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Introduction
In the RAN1#111 meeting, many agreements have been achieved w.r.t. L1 enhancements for inter-cell beam management. In this contribution, we further share our views on the issues including the measurement configuration, the measurement report and the beam indication. 
Discussion
L1 measurement
According to the FL summary in RAN1#111 [1], the following options on how to provide measurement configurations have been listed but not agreed.
	[FL proposal 1-7-v3]
· For Rel-18 LTM, further study the following structure for L1 measurement configurations.
· Option-1: Based on CSI measurement configuration specified in Rel-17 ICBM
· CSI-MeasConfig for serving cell and candidate cell(s), which requires inter-DU coordination
· For inter-frequency, at least the frequency information, SMTC or measurement gap (MG) with candidate cell are additionally introduced
· Option-2: Introduce an independent a measurement configuration for candidate cell(s) [and serving cell] from serving cell configurations, which, and the measurement configuration is decoupled with serving cell configuration.Introduce an independent measurement configuration for all candidate cell(s) and serving cell(s) (FL note: Suggested by DOCOMO and their intention is to enable reporting for candidate cells with that for serving cell ) from serving cell configurations, which is decoupled with serving cell configuration.
· L1 measurement resource set can be configured outside candidate cell configurations (i.e. ServingCellConfig or CellGroupConfig)
· Separate CSI-MeasCofig is configured for candidate cell from the CSI-MeasConfig for serving cell
· Option-3: Use measurement configuration for each candidate cell
· L1 measurement resource set can be configured inside candidate cell configurations (i.e. ServingCellConfig or CellGroupConfig)
· Option-4: Do not include RS information or cell information in measurement configurations 
· For intra-frequency, neither SSB/RS indices nor PCI is configured. 
· For inter-frequency, neither SSB/RS indices nor PCI is configured, but frequency information is configured
· Note: Proponents of each option are encouraged to bring the detailed explanation in RAN1#112.



To make a fair comparison for the down-selection, the listed four options should be well understood by the companies. For Option-1, it is basically based on the structure of Rel-17 ICBM. Therefore, Option-1 is believed to be clear enough. For Option-2, the difference from the Option-1 is not so clear. According to the description, it seems that a CSI-MeasConfig is also needed for Option-2 but where to configure the CSI-MeasConfig is different from that of Option-1. However, it is not clear whether that is the only difference or not. For Option-3, it seems to be clear that a separate measurement configuration for each candidate cell is provided by the candidate cell configuration. For Option 4, the difference from the other three options is clear. Instead of configuring the measurement RS explicitly, Option-4 requires a UE to blindly search the measurement RS. Under this situation, at least Option-2 requires more clarifications to facilitate the comparison.
The measurement report is closely related to the measurement configuration. When determining the measurement configuration, the impact on the measurement report should be also considered. In Rel-17 ICBM, a measurement report is associated with a CSI-SSB-ResourceSet within the CSI-MeasConfig, and SSBRI is defined within one CSI-SSB-ResourceSet. For Option 1, the measurement report can be based on a similar design. For Option 2, Option-3 and Option-4, how to perform the measurement report (e.g., how to define SSBRI) may also need to be clarified to have a whole picture.
Based on the above discussions, at least we know how Option-1 works from the measurement and report configuration viewpoint. Therefore, at least Option-1 works and can be adopted for Rel-18 LTM. For Option-4, the design is different from all the other three options. Due to searching for the measurement RS, Option-4 is more like a design for L3-based mobility rather than L1/L2-based mobility. For example, as a L1/L2-based design, UCI has been agreed to carry the measurement report; but UCI may not be suitable to carry L3-based measurement results. Therefore, Option-4 is not a preferred design for Rel-18 LTM.
Proposal 1
For the measurement configuration, to make a down-selection among Option-1, Option-2, Option-3 and Option-4,
· Option-2 needs more clarifications, and
· the impact on the measurement report should be considered for all the options.

Proposal 2
At least Option-1 works well and can be adopted for Rel-18 LTM from measurement and report configuration viewpoint. 
Option-4 is not preferred for Rel-18 LTM considering that it is more like a L3-based design rather than a L1/L2-based design.

Regardless of Option 1, Option 2 or Option 3, for the measurements based on SSB, the SSB configurations are provided for the candidate cells in the measurement configuration. In Rel-18 LTM, a candidate cell can be either a non-serving cell or a serving cell. If a candidate cell is a non-serving cell, its SSB configuration should be provided in the measurement configuration. If a candidate cell is a serving cell, its SSB configuration can be obtained from the existing serving cell configuration. This is due to the fact that the SSB configuration for a serving cell has been already provided after the access to the network. If a candidate cell is a serving cell, it would be redundant to provide the SSB configuration again in the measurement configuration. 
Proposal 3
When providing the SSB configuration for a candidate cell, if the candidate cell is a serving cell, the SSB configuration should be obtained from the existing serving cell configuration.

