE or may configure CSI-RS in all possible directions which would incur unnecessary network overhead, and also UE may need to attempt performing measurements on a larger set of CSI-RSs than needed. There can be multiple ways to handle this issue, 
1) Only the relevant CSI-RS indices are configured to the UE - the UE first can only be configured with SSB measurements, then based on the SSB measurement reporting, the serving cell can request the target cell to configure relevant CSI-RSs (e.g., associated with the strongest SSBs in terms of QCL reference). After this, the UE can be configured to measure CSI-RSs received from the target cell, or
2) The UE can be configured with both SSBs and a larger set of CSI-RS of candidate cells, but it can select a subset of CSI-RSs to perform measurements based on its SSB measurements. For example, it can only perform measurements with CSI-RSs associated with the strongest measured SSB or only the CSI-RS that are associated with the SSBs that UE has detected. 
[bookmark: _Hlk131684996]Observation 1: Without any additional information of the UE (e.g., location), a candidate cell’s CSI-RS configuration may not contain CSI-RSs relevant for the measuring UE. 
Proposal 4: If CSI-RS measurements with a candidate cell are supported, RAN1 to study mechanism(s) for the configuration of CSI-RSs of a candidate cell relevant to the measuring UE with minimal overhead.
L1-SINR
In RAN1, L1-RSRP has already been agreed for SSB based measurements. Now the question is that do we need L1-SINR support to measure SS-SINR or CSI-SINR (if CS-RS is supported as measurement RS). L1-SINR may be beneficial to reflect the quality of a cell more accurately because of the interference (and noise) estimation in addition to only received signal strength (RSRP). To measure SINR, both CMR (for channel measurements) and IMR (for interference measurements) are needed. In case of dedicated IMR resources, it can be CSI-IM or NZP CSI-RS or both which is typically CSI-RS. However, since we haven’t agreed to support CSI-RS for candidate cell measurements, it is not clear how dedicated IMR resources could be configured. If no dedicated IMR resources are configured, then as per TS 38.215, interference/noise power for SS-SINR can be measured over the resource elements carrying secondary synchronization signals (SSS) within the same frequency bandwidth. Hence, to measure interference for a candidate cell, this might require SSSs from other candidate cells to be carried within the same frequency bandwidth. Therefore, it is not straight forward to configure interference measurement resources for a candidate cell, specially when the situation on CSI-RS support is not clear. Therefore, we suggest delaying the discussion on L1-SINR until we settle on the CSI-RS support.
Proposal 5: Whether/how to support L1-SINR can be discussed after the decision on whether CSI-RS measurements are supported or not supported for the candidate cells.
Network Scheduled Measurement Reporting 
RAN1 has made the following agreement in RAN1 #111 [2] for the reporting mechanism

 · 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. 

In Rel-17, 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 practice, 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 6: As a starting point, the maximum number of reported RS in a single reporting instance is 4.
In terms of the reporting content, it has been agreed that in a single report instance, measurements of serving cell and candidate cell(s) can be included. In a reporting instance, the UE may always be configured to include at least the best beam of the serving cell along with the beams from the candidate cells. This will enable the serving cell to compare the latest quality of the serving cell with the candidate cells. In a more general framework, the UE may be configured to report candidate cell beams and the serving cell beams in specific limits, for example, N beams from the serving cell, M beams from the candidate cells, where N + M = 4. 
Proposal 7: Consider a reporting format where beams of the serving cell and the candidate cell are reported in specific limits in the report.
In order to select the candidate cells and the associated beams for reporting, the UE may be configured to include the M best beams over all the candidate cells, where these M beams may be associated with the same or different candidate cells. Another good option may be where the UE may be configured to report only one beam (strongest) from M strongest candidate cells (cell quality is based on the highest measured beam quality) which may provide a bit more flexibility to the network in terms of selecting a candidate cell based on other factor than only the best L1 measurement.
Proposal 8: In a reporting instance, M beams associated with the candidate cells are selected based on:
· Alt-1: M strongest beams over all the candidate cell (associated with the same or different candidate cells)
· Alt-2: One beam from each of the M strongest candidate cells. 
Since in LTM, acquiring the TA for the target cell to determine the UL synch before the cell switch is an important feature and therefore, early TA acquisition has been agreed in the other RAN1 sub-agenda item on LTM. The serving cell would most probably prefer candidate cells with TA information available (let’s call them synched candidate cells) for selecting the target cell for cell switch. However, in some scenarios the reported measurements from the UE can be dominated by beam measurements of other candidate cells (for which no TA information is available; let’s call them non-synched candidate cell) based on the beam qualities. Therefore, the UE may not be able to include the measurements from the synched candidate cells even those cells are good enough for handover. Considering this issue, it would make sense to prioritize the measurements for the synched candidate cells. One way to achieve that is by configuring different minimum quality thresholds for synched and non-synched cells for reporting. Another way is to have a static distribution between the number of beams for synched and non-synched cells for reporting. The exact details of multiplexing beams of synched and non-synched cells can be finalized later once we agree on prioritizing the reporting of synched cells. 
Proposal 9: In a reporting instance, beams from the synched candidate cells (for which the valid TA information is available) are prioritized over the non-synced candidate cells (for which the valid TA information is not available).
