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Introduction
At last meeting, RAN2 discussed L1 measurement for LTM and made the following agreements [1]: 
	[bookmark: _Hlk115110994]Initial agreements, from RAN2 point of view (may be dep on RAN1 progress). 
· The location of RS configuration for SSB-based measurements of candidate cells is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells. The RS configuration, per RAN1 agreement, can include PCI or logical ID, SMTC location, frequency location, and SCS.
· RAN2 assumes that the location of configurations of TCI states for the candidate cells (used before/at cell switch) is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells (same location as RS configuration).
· RAN2 assumes that For L1 measurements of LTM candidate cells, the reporting configuration is placed inside the ServingCellConfig of current serving cell(s). 
	Chair: the agreements above may need to be further evaluated, e.g. wrt subsequent LTM switches. 
· RAN2 assumes that whether filtering, hysteresis, and time-to-trigger are needed for LTM specific L1 measurements is up to RAN1.
· FFS if the LTM specific L1 measurements of an LTM candidate SCell is independent of its activation status.
· [bookmark: _GoBack]Whether to assume L1/L2 signaling to control or change L1 measurement/reporting for LTM needs further discussion (parts may be discussed in RAN1). RAN2 assumes that such control would be limited to certain aspect that need frequent update and restricted by RRC configuration.


In this contribution, we discussed some remaining issues related L1 measurement aspects for LTM.
Discussions 
[bookmark: _Toc939][bookmark: _Toc6764][bookmark: _Toc24792]At last meeting, RAN2 discussed the signalling structure on L1 measurement for candidate cells. And it’s agreed that the RS configuration for SSB-based measurements of candidate cells is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells. Currently, the L1 RS configuration for each candidate cell is generated by the DU. Thus, the DU needs to transfer the generated L1 RS configuration to the CU, separately from the LTM candidate cell configuration.
The RS configuration for candidate cell is generated by the (candidate) DU that candidate cell belongs to.
Besides, regarding the L1 reporting configuration, the initial conclusion is to place the reporting configuration inside the ServingCellConfig of current serving cell(s) considering that the L1 reporting needs to use the current serving cell resources, e.g. similar to CSI-ReportConfig. Currently, the CSI report configuration is provided by CSI-ReportConfig in CSI-MeasConfig within ServingCellConfig. In CSI-ReportConfig, a pointer to the serving cell (i.e. ServCellIndex) and a pointer to the resource set configuration of the serving cell (i.e. CSI-ResourceConfigId) are indicated to refer to the actual L1 measurement RS configuration to be measured and reported. Thus, the source cell needs to know RS resource configuration generated by each candidate cell/DU to generate the suitable report configuration (e.g. report type, report resources) for the L1 measurement report of candidate cells.
Currently, the L1 reporting configuration includes a pointer to the serving cell and a pointer to the resource set configuration of the serving cell to indicate the actual resource set(s) to be measured/reported.
To generate the L1 reporting configuration, the serving cell should be aware of the RS configurations generated by candidate cells.
In the subsequent LTM, since the reporting configuration is placed under each serving cell configuration and the reporting resources (e.g. PUCCH and PUSCH resources) rely on the current serving cell resources, the reporting configuration needs to be dynamically updated after each cell switch, e.g. via RRCReconfiguration message. However, the main motivation to support the subsequent LTM is to avoid the frequent RRC reconfiguration after each cell switch. Thus, it’s preferred to pre-configure the L1 reporting configuration within each candidate cell configuration, which can be used when the candidate cell becomes the current serving cell. 
To support subsequent LTM without RRC reconfiguration for L1 measurement configuration, the L1 reporting configuration needs to be provided within each candidate cell configuration, i.e. used when the candidate cell becomes the current serving cell.
Considering of inter-DU case, if the current CSI report framework is reused, each DU needs to know the RS configuration for candidate cells generated by other DUs, to generate the suitable reporting configuration, which is used when the candidate cell becomes the current serving cell.
For subsequent LTM in inter-DU case, each DU needs to know the RS configuration for candidate cells generated by other DUs, to generate the suitable reporting configuration within candidate cell configuration.
According to the analysis above, in inter-DU LTM, the CU needs to collect the L1 RS configuration from source and candidate DUs, and then transfer all received L1 RS configuration to each candidate DU, to generate the L1 reporting configuration for each candidate cell. To avoid configuring repeated RS configuration for each candidate cell, a common L1 measurement RS configuration pool can be considered to include the RS configuration for SSB-based measurements of candidate cells and serving cells. A simple way is to let the CU generate the common pool, i.e. the common pool configuration is placed outside of the CellGoupConfig of current serving cells. An alternative way is that the serving DU generates the common pool configuration after receiving the collected RS configuration from the CU, i.e. the common pool configuration is inside of the CellGroupConfig of current serving cells. 
A common L1 measurement RS configuration pool is introduced to include the RS configuration for SSB-based measurements of candidate cells and serving cells. FFS whether the common pool is placed outside or inside of the CellGroupConfig IE.
Similarly, a common TCI-state pool can be introduced to include TCI states for the candidate cells and serving cells. The common TCI-state pool is placed as the same location as the common L1 measurement RS configuration pool.
A common TCI-state pool is introduced to include TCI states for the candidate cells and serving cells, i.e. the same location as the common L1 measurement RS configuration pool.
Taking the current CSI report configuration framework as a baseline, an example of signalling structure on the L1 measurement configuration for the subsequent LTM is shown as follows:


Fig. 1 Signalling structure on the L1 measurement configuration for the subsequent LTM
Assuming that the CU generates the common pool configuration, an example of the inter-DU coordination for L1 measurement configuration is shown as follows:


Fig. 2 Inter-DU coordination on L1 measurement configuration for the subsequent LTM (option 1)
It can be found that multiple F1AP coordinations are required between CU and DU(s) to provide the suitable L1 measurement configuration for each candidate cell in case of the subsequent LTM. Besides, if a candidate cell wants to modify the configured L1 RS configuration, it may require additional F1AP modification procedure towards each DU to update the corresponding L1 reporting configuration within each candidate cell configuration. However, a potential advantage of this way is to allow each candidate cell adjust the L1 RS configuration pool to indicate the desired cells and beams to be measured within the candidate cell configuration. For example, if a RS configuration pool for L1 measurement is included in each candidate cell configuration, the candidate cell can provide a delta RS configuration (to only indicate the desired cells/beams to be measured when the candidate cell becomes the current serving cell), on the top of the common RS configuration pool, when generating the L1 reporting configuration in the candidate cell configuration, e.g. via step 3a/3b in Fig. 2.
Multiple F1AP coordinations are required between CU and DU(s) to generate the suitable L1 measurement configuration for each candidate cell in case of the subsequent LTM.
In order to avoid complicated F1AP coordination between CU and DU(s), an alternative way is to provide a common L1 RS configuration pool but not indicate which detailed RS configuration to be measured and reported in the L1 reporting configuration, e.g. not indicate the candidate cell ID and L1 RS config ID within the CSI-ReportConfig. This means that the UE may measure all configured L1 RS. And it’s up to UE to report strongest RSs in each report instant to the NW. In this case, the candidate cell can pre-configure the report configuration (e.g. report resources, report type, etc) without knowing the L1 RS configuration from other candidate cells. 
If the serving cell and each candidate cell share the common L1 RS measurement configurations, it’s possible for the candidate cell to pre-configure the L1 reporting configuration (no pointer to the detailed candidate cell and the RS resource ID) without knowing the L1 RS configuration from other candidate cells.
In this way, an example of inter-DU coordination is shown as follows:


Fig. 3 Inter-DU coordination on L1 measurement configuration for the subsequent LTM (option 2)
Based on the observations and analysis above, we give the following proposals:
RAN2 discusses the following two options on L1 measurement configuration for subsequent LTM:
Option 1: The NW explicitly configures for each serving/candidate cell which cells and which RS resources to be measured/reported.
Option 2: The NW provides a common L1 RS configuration pool to the UE. It’s up to UE to measure the RSs in the common pool, and report the strongest RSs to the NW. 
If option 1 is adopted, at least the following impact needs to be considered:
The L1 measurement reporting configuration (included within serving cell configuration and each candidate cell configuration) explicitly indicates candidate cells and RS configurations to be measured/reported, e.g. including pointers to refer to the RS configuration in a common RS configuration pool;
In inter-DU case, each DU needs to know the RS configuration from candidate cells configured by other DUs, so multiple F1AP coordinations are required to generate the L1 measurement configuration within the serving/candidate cell configuration. [RAN3 impact]
If option 2 is adopted, at least the following impact needs to be considered:
The L1 measurement reporting configuration does not indicate the candidate cells and RS configurations to be measured/reported;
The CU may need to inform the common L1 RS configuration pool to the current serving DU (e.g. for dynamic control of L1 measurement/reporting). [RAN3 impact]
Another issue needs to be further discussed is whether to use L1/L2 signaling to control or change L1 measurement/reporting. Currently, the UE performs the SSB based L1 measurement and reporting based on the NW configuration. Since the SSB resource is periodic, even if the NW configures aperiodical reporting, the UE may need to always measure the configured SSBs to prepare the report. Considering that the L1 measurement and report is triggered much frequently than L3 measurement, if the UE always performs the measurement on all configured candidate cells and related beams (especially in option 2 above), it may cause the considerable power consumption and heavy UE requirement.  
Considering that the L1 measurement and report may be triggered much more frequently than L3 measurement, always performing the L1 measurements on all configured candidate cells and beams may cause the considerable power consumption and heavy UE requirement.
Besides, considering of the subsequent LTM, with the UE’s movement and the change of the channel environment, when the UE moves to a specific target cell, some candidate cells and beams may be not suitable as the candidates for the next cell switch. It would be difficult for the NW to pre-configure a precise subset of candidate cells and beams to be measured, i.e. when the candidate cell becomes the current serving cell. Thus, a flexible L1 measurement/reporting update via L1/L2 signalling is useful to avoid unnecessary L1 measurement and reporting.
In subsequent LTM, since the NW can not predict the UE’s move trajectory, it would be difficult for the NW to pre-configure a precise subset of candidate cells and beams to be measured, i.e. when the candidate cell becomes the current serving cell.
For example, the NW pre-configures 4 candidate cells and corresponding SSB#1~7 for each candidate cell to be measured for the subsequent LTM, as shown in Fig. 4. 


Fig. 4 Dynamic control of L1 measurement/reporting
When the UE resides in the Cell_1, based on the NW configuration, the UE needs to measure all configured SSB#1~#7 in Cell_2, Cell_3 and Cell_4. Actually, based on the UE’s move orientation, the candidate Cell_4 and some beams from candidate Cell_2 and Cell_3 are unavailable for the next cell switch. The NW can know such immediate information from the L1 and L3 measurement report. Thus, the NW can dynamically active/update the desired candidate cells and beams to be measured by the UE via L1/L2 signaling (e.g. MAC CE or DCI), to avoid unnecessary L1 measurement and reporting. For example, the NW can send a MAC CE to indicate a subset of cells and beams (e.g. via indicating the candidate cell ID, RS config ID) to be measured and reported. The detailed L1/L2 signalling design can be up to RAN1 decision.
RAN2 assumes to support dynamic control of L1 measurement/reporting for LTM via L1/L2 signalling, e.g. to indicate a subset of candidate cells/beams to be measured/reported.
At last meeting, we also discussed the L1 measurements of LTM candidate SCell and left the FFS if the LTM specific L1 measurements of an LTM candidate SCell is independent of its activation status. In our understanding, it’s up to RAN1 decision whether need to configure L1 measurements for candidate SCell(s). If it’s supported to configure L1 measurements for candidate SCell(s) and allow the SCell activation/deactivation via cell switch command, then it can be up to the NW to configure the L1 measurements for LTM candidate SCell(s), regardless of the activation status. The UE is only required to perform the LTM L1 measurements based on the NW configuration. Now we can wait for the RAN1 discussion on L1 measurements for LTM candidate SCell(s).
It’s up to RAN1 decision whether to perform L1 measurement on LTM candidate SCell(s).

