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1 Introduction

In RAN1#112 meeting [1], the following agreements were made for L1/L2 based inter-cell mobility.
	Agreement

· RAN1 shares the same understanding as RAN2 on agreement:

· The LTM mobility trigger information is conveyed in a MAC CE

· The same MAC CE is used for the LTM triggering.

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
· For L1-RSRP measurement RS configuration

· For 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

· Including above agreement into the LS
· 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. 

· Following RAN1 understanding will be provided in the LS

· RAN1 has discussed the following configuration options for L1 measurement configurations for SSB till RAN1#112: 

· Option 1) Configurations for L1 measurement RS is provided under ServingCellConfig for the serving cells

· is useful to reuses 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. 

· Note RAN2 has a full flexibility to design the whole RRC structure design.

· RAN1 believes this is RAN2 expert region, and respectfully asks RAN2 to finalize the RRC structure design after RAN1 finalizes the discussion on RRC parameters. 

· It is noted that RAN1 foresees the necessity of similar discussions on TCI state pool for candidate cells and L1 measurement report configurations. 

Agreement

· Send an LS to RAN2,3,4 on the RAN1 agreements in this meeting 

· All agreements in AI 9.12.1 and 9.12.2 in RAN1#112 are included

· The LS contents agreed in AI 9.12.1 (on L1 measurement configuration) and AI 9.12.2 (on RAR) are also included

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

Agreement

Draft LS R1-2302193 is endorsed in principle by appending latest agreements.

Agreement

Final LS R1-2302194 is endorsed.




In this contribution, we share our views on the potential L1 enhancements for inter-cell beam management.
2 Beam measurement 
Both intra-frequency and inter-frequency have been supported for L1/L2 mobility from RAN1 point of view. For L1 measurement, it has been agreed to use SSB as the measurement RS. For inter-frequency scenario, the measurement gap may be needed for L1 measurement. One open issue is whether to support other RS for L1 measurement, including CSI-RS for tracking, beam management, CSI and mobility, CSI-IM. The purpose of L1 measurement is to find the target cell for handover and candidate beams for transmission. Since CSI-RS for BM can provide more accurate beam measurement to improve the performance, CSI-RS for BM can be considered as the measurement RS for inter-cell beam measurement at least for L1 intra-frequency measurement. For L1 inter-frequency measurement, if measurement gap is needed, whether the measurement will degrade the performance of serving cell should be discussed.
Proposal 1: 
For L1 measurement for Rel-18 LTM, support CSI-RS for beam management as the measurement RS for intra-frequency scenario.
For candidate cell measurement of Rel-18 LTM, L1-RSRP has been agreed for both intra-frequency and inter-frequency L1 measurement. Regarding the L1-SINR reporting in Rel-16/17, UE may be configured with NZP CSI-RS or CSI-IM resources for interference measurement, and NZP CSI-RS is usually used for MU-MIMO interference measurement. For Rel-18 LTM, we think L1-SINR reporting with CSI-IM resources for interference measurement can be considered for intra-frequency scenario. For inter-frequency scenario, the potential impact of interference measurement with measurement gap should be discussed in RAN4. 
Proposal 2: 
For candidate cell measurement for Rel-18 LTM, support L1-SINR as report quantity for intra-frequency scenario.

In RAN1#110bis-e meeting, the issue of filtering to L1 measurement results has been discussed. The motivation of involving filtering is to avoid the “ping-pong”. Whether “ping-pong” should be considered is related to two aspects. One is the probability of “ping-pong”, and the other is the consequence of “ping-pong”. If L3 measurement is involved in preparation phase for candidate cell detection, the measurement of cell is already filtered by L3 measurement, the chances of “ping-pong” will be low. On the other hand, if the interruption time of L1/L2 triggered mobility is short, “ping-pong” will not be a big issue. Therefore, we propose to defer the issue of filtering until more details of candidate cell detection and handover latency reduction have been determined.
In the RAN1#112 meeting, the L1-RSRP measurement RS configuration was discussed. The following agreements have been achieved. But whether the transmission power is needed to be configured is till for further discussion. 
	Agreement
· For L1-RSRP measurement RS configuration

· For 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

· Including above agreement into the LS


From our understanding, after the early synchronization before cell switching, the PDCCH ordered RACH would be triggered. For the transmission of PRACH, UE should have the knowledge of Pathloss and target received power which are used to determine the transmit power of PRACH. The L1-RSRP measurement could be used for the DL pathloss measurement. Then the transmission power of the SSB should be informed to the UE. 

Proposal 3:

The transmission power should be provided to UE for the pathloss calculation.
3 Beam reporting

In current spec, the beam reporting is NW-initiated. Specifically, UE will report the quality of N beams among all the measured beams to the network, where N is configured by the network. In Rel-17 ICBM, the maximum number of reported beams is 4. For Rel-18 LTM, whether the maximum number of reported beams can be larger than 4 needs to be further discussed, since it is related to the number of candidate cells that the UE needs to perform L1 measurement. For the reporting container, it has been agreed to support the L1 measurement as UCI, and semi-persistent report on PUSCH and aperiodic report on PUSCH are supported. In our view, similar to Rel-17 ICBM, periodic and semi-persistent report on PUCCH can also be supported.
Proposal 4: 
For L1 measurement report for Rel-18 LTM, support periodic and semi-persistent report on PUCCH as UCI.