Since the size of a CSI report would be of similar order of Rel-15/16/17 CSI reports, all types of legacy CSI reporting of CSI including the reporting via PUCCH can be supported for Rel-18 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 10: Support periodic and semi-persistent CSI reporting using PUCCH for Rel-18 LTM.
In terms of reporting format, it was agreed in Rel-17 to reuse the Rel-15 L1-RSRP reporting format using one absolute 7-bit RSRP and remaining 4-bit differential RSRP value (relative to the absolute value). In order to avoid any new specification changes, the same format can be reused for Rel-18 LTM.
Also, the same maximum bit-width for SSB-index or CRI can be used (e.g., 6 bits) with a constraint on the maximum number of RSs to be configured for a reporting at any instant. This may require some mechanisms in case a larger set of RSs is configured for LTM consisting of multiple candidate cells. We discuss this issue and provide some solutions in section 2.5. 
Proposal 11: Rel-17 ICBM and inter-cell mTRP L1 reporting format with one absolute 7-bit RSRP and remaining 4-bit differential RSRP value (relative to the absolute value) can be reused for Rel-18 LTM.
Proposal 12: To limit the bit-width size of SSB-index or CRI, similar constraint as in Rel-15/17 on the maximum number of measurement RSs for a reporting configuration can be reused. 
Although it has not been agreed, but a scenario, when a mTRP configuration is allowed to be enabled/triggered within the target cell immediately after the cell switch in order to maintain the high reliability and robustness can be a potential use case for LTM. For such a scenario, it would be useful to allow group-based beam reporting (as in Rel-17) for such candidate cells. However, given the limited TU, detailed enhancements to enable such scenarios can be considered later once the basic/essential framework for LTM is completed. 
Observation 2: Enabling Rel-17 group-based beam reporting for a candidate cell in order to trigger a mTRP operation may be useful.    
L1 Event Triggered Reporting 
On the UE Event Definition
For the event definition at least following high level events could be considered: 
· Based on the L3 measurements, UE could determine to trigger indication to network that specific L1 reporting configuration should be activated. The L3 measurements are performed periodically, thus could be used for the event definition. The indication/reporting could be provided using lower layer signalling (e.g. MAC CE). 
· Alternatively, the UE may use L3 measurements to detect a cell and perform L1 measurements. Based on L1 measurements an event may be configured where the UE indicates based on the L1 measurements that specific reporting configuration could be activated. 
The L3 measurements could be used to determine whether the UE should start performing L1 measurements on the configured L1 measurement RSs associated with a currently active reporting configuration. In this case the UE may not provide an explicit indication to network that the measurements have been initiated/event has been triggered and any indication would be provided in the L1 measurement report based on the reporting configuration e.g., when UE reports the top N-beams to network. 
Proposal 13: Define event (e.g. A3/A4/A5) based on L3 measurements where UE determines to start performing L1 measurement on pre-configured L1 measurement RS and reporting using the currently active reporting configuration for which the measurement RS are associated. 
Report container/ resource allocation for UE triggered event
For event-based reporting, a MAC CE based solution would provide more flexible approach in terms of container size and provision to network. MAC CE based solution would be similar to aperiodic reporting where it would not require periodic / preconfigured resource allocation, and instead, a mechanism to request resources (SR /CBRA) may be used. Also, in case, the UE has an UL grant available, it can be used to send the MAC CE.
Observation 3: MAC CE based reporting will provide most flexible container option for event-based reporting. MAC CE based reporting can be carried out using the available UL grant or resources can be requested by currently specified means i.e., SR/CBRA. 
Proposal 14: For the UE event-based reporting, support at least MAC CE as a reporting container.
Indication of the triggered event 
As discussed above, if the UE is configured to initiate reporting according to current L1 reporting configuration (but based on the event such as consider a set of DL RS of certain candidate cells “valid” for reporting) the NW may not need any additional explicit indication upon event triggering. For such event, the indication would be implicit if a candidate cell DL RS is started being reported as one of the top N-beams in the L1 report.
Observation 4: If the event triggers UE to perform L1 measurements for active/existing L1 reporting configuration, the indication of event is not needed.
In an alternative option, an L1 signal (+ MAC CE) could be assigned for indicating network that specific event has occurred. As an example, a dedicated SR could be assigned for indicating that a criterion for an event (e.g., that candidate cell or at least one RS for a candidate cell configured for reporting is above a quality threshold) has been fulfilled. The detailed information could be provided in the MAC CE. In case UL grant is available, the MAC CE could be provisioned on the available grant. 
Observation 5: Dedicated L1 signaling (SR) could be used to indicate that UE intents to provide more information for a specific event.
Proposal 15: In event-based reporting, UE provides an indication to network on which reporting configurations should be activated, a dedicated L1 signal, SR, can be used to indicate that event has occurred and reported information is provided in a MAC CE. 
Measurement and Reporting Configuration Framework
In RAN1 #112, the following alternative options for L1 measurement configurations were sent to RAN 2/3 for their further consideration for the relevant RRC configuration:
· Option 1) Configurations for L1 measurement RS is provided under ServingCellConfig for the serving cells
· is useful to reuse the mechanism for Rel-17 ICBM and necessary information to support inter-frequency measurement will be added there.