Conclusion and Proposals
In this contribution, we discussed remaining issues on L1 measurement aspects with the following observations and proposals:
Observation 1: The RS configuration for candidate cell is generated by the (candidate) DU that candidate cell belongs to.
Observation 2: Currently, the L1 reporting configuration includes a pointer to the serving cell and a pointer to the resource set configuration of the serving cell to indicate the actual resource set(s) to be measured/reported.
Observation 3: To generate the L1 reporting configuration, the serving cell should be aware of the RS configurations generated by candidate cells.
Observation 4: To support subsequent LTM without RRC reconfiguration for L1 measurement configuration, the L1 reporting configuration needs to be provided within each candidate cell configuration, i.e. used when the candidate cell becomes the current serving cell.
Observation 5: For subsequent LTM in inter-DU case, each DU needs to know the RS configuration for candidate cells generated by other DUs, to generate the suitable reporting configuration within candidate cell configuration.
Observation 6: Multiple F1AP coordinations are required between CU and DU(s) to generate the suitable L1 measurement configuration for each candidate cell in case of the subsequent LTM.
Observation 7: If the serving cell and each candidate cell share the common L1 RS measurement configurations, it’s possible for the candidate cell to pre-configure the L1 reporting configuration (no pointer to the detailed candidate cell and the RS resource ID) without knowing the L1 RS configuration from other candidate cells.
Observation 8: Considering that the L1 measurement and report may be triggered much more frequently than L3 measurement, always performing the L1 measurements on all configured candidate cells and beams may cause the considerable power consumption and heavy UE requirement.
Observation 9: In subsequent LTM, since the NW can not predict the UE’s move trajectory, it would be difficult for the NW to pre-configure a precise subset of candidate cells and beams to be measured, i.e. when the candidate cell becomes the current serving cell.
Observation 10: It’s up to RAN1 decision whether to perform L1 measurement on LTM candidate SCell(s).

Proposal 1: A common L1 measurement RS configuration pool is introduced to include the RS configuration for SSB-based measurements of candidate cells and serving cells. FFS whether the common pool is placed outside or inside of the CellGroupConfig IE.
Proposal 2: A common TCI-state pool is introduced to include TCI states for the candidate cells and serving cells, i.e. the same location as the common L1 measurement RS configuration pool.
Proposal 3: RAN2 discusses the following two options on L1 measurement configuration for subsequent LTM:
• Option 1: The NW explicitly configures for each serving/candidate cell which cells and which RS resources to be measured/reported.
• Option 2: The NW provides a common L1 RS configuration pool to the UE. It’s up to UE to measure the RSs in the common pool, and report the strongest RSs to the NW.
Proposal 4: If option 1 is adopted, at least the following impact needs to be considered:
- The L1 measurement reporting configuration (included within serving cell configuration and each candidate cell configuration) explicitly indicates candidate cells and RS configurations to be measured/reported, e.g. including pointers to refer to the RS configuration in a common RS configuration pool;
- In inter-DU case, each DU needs to know the RS configuration from candidate cells configured by other DUs, so multiple F1AP coordinations are required to generate the L1 measurement configuration within the serving/candidate cell configuration. [RAN3 impact]
Proposal 5: If option 2 is adopted, at least the following impact needs to be considered:
- The L1 measurement reporting configuration does not indicate the candidate cells and RS configurations to be measured/reported;
- The CU may need to inform the common L1 RS configuration pool to the current serving DU (e.g. for dynamic control of L1 measurement/reporting). [RAN3 impact]
Proposal 6: RAN2 assumes to support dynamic control of L1 measurement/reporting for LTM via L1/L2 signalling, e.g. to indicate a subset of candidate cells/beams to be measured/reported.
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