It is possible that there is no desirable beam from candidate cells in one reporting instance, but for NW-initiated beam reporting, the UE should report N beams to the network. Hence, it may cause large reporting overhead to the system. To reduce the reporting overhead, event-based or UE initiated beam reporting can be considered. Event-based report is widely used in legacy HO procedure, and several events have been defined to trigger the reporting. For example, the Event A3 is the neighbor becomes better than SpCell. A similar event as A3 can be used for Rel-18 LTM. When the condition of UE event is met, UE shall report the measurement results to the serving cell. For the necessity of involving filtered L1 measurement results or L3 measurement results, we think it is related to whether “ping-pong” should be considered. The motivation to involve filtered L1 or L3 measurement results is to avoid “ping-pong”. If “ping-pong” is not a big issue for L1/L2 triggered mobility, reporting the filtering results may not be necessary. For the container of event-based report, similar to BFR mechanism, MAC CE can be used to carry the measurement results. Event-based report can be viewed as a supplementary reporting for NW-initiated beam reporting, and simultaneous configuration of both UE event triggered and any of periodic/semi-persistence/aperiodic reporting can be supported.
Proposal 5: 
For Rel-18 LTM, event-based beam reporting can be supported with the following details.
· Reuse Event A3 as the starting point for defining the event
· Use MAC-CE to carry the measurement result
· The report is sent to serving cell
· Event triggered reporting and any of periodic/semi-persistent/aperiodic reporting can be configured simultaneously

During the offline discussion, the L1 measurement reporting for LTM was discussed. The proposal from FL was as below. 

	3.1.1.1.1 [FL proposal 5-2-1-v4]  Wed offline 

· For L1 measurement reporting for LTM,

· At maximum [4] beams (4 is a starting point, FFS: the values and UE capabilities) from candidate cell(s) [and serving cells] configured for measurement & reporting can be reported in a single report instance

· FFS whether the configured candidate cell(s) can be activated

· FFS how to choose the beams to be reported from multiple candidate cells, e.g. from all configured/activated candidate cells, from each candidate cell, from each group of candidate cells, from selected candidate cells 

· [Additionally/At least]1 beam from the serving cell is included in the report instance

· FFS: always included or depending on the gNB configuration


Considering that if maximum 7 candidate cells and at least 4 beams could be configured, the workload of UE measurement is tremendous. Although the measurement configuration of the 7 candidate cells can be configured to the UE, gNB can active only a subset of the candidate cells to relieve the workload of the UE based on its own information. For the beam reporting of the multiple candidate cells, both beam-level (from all the configured/activated candidate cells) and candidate cell-level reporting (one report corresponds to one candidate cell) have their advantage and drawbacks. The beam-level report can choose the best beams from the overall beams from the configured/candidate cells. It provides the best beam information but with the lowest overhead of reporting. The candidate cell level beam reporting provides not only the best beam from the cell but also the average beam performance information of the candidate cell, which would help gNB to decide whether it is proper for UE to switch to the candidate cell. From our understanding, choosing the beams for reporting from all configured/activated cells and from a selected candidate cells could be supported. And which of the two mechanisms to be choose can depend on gNB’s configuration. 
Proposal 6:

The activation of the configured candidate cell(s) should be supported to relieve the measurement load of the UE.

Proposal 7:

For choosing the beam for reporting from multiple candidate cells, either from all configured/activated candidate cells or from a selected candidate cells or the combination of the two schemes can be supported.
As proposed in the FL’s proposal, whether the beam reporting of the serving cell should be included is still under discussion. Our understanding is that the gNB can get the beam report of the serving cell from the normal measurement procedure. The benefit to include the beam of serving cell in the report instance is to provide a reference for the comparison with the beams from the candidate cells. The beam quality of the current serving cell may not be important if the gNB have the knowledge that the beams of serving cell are all worse than that of the candidate cells. Then whether the beam of serving cell should be included in the beam reporting for LTM could depends on the configuration or indication of the gNB.
Proposal 8:
At least one beam from the serving cell can be included in the beam report instance. Whether the beam of the serving cell can be reported depends on gNB’s configuration or indications.