· Option 2) Configurations for L1 measurement RS is provided separately from ServingCellConfig for the serving cells and CellGroupConfig for the candidate cells
· is useful to avoid the duplicated configurations for L1 measurement RSs, [and avoid UE to process configurations for L1 measurement RS provided under CellGroupConfig for the candidate cells]
· Option 3) Configurations for L1 measurement RS is provided under CellGroupConfig for the candidate cells
· can achieve the similar benefit as Option 2) by directly referring to the candidate cell configurations
Our preference is option 2 as this avoids the processing of duplicated L1 measurement RS configurations upon cell switches which is beneficial for dynamic switching (benefit compared to option-1) and also does not require the UE to process other candidate cell configurations to acquire respective cells’ L1 measurements RS configurations (benefit compared to option-3). However, providing the L1 measurement RS configurations of multiple candidate cells (e.g., 7 candidate cells) together in a common/reference information element (outside of ServingCellConfig for the serving cells and CellGroupConfig for the candidate cells) may require including a large set of RSs associated with different LTM candidate cells. In order to limit the number RSs to be measured by the UE and also to limit the size of a report (e.g., RS ID bit-width) a smaller sub-set should be selected for the UE measurements at any time. It would be beneficial to introduce a dynamic activation/configuration of a sub-set of RSs from the common configuration. For example, the serving cell can indicate a set of LTM candidate cells (e.g., using LTM candidate cell/configuration identification) for which the associated RSs given in the common configuration are considered as activated for L1 measurements which can be updated dynamically later in the same manner, e.g., as the UE moves. 
Proposal 16: With a common configuration of L1 measurement RSs of LTM candidate cells, a MAC-CE indicating a sub-set of RSs (e.g., RSs associated with indicated sub-set of candidate cells) can be used to activate a small set of RSs for L1 measurements. 
In RAN1 #112, the issue of reporting configuration was also mentioned but couldn’t be discussed because of the time constraint [3]. For the reporting configuration, since the reporting of L1 measurements needs to be done only to the serving (e.g., via using serving cell’s uplink resources), reporting configuration can be a cell specific configuration. In other words, reporting configuration which may contain for example, uplink resources to be used for reporting, measurement gap configuration to enable inter-frequency measurements, indication of RSs/candidate cells for reporting selected from the common L1 measurement RS configuration, does not need to be part of the common/reference configuration, i.e., it can be given within the serving cell config of each cell. 
Proposal 17: Reporting configuration for LTM can be a cell specific configuration which includes:
· reporting configuration providing the uplink resource configuration 
· measurement gap configuration for inter-frequency measurements  
· a set of initial activated RSs/cells (which can be updated later with MAC-CE) from the common configuration of L1 measurement RSs to consider for measurements.
Beam Indication of Candidate Cell(s)
In RAN1, the following agreements have been made in the last two meetings on the beam indication aspect:

RAN1 111
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 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). 

RAN1 112
Agreement
· The agreement on scenario 2 (Beam indication together with cell switch command) at RAN1#111 is further clarified as the following:
· Beam indication for the target cell(s) is conveyed in the MAC CE used for LTM triggering for scenario 2
Agreement
· At least for Rel-17 unified TCI framework based beam indication included in cell switch command (i.e. scenario 2), beam indication applies to signals/channels that follow or are configured to follow Rel-17 unified TCI at the target cell(s) 
· FFS: beam indication for mTRP case


In the last RAN1 meeting, it became apparent that most of the companies preferred to support only Rel-17 uTCI based beam Indication mechanism. Considering the majority view, we provide our views on the open issues and some potential solutions when a Rel-17 uTCI based beam Indication mechanism is employed for Rel-18 LTM. However, in the last sub-section, we also include our views on the benefit of employing a simpler beam indication solution for Rel-18 LTM which is more general and can work irrespective of any TCI framework. 
TCI State Configuration 
In order to provide a beam indication for the target cell, at least for the Rel-17 unified TCI framework, a pre-configuration of TCI states is needed. The configuration framework to be used for L1 measurement RSs of candidate cells may also be used for TCI state configuration. As we mentioned for L1 measurement RS configuration, the best option to provide such configuration is in the common/reference RRC configuration (outside of a serving/candidate cell configuration) which the UE may be able to retain across multiple cell switches. In the common/reference RRC configuration, either multiple TCI state pools with one TCI state pool (e.g., independent TCI state list) for each LTM candidate cell or a common/single TCI state pool containing the TCI states from all the candidate cells may be configured. The details of this configuration can be left to RAN2. 
In case of an initial LTM configuration of a large set of TCI states, e.g., in order to cover sufficient number of TCI states to allow LTM based mobility, it would be beneficial to enable an intermediate dynamic filtering to provide a selected list (e.g., a sub-set) of TCI states from the initial large set of TCI states which can be used as reference for further TCI activation and indication. For example, a sub-set of LTM candidate cells may be selected based on the UE’s current radio conditions, and then a MAC-CE may be used to indicate the UE about the selected list of candidate cells. The UE may filter out the TCI states associated with the selected candidate cells and may only consider those as reference TCI states for further activation/indication. 
