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[bookmark: _Ref513464071]Introduction
In RAN1 #112b-e, 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
· Adopt Alt.2 for beam indication of target cell(s) and TCI state activation for candidate cell(s) (if supported)
· Alt. 1: By indicating RS identifier, i.e., mapping between RS identifier and Rel-17 unified TCI state is done by a UE.
· Alt. 2: By indicating Rel-17 TCI state index.
Agreement
From RAN1 point of view, at least the following information can be included in the cell switch command, which is conveyed by MAC CE
· Information to identify the target cell(s)
· The details including bit number are designed by RAN2.
· TA related information (details up to the discussion in A.I. 9.10.2)
· 1 joint or 1 pair of UL and DL unified TCI State index for the target Cell.
· Note: discussion on target SpCell is not precluded
· Active DL and UL BWPs for the target cell
· FFS: Triggering of aperiodic TRS transmitted from the target cell
· FFS: Triggering the CSI acquisition of the target cell and reporting to the target cell
· FFS: Triggering of aperiodic SRS transmission to the target cell
· FFS: C-RNTI
FFS: the presence of each field (i.e., always present or configurable)

Agreement
[bookmark: _Hlk134694882]For the beam selection for SSB based L1-RSRP measurement report,
· Beam selection is performed across the L cells from configured (or activated, if introduced) cells, i.e., M beams for each of the L cells 
· FFS: How to select the L cells and M beams per cells is up to UE
· M x L beams are reported in a single report instance
· Max values of M and L are based on UE capability, and at least M x L=4 is supported as a UE capability, other UE capabilities are FFS 
· FFS if UE is allowed to report less than M x L beams. 
· The values of M and L are configured to the UE in the reporting configuration. 
· FFS: The following configurability is introduced in the report configuration
· 1) Whether serving cell is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2
· 2) at least one of the inter-frequency cells is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2 and at least one cell in inter-frequency
Agreement
For the Rel-17 unified TCI based beam indication in Rel-18 LTM, at least Alt 1 is supported:
· Alt 1: TCI state activation of a candidate cell is received before the reception of beam indication of the candidate cell, 
· Alt 2: TCI state activation of a candidate cell is received together with the reception of beam indication of the candidate cell.
· FFS: signalling details for TCI state indication, if both activation and indication are done in the same MAC CE message carrying switch command
· Alt 3: Alt 1 and/or Alt 2 can be supported based on the UE capability.
FFS: signalling details for TCI state activation
FFS: For Alt 1, whether/how TCI state activation for candidate cell(s) is allowed
Note: If scenarios 1 and 3 are to be supported other beam indication/TCI activation timing relationships are not precluded.

Agreement
· Periodic and semi-persistent report on PUCCH are also supported for gNB scheduled L1-measurement reporting.

Agreement
· RRC parameter ss-PBCH-BlockPower for candidate cells is included in the LTM configuration.
· UE needs the parameter to (at least) perform RACH towards candidate cells.
· Note: how to capture this parameter and RRC structure are up to RAN2
Agreement
Companies are encouraged to study the beam application time for Rel-18 LTM, which may be different from that without serving cell change.
· Definition of the beam application time
· The exact value(s), condition, and UE capability
· Consider the interaction with the application of the candidate RRC configuration.
Conclusion
Whether active DL and UL BWP of the target Cell/SpCell field, within the cell switch command, is always present or not is left to RAN2 decision.

Working Assumption
On the presence of beam indication within cell switch command, at least for scenario 2, following is supported:
· A field to indicate 1 joint or 1 pair of UL and DL unified TCI State index for the target cell field is always present in the cell switch command.
Note: If scenarios 1 and 3 are agreed to be supported in R18 LTM other solutions may be considered.

Agreement
· Send an LS to RAN2,3,4 on the RAN1 agreements in this meeting.
· All agreements in AI 9.10.1 and 9.10.2 in RAN1#112bis-e are included.
· The following contents are included in the LS.
· RAN1 has made the following agreement in RAN1#112bis-e.
· Adopt Alt.2 for beam indication of target cell(s) and TCI state activation for candidate cell(s) (if supported),
· Alt. 1: By indicating RS identifier, i.e., mapping between RS identifier and Rel-17 unified TCI state is done by a UE.
· Alt. 2: By indicating Rel-17 TCI state index.
· This agreement implies that the source cell must be provided with information so that the source cell can send a Rel-17 TCI state index of the target/candidate cell(s) to the UE even when source cell and target/candidate cell(s) belong to different DUs. RAN1 respectfully asks RAN3 to perform any necessary specification work to support this functionality.