4 Beam indication
For the timing of beam indication, the following scenarios have been proposed in RAN1#110bis-e meeting [2].  
-  Scenario 1: Beam indication before cell switch command
-  Scenario 2: Beam indication together with cell switch command

-  Scenario 3: Beam indication after cell switch command
In RAN1#111 meeting, Scenario 2 has been supported. In Rel-17 ICBM, the beam of candidate cell can be indicated to the UE without cell switch. In such a case, NW may first indicate the beam of the neighbor cell and then decide whether to handover to that cell. Therefore, beam indication before cell switch command can also be supported. In the last meeting, the unified TCI framework is supported for Scenario 2. Considering that if the UE can communicate with the neighbor cell under the unified TCI framework, if the neighbor is one of the candidate cell, the UE can switch to the neighbor cell without traffic interruption. In this case, the cell switching command without beam indication can be used. And the Scenario 1 can be supported with limited standard efforts. 
	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


For Scenario 3, after UE accesses to the target cell, the beam indication mechanism is the same as that for the serving cell. Hence, the discussion of Scenario 3 is not needed.
Proposal 9: 
For beam indication timing for Rel-18 LTM, beam indication before cell switch command (Scenario 1) should be supported.

For the mTRP scenario, whether to support the multiple TRP scenario was discussed online. From our perspective, the working group should firstly define a basic framework and functions for the LTM and then move to other more complicated scenarios. From this point, the multiple TRP scenario is not urgent at this phase. On the other side, the multiple TRPs are still under a certain cell. The UE can determine which cell to be switched to according to the cell switch command and then determine which specific TRP to be accessed based on the beam indication. 
Proposal 10: 

The beam indication for multiple TRP under LTM can be discussed later. 
5 Handover latency reduction

To reduce latency for L1/L2 triggered mobility, it was agreed to study at least the following procedures prior to the reception of L1/L2 cell switch command.

-        DL synchronization for candidate cell(s)

-       TRS tracking for candidate cell(s)

-       CSI acquisition for candidate cell(s)

-       Activation/Selection of TCI states for candidate cell(s), if feasible

In the RAN1#110bis-e meeting, DL synchronization for candidate cell(s) prior to cell switch command has been supported for latency reduction. For TRS tracking and CSI acquisition for candidate cell(s), if the TRS and CSI-RS for CSI acquisition for candidate cell(s) are configured to UE, UE can perform TRS tracking and CSI acquisition before cell switch. Moreover, for inter-frequency scenario, measurement gap may be needed for TRS tracking and CSI acquisition. The impact of TRS tracking and CSI acquisition for candidate cell(s) to the measurement and data transmission of serving cell should be discussed.
For activation/selection of TCI states for candidate cell(s), it has been supported in Rel-17 ICBM, where the additional PCI can be associated with one or more TCI states that are activated for data or control channel. Activation/selection of TCI states for target cell can reduce the TCI activation latency after cell switch. The serving cell can decide which TCI states can be activated based on UE’s beam reporting, and inform the activated TCI states to UE together with cell switch command.
Proposal 11: 
For Rel-18 LTM, at least support the following procedures prior to the reception of L1/L2 cell switch command to reduce the handover delay / interruption.
-  TRS tracking for candidate cell(s) at least for intra-frequency scenario
-  CSI acquisition for candidate cell(s) at least for intra-frequency scenario
-    Activation/Selection of TCI states for candidate cell(s)
6 Conclusion

In this contribution, we share our views on the potential L1 enhancements for inter-cell beam management. The proposals are summarised as follows.
Proposal 1: 

For L1 measurement for Rel-18 LTM, support CSI-RS for beam management as the measurement RS for intra-frequency scenario.

Proposal 2: 

For candidate cell measurement for Rel-18 LTM, support L1-SINR as report quantity for intra-frequency scenario.

Proposal 3:

The transmission power should be provided to UE for the pathloss calculation.
Proposal 4: 

For L1 measurement report for Rel-18 LTM, support periodic and semi-persistent report on PUCCH as UCI.

Proposal 5: 

For Rel-18 LTM, event-based beam reporting can be supported with the following details.

· Reuse Event A3 as the starting point for defining the event

· Use MAC-CE to carry the measurement result

· The report is sent to serving cell

· Event triggered reporting and any of periodic/semi-persistent/aperiodic reporting can be configured simultaneously

Proposal 6:

The activation of the configured candidate cell(s) should be supported to relieve the measurement load of the UE.

Proposal 7:

For choosing the beam for reporting from multiple candidate cells, either from all configured/activated candidate cells or from a selected candidate cells or the combination of the two schemes can be supported.

Proposal 8:

At least one beam from the serving cell can be included in the beam report instance. Whether the beam of the serving cell can be reported depends on gNB’s configuration or indications.

Proposal 9: 

For beam indication timing for Rel-18 LTM, beam indication before cell switch command (Scenario 1) should be supported.

Proposal 10: 

The beam indication for multiple TRP under LTM can be discussed later. 
Proposal 11: 

For Rel-18 LTM, at least support the following procedures prior to the reception of L1/L2 cell switch command to reduce the handover delay / interruption.
-  TRS tracking for candidate cell(s) at least for intra-frequency scenario

-  CSI acquisition for candidate cell(s) at least for intra-frequency scenario

-    Activation/Selection of TCI states for candidate cell(s)
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