Proposal 18: With a common configuration of TCI states associated with multiple candidate cells, a MAC-CE indicating a sub-set of TCI states (e.g., TCI states associated with indicated sub-set of candidate cells) can be used to select a small set of TCI states which can be used for further TCI activation and indication.
TCI State Activation for Rel-17 uTCI based Beam Indication
In the last RAN1 meeting, for the Rel-17 unified TCI framework-based beam indication included in cell switch command (i.e. scenario 2), it was discussed whether a TCI activation before the beam indication should be supported or not. An early TCI activation (e.g., before the beam indication) for the target cell would be beneficial to reduce the handover latency (after the cell switch command is given) as there is a certain delay requirement [section 8.10, 38.133] for the UE to switch and start using an activated TCI state. Pre activation would allow the UE to start tracking the reference signal associated with the activated TCI states early on and that would shift the handover delay before the cell switch while the UE is still connected with the serving cell. 
Proposal 19: For Rel-17 unified TCI based beam indication in the cell switch command, TCI state activation before beam indication is supported. 
A TCI activation command for LTM candidate cell may indicate the LTM candidate cell and the associated TCI states to be activated. Furthermore, in order to differentiate the TCI activation/indication for LTM candidate cells from the TCI activation/indication for intra/inter-cell beam management within the serving cell, the same unified TCI activation command may be used with an additional explicit or implicit indication to indicate the UE that for which of the two scenarios (LTM or intra/inter-cell BM) this activation command is applicable for.   
Proposal 20: TCI activation command for LTM candidate cell may indicate the LTM candidate cell and the associated TCI states to be activated.
Proposal 21: Rel-17 unified TCI activation command can be used with an additional explicit or implicit indication to indicate the UE that for which of the two scenarios (LTM or intra/inter-cell BM) this activation command is applicable for.
Also, it needs to be clarified that what should be the UE assumption on the activated TCI states upon the cell switch. For example, upon receiving the cell switch command, when the UE enters the target cell (new serving cell), the UE may consider the TCI states of the target cell activated before the cell switch as valid for intra/inter-cell beam management within the target cell (that is the new serving cell). For all other cells, the TCI states are not considered to be active anymore. In another option, the UE may retain the all the activated TCI states. This may also be configured/indicated (e.g., in RRC or in the cell switch command) whether the activated TCI states are to be maintained/retained after the cell switch. The configuration can be cell specific. 
Proposal 22: RAN1 to select one or more of the following alternatives on the UE assumption for activated TCI states upon the cell switch. 
· Alt-1: Upon the cell switch to the target cell, UE may consider the TCI states of the target cell activated before the cell switch as valid for intra/inter-cell beam management within the target cell. For all other candidate cells, the TCI states are not considered to be active anymore.
· Alt-2: Upon the cell switch, UE may retain the all the activated TCI states given before the cell switch.
· Alt-3: The UE may be configured (e.g., in RRC or in the cell switch command) whether the activated TCI states are to be maintained/retained after the cell switch. The configuration can be cell specific.
TCI Sate Indication (Beam Indication)
With the LTM specific TCI state configuration and activation, a beam indication before the cell switch command (scenario 1) can also be supported. Since the beam indication would be specific to a TCI state which is activated for an LTM candidate cell, the UE would not apply such indication until the cell switch command is received. In such a scenario, cell switch command does not need to carry the beam indication again.
Proposal 23: With LTM specific TCI state configuration and activation, scenario 1 (beam indication before the cell switch command) can be supported. 
· Note: UE would not apply an LTM specific beam indication until the cell swich command is received.
Since the UE may receive multiple TCI activation commands, including both for LTM and intra/inter-cell BM within the serving cell, the UE may be configured to either consider a combined list of all the activated TCI states including both for LTM and intra/inter-cell BM within the serving cell or separate lists, i.e., one combined list of LTM specific activated TCI states, one for intra/inter-cell BM within the serving cell. In the combined list approach, each TCI state activation command is applied in addition to the existing (list/set of) TCI State activations in sequential order. Note that at any point, the total number of activated TCI states (considering both for intra/inter-cell BM and LTM) may be limited based on the UE capability. 
If one combined list of activated TCI states including both for LTM and intra/inter-cell BM within the serving cell is maintained, then a beam indication for LTM, given either in the cell switch command (scenario 2), or in the DCI (before the cell switch command, scenario 1), can indicate an LTM specific TCI code point from the combined list. When the beam indication is sent in the cell switch command (scenario 2), it can contain either the TCI state ID or a codepoint for one of the activated TCI states. In another option, when the activated TCI states for LTM are maintained separately from the intra/inter-cell BM, an additional indication (a flag or/and LTM candidate cell ID), specially for the scenario 1 (beam indication before the cell switch command) may be given to the UE so that the UE may consider only LTM specific activated TCI states to map the given TCI code point as the beam indication.   
Proposal 24: RAN-1 to study the following options for the TCI activation and indication in Rel-18 LTM:
· Alt-1: A combined list of activated TCI states including both for LTM and intra/inter-cell BM within the serving cell is maintained.