Discussion
L1 measurement configuration and reporting
It has been agreed in RAN2 that a L1/L2 inter-cell mobility candidate configuration is received within an RRC message before the L1/L2 dynamic switch is triggered. 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. 
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: A subset of the configured candidate cells are activated for measurements.

Measurement RS
One discussion that needs to be concluded is whether to support CSI-RS based L1 measurement in addition to SSB based measurement. Our view is that CSI-RS can be supported as measurement RS due to certain advantages they provide such as narrower beams and higher scheduling flexibility. However, CSI-RS measurement may incur higher overhead on the UE and techniques to reduce the overhead should be considered if CSI-RS are supported.
Proposal 2: Consider supporting CSI-RS as measurement RS for inter-cell beam management.
When CSI-RS are supported, there has been proposals to also support L1-SINR as a measurement quantity in addition to L1-RSRP. Since the benefit of L1-SINR over L1-RSRP for mobility is not clear, and L1-SINR measurement will further increase UE complexity, we do not think that it is necessary to support L1-SINR at this point.
Proposal 3: L1-SINR as a measurement quantity is not supported in Rel-18.

Cell subset selection/activation
As noted above, measuring all of the configured cells would cause a significant burden on the UE which is further increased with CSI-RS measurements. So, selection and consequent activation of a subset of the RRC configured candidate cells should be considered. This can be achieved by the UE detecting (possibly autonomously) and reporting the strongest SSBs. The serving cell, upon receiving this information, may consequently activate measurement of a subset of the configured cells where the measurements can now include measurements of CSI-RS from the activated cells. This approach, as well as reducing CSI-RS measurement overhead, would also enable the serving cell to choose and activate CSI-RS associated to the strongest SSBs.
Such reporting of the SSBs 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 4: Support reporting of strongest detected SSB resources in a 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 5: Support triggering of MAC CE measurement report when there is a change in the set of strongest detected SSB resources.
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. 
Proposal 6: Support dynamic update of L1 measurement resource configuration without RRC signaling.

Measurement report
In RAN1 #112b-e, RAN1 discussed and agreed on the contents of the L1 measurement report. According to this agreement, beam selection is performed over L configured (or activated, if agreed) cells and M beams from each cell are reported in a single report instance.  One of the FFS points of the agreement is how to select the cells and beams to report. The M beams for cell can be the beams with the largest measured L1-RSRP value. As for the cell selection, a cell-level beam quality metric can be introduced.
Proposal 7: The M beams for each of the L cells are the beams with the largest measured L1-RSRP value.
Proposal 8: Consider a cell-level beam quality metric for selection of the L cells.
One other open issue is whether serving cell is always selected to report. Although the NW has other means to gather L1 measurements of the serving cell, e.g., using beam management procedures, it would be useful to provide the NW with a contemporary picture of serving and candidate cells in a single report. So, we prefer the serving cell to be always reported.
Proposal 9: Serving cell is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2.
Another FFS point of the agreement is whether at least one of the inter-frequency cells is always selected. 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 largest L1-RSRP on a frequency is higher than a threshold relative to the best intra-frequency beam. In addition, when the best intra-frequency result is sufficiently high it is typically not necessary to report for other frequencies.
Proposal 10: An inter-frequency L1-RSRP measurement result is included in a L1 report if the inter-frequency L1-RSRP is an offset larger than the best intra-frequency L1-RSRP.
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 11: RRC configures a separate set of resources for channel measurement for each frequency.
Proposal 12: 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 only L3 measurements support event trigged report. L3 reporting is not efficient enough to support LTM execution, e.g., due to relatively long filtering delay and reporting delay. Therefore, in order to improve the mobility latency while keeping CSI reporting overhead to a reasonable level, L1/L2 based reporting can be used.
Proposal 13: L1 UE triggered reporting is supported at least for reporting detected cells in a carrier. 
Since MAC CE is transmitted on PUSCH, this would be the most reasonable choice for transmission of a UE triggered L1 report.

Beam indication 
In RAN1 #111, the following was agreed for beam indication:
	· 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). 