· a beam indication for LTM, given either in the cell switch command (scenario 2), or in the DCI (before the cell switch command, scenario 1), can indicate an LTM specific TCI state from the combined list
· Alt-2: a list of activated TCI states for LTM are maintained separately from the intra/inter-cell BM,
· an additional indication (a flag or/and LTM candidate cell ID), specially for the scenario 1 (beam indication before the cell switch command) may be given to the UE so that the UE may consider only LTM specific activated TCI states to map the given TCI code point as the beam indication
· Note: the total number of simultaneous activated TCI states (considering both for intra/inter-cell BM and LTM) may be limited based on the UE capability.

Proposal 25: When the beam indication is sent in the cell switch command (scenario 2), it can contain either the TCI state ID or a codepoint for one of the activated TCI states for LTM.

Beam Indication after the cell Switch Command (Scenario 3)
In RAN1 we have agreed to support early TA acquisition for Rel-18 LTM (under the other agenda item); however, in RAN2 [4], RACH procedure with the target cell after the cell switch command is still considered as a fallback operation when the TA is not available at the UE. If the RACH procedure with the target cell after the cell switch command is supported for LTM as a fallback TA acquisition mechanism, then the beam indication after the cell switch command (i.e., scenario 3) can also be supported with that. This may provide the network more flexibility where the network may decide to not provide any beam activation and indication to the UE. After the cell switch command is received, the UE may use RACH procedure with the target cell to obtain the initial QCL assumption for the target cell’s DL/UL signals/channels. For better handling of this scenario 3 along with the scenario 2, the cell switch command could include an indication whether there is a beam indication is present or not in the command, and if the UE is required to perform the RACH procedure upon the cell switch and hasn’t received any prior beam indication (e.g., scenario 1), then the UE may acquire initial QCL assumption with the RACH procedure.
Observation 6: RACH procedure after the cell switch is still being considered as a fall-back operation for LTM. In such scenarios, the UE can obtain the initial QCL assumption for the target cell’s DL/UL signals/channels from the RACH procedure. 
Proposal 26: Scenario 3 for timing of beam indication is also supported. In such scenarios, the UE can be indicated whether there is a beam indication is present or not in the cell switch command.

A Simpler Beam Indication Mechanism to support both Rel-15/17 TCI Framework
It may be common to configure different cells with different TCI state frameworks (Rel-15 or Rel-17), e.g., the serving cell and a candidate cell may use different TCI state frameworks. One single TCI framework may not be able to be used for beam indication, e.g., in case the target cell (i.e., selected candidate cell for handover) tries to interpret the indicated TCI state based on its own (target cell) configured TCI state pools/lists. For example, a TCI state indicated from the serving cell configuration may not be valid or applicable with respect to the target cell configuration once the UE switches to that cell. Therefore, a pragmatic approach would be to develop a beam indication for Rel-18 LTM which can work for any kind of TCI frameworks.  
Observation 7: Different cells may be configured with different TCI frameworks (Rel-15 or Rel-17), e.g., the serving cell and a candidate cell may use a different TCI state framework.
Proposal 27: Beam indication for candidate cell(s) in Rel-18 LTM should be designed such that it can work for any TCI framework, including the scenarios when serving cell and target cell support the same TCI framework (Rel-15 or Rel-17) or the different TCI framework (e.g., one Rel-15 and other one Rel-17).
To enable that one of the potential simple approaches is the UE may be configured such that, once it receives a mobility trigger relating to that target cell, it may consider the TCI State of that target cell to be essentially unknown (e.g., not indicated), or not specifically set, yet still leverage the information provided by the serving cell in relation to that target cell. Such an approach has benefits in relation to support of mobility scenarios since the beam management framework for the target cell does not need to be the same as in the source cell (i.e., the beam indication framework can be R17 in source cell and R15 in target cell and the mobility still works). Furthermore, a UE does not need to be specifically indicated a TCI state that is applied for the target cell (in target cell configuration) before the mobility trigger, thus allowing a reduction in latency in relation to a mobility event.
Before the cell switch, the UE may be provided at least a TCI state associated with the target cell which the UE can use to determine the DL RS indicated by the TCI state or the QCL source (i.e., SSB) of the RS indicated by the TCI state, without interpreting/mapping the TCI state ID to the target cell’s beam management configuration. Alternatively, simply a QCL source RS associated with the target cell can be provided as a beam indication directly to the UE. 
The determined RS (e.g., DL RS), via the provided TCI state or QCL source RS, can be used by the UE after the cell switch for monitoring at least one DL channel and/or transmission of at least one UL channel of the target cell. The UE can be configured to consider that once it has completed the RRC reconfiguration (i.e. the handover is complete), it has not been provided with an indication of a TCI state or has not received activation for any TCI state in relation to the target cell (BWP), but it can keep using the determined QCL assumption for monitoring/transmitting the DL/UL channels until it receives a new activation/beam indication from the new target cell. In one option, the UE could carry out the cell change related signalling using the QCL assumption associated with the mobility trigger. With this UE may be able to assume the QCL information of a TCI State for a target cell, before the target cell actually indicates UE to apply a TCI state. In other words, the UE does not need to be pre-activated with TCI States that it applies upon handover/cell switch, i.e., the beam indication does not have to refer to a candidate RRC configuration that is not yet active (before the handover). This could relax UE implementation requirements and simplify network signalling.
Proposal 28: In Rel-18 LTM, at least a TCI state or a QCL source RS associated with the target cell can be provided as a beam indication before the cell switch.
· UE can determine a DL RS via the provided TCI state or the QCL source RS for monitoring at least one DL channel and/or transmission of at least one UL channel of the target cell after the cell switch until it receives a new activation/beam indication from the new target cell. 
· The UE can be configured to consider that once it has completed the RRC reconfiguration (i.e. the handover is complete), it has not been provided with an indication of a TCI state or has not received activation for any TCI state in relation to the target cell.
The above approach would work for both scenarios, when serving cell and target cell support Rel-17 TCI framework and when at least one from the serving cell and the target cell supports Rel-15 TCI framework. 

Candidate Cell Procedures before Cell Switch
DL Synchronization
RAN1 has made the following agreement in RAN1 #111 [2] regarding the preparation for handover before reception of cell switch command:

 · 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


In RAN1 #112, the UE timing to trigger DL synchronization maintenance for a candidate cell was further discussed where the following alternatives were listed based on the different proposals:
· Alt.1 Two-step DL synchronization procedure
· UE maintains DL synchronization (to find frame boundary and for TA management) with SSB after L1 measurement and then
· gNB activates TCI state(s), and then the UE starts DL synchronization (for PDSCH/PDCCH reception) with the QCL source of the TCI states
· Alt.2-1 One-step DL synchronization procedure
· UE maintains DL synchronization (to find frame boundary and for TA management) with SSB after L1 measurement
· Alt.2-2 One-step DL synchronization procedure
· gNB activates TCI state(s), and then UE starts DL synchronization (for PDSCH/PDCCH reception) with the QCL source of the TCI states
The UE may be needed to acquire the DL synchronization for more than one potential candidate target cells, but at the same time, the UE may have limited capability in terms of tracking/maintaining DL synchronization with multiple candidate cells. Therefore, the UE should be known about the candidate cells with which the DL synchronization maintenance need to be performed. One simple option is to provide the UE with a list of candidate cells. However, there can other ways where this can be achieved implicitly with less signalling support. For example, the UE may be configured to maintain the DL synchronization with the ‘X’ (where X <= N, i.e., maximum number of cells with which the UE can maintain the DL synchronization) recent strongest candidate cells. The strongest candidate cell may be determined based on the configured L1 measurements (e.g., SSB based L1-RSRP) where one or average over multiple measurements may be used. In terms of timing, Alt.2-1 option can be supported for this option. 
Since the early TA acquisition with PDCCH order has been agreed to support for LTM, another potential option is to select a candidate cell for DL synchronization maintenance for which a PDCCH order has been received. Since the serving cell would probably select an early UL synchronized cell, it may be an efficient way to filter appropriate potential candidate cells for DL synchronization. The UE may be configured to maintain the DL synchronization with the X cells (<=N) for which the PDCCH orders have been received recently. In terms of timing, Alt.2-1 can be supported with this option. 
If TCI activation is given for the target cell before providing the beam indication, then another potential option is to select a candidate cell for DL synchronization maintenance for which at least one TCI activation has been received. The UE may be configured to maintain the DL synchronization with the X cells (<=N) for which the at least one active TCI state info has been received recently. In terms of timing, Alt.2-2 can be supported with this option.
Proposal 29: Candidate cells for DL synchronization maintenance can be indicated to the UE:
· Option-1 – ‘X’ strongest candidate cells (e.g., based on SSB based L1-RSRP measurements)
· For the selected candidate cell, UE maintains DL synchronization with the strongest SSB after L1 measurement.
· Option-2 – ‘X’ candidate cells for which at least one PDCCH order has been received
· For the selected candidate cell, UE maintains DL synchronization with the SSB given in the PDCCH order .
· Option-3 – ‘X’ candidate cells for which at least one TCI state has been activated (if TCI activation before the beam indication is supported)
· For the selected candidate cell, UE maintains DL synchronization with the DL RS associated with the activated TCI state (FFS: if multiple TCI states are activated). 
· X <= N, where N is the UE capability for the maximum number of candidate cell for DL synchronization maintenance. 
CSI Acquisition and TRS Tracking
In addition to DL synchronization, there can be additional procedures for a candidate cell such as TRS measurements and CSI acquisition which can be beneficial to be performed before the cell switch to minimize the interruption due to cell switch.  
In terms of TRS measurement(s), since the QCL-type A source reference signal for PDCCH/PDSCH is typically a TRS, support of early TRS tracking for candidate cell(s) would be beneficial. Besides that, it is also useful for fine time-frequency tracking of the candidate cell(s) (as compared to via SSB measurements). Similarly, since one of the motivations of Rel-18 LTM is to maintain high data transmission efficiency and reliability in the process of fast cell switch, early CSI acquisition for the candidate cell(s) would be beneficial so that the UE would be able to use high data link with the target cell immediately after the cell switch. 