From the above scenarios, Scenario 3 does not help reduce latency so can be excluded from further consideration. Regarding Scenario 1, it can already be supported if ICBM is configured in the cell. If ICBM is not configured, additional signaling (either a MAC CE or PDCCH) has to be supported for beam indication before cell switch. It can be argued that if beam is indicated before the cell switch command, the UE may be able to estimate the QCL properties associated to the beam, and this may help reduce latency after cell switch. However, if a subset of configured TCI states is activated, then the UE can estimate the QCL properties of the active TCI states in anticipation of using one of those states after cell switch. So, our view is that the benefit of indicating the beam before cell switch is not clear to warrant additional signaling. So, the following are proposed:
Proposal 14: Scenario 1 (beam indication before cell switch command) is supported only if ICBM is configured.
Proposal 15: Simultaneous operation of ICBM and LTM is supported with independent configuration and operation (e.g., separate TCI state pools).
Proposal 16: TCI state activation is supported for candidate cells.
Proposal 17: To indicate TCI states for multiple target cells, existing mechanisms are reused.

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. Regarding UE behavior, we think synchronization can be used to establish and maintain frame/symbol boundary. Fine synchronization (e.g., using the TRS) for the purpose of PDCCH/PDSCH reception can be achieved after activation of the corresponding TCI state(s).
Proposal 18: Support DL synchronization (symbol/frame boundary detection using SSB) before reception of cell switch for both intra-frequency and inter-frequency candidate cell(s).
Proposal 19: Support fine synchronization with candidate cells for PDSCH/PDCCH reception after TCI state activation.
Acquisition of the target cell before cell switch has also been proposed to reduce the delay after cell switch until the network can maximize throughput in the target cell. On the other hand, this could potentially also significantly increase the burden of the UE unless CSI acquisition 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.
Proposal 20: Support CSI acquisition at least for intra-frequency candidate cell(s) before reception of cell switch command.

Cell switch command
After the UE performs cell switch, it may need uplink resources to send a confirmation to the target cell. The uplink resource assignment can be included in the cell switch command. Alternative solutions such as UE transmitting a SR for uplink resources may result in larger latency.
Proposal 21: Cell switch command indicates an uplink resource for the target cell.
As discussed above, CSI acquisition of the target cell before cell switch may be beneficial. If this feature cannot be supported in Rel-18 (e.g., due to lack of time), an alternative solution may be to trigger aperiodic CSI by including a field in the cell switch command.
Proposal 22: Support aperiodic CSI trigger in cell switch command.

Beam failure recovery enhancements
When LTM is used, the UE can be dynamically indicated (with a MAC CE) to perform change of serving cell. This means that the network is prepared to allocate resources for that UE without RRC reconfiguration from any serving cell within the LTM 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 23: Support beam failure recovery on resources of non-serving cell.

Conclusion
This contribution proposed the following L1 enhancements to support L1/L2 triggered mobility in Rel-18:  
Proposal 1: A subset of the configured candidate cells are actively measured. 
Proposal 2: Consider supporting CSI-RS as measurement RS for inter-cell beam management.
Proposal 3: L1-SINR as a measurement quantity is not supported in Rel-18.
Proposal 4: Support reporting of strongest detected SSB resources in MAC CE.
Proposal 5: Support triggering of MAC CE measurement report when there is a change in the set of strongest detected SSB resources.
Proposal 6: Support dynamic update of L1 measurement resource configuration without RRC signaling.
Proposal 7: The M beams for each of the L cells are the beams with the largest measured L1-RSRP value.
Proposal 8: Consider a cell-level beam quality metric for selection of the L cells.
Proposal 10: An inter-frequency L1-RSRP measurement result is included in a L1 report if the inter-frequency L1-RSRP is an offset larger than the best intra-frequency L1-RSRP.
Proposal 11: RRC configures a separate set of resources for channel measurement for each frequency.
Proposal 12: L1 measurement report indicates which set(s) of inter-frequencies are included.
Proposal 13: L1 UE triggered reporting is supported at least for reporting detected cells in a carrier. 
Proposal 14: Scenario 1 (beam indication before cell switch command) is supported only if ICBM is configured.
Proposal 15: Simultaneous operation of ICBM and LTM is supported with independent configuration and operation (e.g., separate TCI state pools).
Proposal 16: TCI state activation is supported for candidate cells.
Proposal 17: To indicate TCI states for multiple target cells, existing mechanisms are reused.
Proposal 18: Support DL synchronization (symbol/frame boundary detection using SSB) before reception of cell switch for both intra-frequency and inter-frequency candidate cell(s).
Proposal 19: Support fine synchronization with candidate cells for PDSCH/PDCCH reception after TCI state activation.
Proposal 20: Support CSI acquisition at least for intra-frequency candidate cell(s) before reception of cell switch command.
Proposal 21: Cell switch command indicates an uplink resource for the target cell.
Proposal 22: Support aperiodic CSI trigger in cell switch command.
Proposal 23: Support beam failure recovery on resources of non-serving cell.
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