As discussed in the section 2.1.1 for the configurations of CSI-RSs for BM of candidate cells, similarly RAN1 can study mechanisms to efficiently configure the TRS and CSI-RS for CSI of candidate cell(s) relevant to the UE; otherwise, TRS and CSI-RS configuration given by the candidate cell may be in the directions not relevant to the UE or may be configured in all possible directions which would incur unnecessary network overhead, and also UE may need to perform measurements on a larger set of TRSs and CSI-RSs than needed. As mentioned in the section 2.1.1, similar mechanism(s) using SSB measurements for configuring the appropriate TRS can be used. 
Moreover, for the CSI acquisition, the derived CSI at the UE for a candidate cell should be fed back to the candidate cell so that the candidate cell can use that information after the cell switch in case the UE is hand overed to this candidate cell. Since before the cell switch there is no direct communication link established between the UE and the candidate cell, the acquired CSI by the UE should be sent to the candidate cell via the serving cell which can further require coordination via CU in case the candidate cell is from another DU.  
Proposal 30: For Rel-18 LTM, early TRS tracking and CSI acquisition for candidate cell(s) can be supported.
· Study mechanism(s) to configure TRSs or/and CSI-RS of a candidate cell relevant to the measuring UE. For the CSI acquisition, the derived CSI of a candidate cell is sent to the serving cell which will be forwarded to the candidate cell (via CU in case of inter-DU scenarios). 
Conclusion
In this contribution, we discuss the details of different components of Rel-18 LTM including L1 measurement and reporting configuration, beam indication of target cell, and candidate cell procedures which can be performed before cell switch. The following observations and proposal have been made:
Proposal 1: For RS configuration for SSB based L1-RSRP measurement, SSB transmission power is also configured for the path loss calculation.
Proposal 2: For Rel-18 LTM, L1-RSRP using CSI-RS for beam management can be supported for L1 measurement of a candidate cell.
Proposal 3: For CSI-RS based L1-RSRP measurement, at least parameters including resource mapping within a slot (# ports, OFDM symbols, CDM type, subcarrier occupancy), periodicity, slot offset, scrambling ID, QCL source info can be provided to the UE. 
· Associated candidate cell identity can either be provided explicitly or implicitly where for the implicit manner, the candidate cell associated with the QCL source can be used. 
Observation 1: Without any additional information of the UE (e.g., location), a candidate cell’s CSI-RS configuration may not contain CSI-RSs relevant for the measuring UE. 
Proposal 4: If CSI-RS measurements with a candidate cell are supported, RAN1 to study mechanism(s) for the configuration of CSI-RSs of a candidate cell relevant to the measuring UE with minimal overhead. 
Proposal 5: Whether/how to support L1-SINR can be discussed after the decision on whether CSI-RS measurements are supported or not supported for the candidate cells.
Proposal 6: As a starting point, the maximum number of reported RS in a single reporting instance is 4.
Proposal 7: Consider a reporting format where beams of the serving cell and the candidate cell are reported in specific limits in the report.
Proposal 8: In a reporting instance, M beams associated with the candidate cells are selected based on:
· Alt-1: M strongest beams over all the candidate cell (associated with the same or different candidate cells).
· Alt-2: One beam from each of the M strongest candidate cells.
Proposal 9: In a reporting instance, beams from the synched candidate cells (for which the valid TA information is available) are prioritized over the non-synced candidate cells (for which the valid TA information is not available).
Proposal 10: Support periodic and semi-persistent CSI reporting using PUCCH for Rel-18 LTM.
Proposal 11: Rel-17 ICBM and inter-cell mTRP L1 reporting format with one absolute 7-bit RSRP and remaining 4-bit differential RSRP value (relative to the absolute value) can be reused for Rel-18 LTM.
Proposal 12: To limit the bit-width size of SSB-index or CRI, similar constraint as in Rel-15/17 on the maximum number of measurement RSs for a reporting configuration can be reused.
Observation 2: Enabling Rel-17 group-based beam reporting for a candidate cell in order to trigger a mTRP operation may be useful.    
Proposal 13: Define event (e.g. A3/A4/A5) based on L3 measurements where UE determines to start performing L1 measurement on pre-configured L1 measurement RS and reporting using the currently active reporting configuration for which the measurement RS are associated.
Observation 3: MAC CE based reporting will provide most flexible container option for event-based reporting. MAC CE based reporting can be carried out using the available UL grant or resources can be requested by currently specified means i.e., SR/CBRA. 
Proposal 14: For the UE event-based reporting, support at least MAC CE as a reporting container.
Observation 4: If the event triggers UE to perform L1 measurements for active/existing L1 reporting configuration, the indication of event is not needed.
Observation 5: Dedicated L1 signaling (SR) could be used to indicate that UE intents to provide more information for a specific event.
Proposal 15: In event-based reporting, UE provides an indication to network on which reporting configurations should be activated, a dedicated L1 signal, SR, can be used to indicate that event has occurred and reported information is provided in a MAC CE.
Proposal 16: With a common configuration of L1 measurement RSs of LTM candidate cells, a MAC-CE indicating a sub-set of RSs (e.g., RSs associated with indicated sub-set of candidate cells) can be used to activate a small set of RSs for L1 measurements.
Proposal 17: Reporting configuration for LTM can be a cell specific configuration which includes:
· reporting configuration providing the uplink resource configuration 
· measurement gap configuration for inter-frequency measurements  
· a set of initial activated RSs/cells (which can be updated later with MAC-CE) from the common configuration of L1 measurement RSs to consider for measurements.
Proposal 18: With a common configuration of TCI states associated with multiple candidate cells, a MAC-CE indicating a sub-set of TCI states (e.g., TCI states associated with indicated sub-set of candidate cells) can be used to select a small set of TCI states which can be used for further TCI activation and indication.
Proposal 19: For Rel-17 unified TCI based beam indication in the cell switch command, TCI state activation before beam indication is supported.
Proposal 20: TCI activation command for LTM candidate cell may indicate the LTM candidate cell and the associated TCI states to be activated.
Proposal 21: Rel-17 unified TCI activation command can be used with an additional explicit or implicit indication to indicate the UE that for which of the two scenarios (LTM or intra/inter-cell BM) this activation command is applicable for.
Proposal 22: RAN1 to select one or more of the following alternatives on the UE assumption for activated TCI states upon the cell switch. 
· Alt-1: Upon the cell switch to the target cell, UE may consider the TCI states of the target cell activated before the cell switch as valid for intra/inter-cell beam management within the target cell. For all other candidate cells, the TCI states are not considered to be active anymore.
· Alt-2: Upon the cell switch, UE may retain the all the activated TCI states given before the cell switch.
· Alt-3: The UE may be configured (e.g., in RRC or in the cell switch command) whether the activated TCI states are to be maintained/retained after the cell switch. The configuration can be cell specific.
Proposal 23: With LTM specific TCI state configuration and activation, scenario 1 (beam indication before the cell switch command) can be supported. 
· Note: UE would not apply an LTM specific beam indication until the cell swich command is received.
Proposal 24: RAN-1 to study the following options for the TCI activation and indication in Rel-18 LTM:
· Alt-1: A combined list of activated TCI states including both for LTM and intra/inter-cell BM within the serving cell is maintained.
· a beam indication for LTM, given either in the cell switch command (scenario 2), or in the DCI (before the cell switch command, scenario 1), can indicate an LTM specific TCI state from the combined list
· Alt-2: a list of activated TCI states for LTM are maintained separately from the intra/inter-cell BM,
· an additional indication (a flag or/and LTM candidate cell ID), specially for the scenario 1 (beam indication before the cell switch command) may be given to the UE so that the UE may consider only LTM specific activated TCI states to map the given TCI code point as the beam indication
· Note: the total number of simultaneous activated TCI states (considering both for intra/inter-cell BM and LTM) may be limited based on the UE capability.
Proposal 25: When the beam indication is sent in the cell switch command (scenario 2), it can contain either the TCI state ID or a codepoint for one of the activated TCI states for LTM.
Observation 6: RACH procedure after the cell switch is still being considered as a fall-back operation for LTM. In such scenarios, the UE can obtain the initial QCL assumption for the target cell’s DL/UL signals/channels from the RACH procedure. 
Proposal 26: Scenario 3 for timing of beam indication is also supported. In such scenarios, the UE can be indicated whether there is a beam indication is present or not in the cell switch command.
Observation 7: Different cells may be configured with different TCI frameworks (Rel-15 or Rel-17), e.g., the serving cell and a candidate cell may use a different TCI state framework.
Proposal 27: Beam indication for candidate cell(s) in Rel-18 LTM should be designed such that it can work for any TCI framework, including the scenarios when serving cell and target cell support the same TCI framework (Rel-15 or Rel-17) or the different TCI framework (e.g., one Rel-15 and other one Rel-17).
Proposal 28: In Rel-18 LTM, at least a TCI state or a QCL source RS associated with the target cell can be provided as a beam indication before the cell switch.
· UE can determine a DL RS via the provided TCI state or the QCL source RS for monitoring at least one DL channel and/or transmission of at least one UL channel of the target cell after the cell switch until it receives a new activation/beam indication from the new target cell. 
· The UE can be configured to consider that once it has completed the RRC reconfiguration (i.e. the handover is complete), it has not been provided with an indication of a TCI state or has not received activation for any TCI state in relation to the target cell.
Proposal 29: Candidate cells for DL synchronization maintenance can be indicated to the UE:
· Option-1 – ‘X’ strongest candidate cells (e.g., based on SSB based L1-RSRP measurements)
· For the selected candidate cell, UE maintains DL synchronization with the strongest SSB after L1 measurement.
· Option-2 – ‘X’ candidate cells for which at least one PDCCH order has been received
· For the selected candidate cell, UE maintains DL synchronization with the SSB given in the PDCCH order .
· Option-3 – ‘X’ candidate cells for which at least one TCI state has been activated (if TCI activation before the beam indication is supported)
· For the selected candidate cell, UE maintains DL synchronization with the DL RS associated with the activated TCI state (FFS: if multiple TCI states are activated). 
· X <= N, where N is the UE capability on the maximum number of candidate cell for DL synchronization maintenance.
Proposal 30: For Rel-18 LTM, early TRS tracking and CSI acquisition for candidate cell(s) can be supported.
· Study mechanism(s) to configure TRSs or/and CSI-RS of a candidate cell relevant to the measuring UE. For the CSI acquisition, the derived CSI of a candidate cell is sent to the serving cell which will be forwarded to the candidate cell (via CU in case of inter-DU scenarios).
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