In Rel-18 LTM, the candidate cells are configured for measurement on UE. But when the quality of serving cell is good enough, it’s not necessary to measure the configured candidate cells. To reduce the power consumption of UE for measurement, a threshold tied to quality of serving cell can be used to judge whether UE performs the L1 measurement for candidate cells. When gNB configures the candidate cells for measurements for example ServingAdditionalPCIIndex in CSI-SSB-ResourceSet for Rel-17 ICBM, the pre-defined threshold can be configured together. With the configured threshold, UE measures the quality of serving cell firstly and compares it with threshold to judge whether the candidate cells are necessary to be measured or not. 
Proposal 4
For measurement of R18 LTM, it can be considered to configure a pre-define threshold for measurement of candidate cells.
· The quality of serving cell lower than threshold triggers the measurement of candidate cells.

L1 measurement report


[bookmark: _Ref126658145]Figure 1. An example for the group-based measurement report
In Rel-17 ICBM, only the intra-frequency measurement is supported, and a UE can report up to four pairs of L1-RSRP and SSBRI among the measurement results obtained based on the configured SSBs. In Rel-18 LTM, to additionally support the inter-frequency measurement, it is worth considering the group-based measurement report where each group is targeted for an intra-frequency measurement. In Figure 1, an example is provided. As shown in the figure, a UE performs the inter-frequency measurement on two groups of SSBs located at different frequencies f1 and f2. In this case, the UE reports at least one pair of L1-RSRP and SSBRI for each group of SSBs. By this way, the gNB can acquire the measurement results for the cells at different frequencies, and thus have more flexibilities to determine which cell the UE can be switched to. For example, by configuring two groups of inter-frequency SSBs, the gNB’s intention is to switch the UE to an inter-frequency cell (at f2). If not using the group-based measurement report, the UE may report four pairs of L1-RSRP and SSBRI all belonging to the same group of intra-frequency cells (at f1). Due to no measurement results on the group of inter-frequency cells, the gNB cannot switch the UE to an inter-frequency cell (at f2).
Proposal 5
For the measurement report, it can be considered to support the group-based report where
· multiple groups of SSBs are configured for measurements, and
· at least one pair of L1-RSRP and SSBRI is reported for each group of SSBs.

In last RAN1 meeting, the even-trigger mechanism has been discussed for Rel-18 LTM. Considering the signaling overhead, it’s recommended to support the event-trigger reporting as a supplementary method. For event-trigger of Rel-18 LTM, L3 reporting for mobility has defined several types of events (e.g. A1~A6) which can be used as the references for the Rel-18 LTM. However, the event-trigger over L3 is quite complex and each event has a set of parameters and conditions to be evaluated. To avoid the complex event scheme, it’s suggested to simplify the event-trigger reporting (e.g., less parameters and conditions) over L3 definition if RAN1 decide to support event-trigger reporting.
Proposal 6
For Rel-18 LTM, if event-trigger reporting is supported, one of following events is suggested to support.
· Alt.1 the quality of candidate cell is larger than that of serving cell.
· Alt.2 the quality of candidate cell is larger than that of serving cell with an offset.
· Alt.3 the quality of candidate cell is larger than pre-defined threshold.
· Alt.4 the quality of serving cell is lower than pre-defined threshold.

For event-trigger based reporting, the number of measurement results included in reporting depends on the evaluation of event condition. In this case, the required resource for reporting also depends on the evaluation of event condition. Considering the efficient usage of resource, the MAC CE can be considered as container of event-trigger reporting where the required resources can be obtained through the corresponding UL grant requested by UE via SR. Regarding the contents of report on MAC CE, the format (L1-RSRPs with RS indicators) of L1 measurement report can be considered to be reused with extension of the number (e.g. larger than 4) of measurement results in one report instance.
Proposal 7
For Rel-18 LTM, the MAC CE is suggested as container for the event-trigger reporting.

Proposal 8
For Rel-18 LTM, the format of event-trigger report is suggested to reuse that of L1 measurement report with the possible extension of the number (larger than 4) of measurement results in one report instance.
· L1-RSRPs (if applicable) with RS indicators

Beam indication
[bookmark: P1]Conventionally, a TCI state is indicated according to the following steps. Firstly, a TCI state pool is configured. Then, some TCI states from the TCI state pool are activated. Finally, a TCI state is indicated from the activated TCI states. For Scenario 2, to indicate a TCI state together with the cell switch command, we do not see the necessity to perform the TCI state activation ahead of that. Instead, a TCI state can be directly indicated from a TCI state pool. Since the TCI state is indicated by a MAC CE (cell switch command) rather than a DCI, and the TCI state activation is also conveyed by a MAC CE, it is not clear why the TCI state has to be indicated twice by two separate MAC CEs. If there is an opportunity to send a MAC CE, it would be more efficient to let the MAC CE indicate both the TCI state and the cell switch. For the beam indication together with the cell switch command, it is already a kind of TCI state activation for the target cell. Therefore, it is not necessary to introduce a separate TCI state activation before the cell switch command.
Proposal 9
· For Scenario 2, a separate TCI state activation procedure before the cell switch command is not introduced.



[bookmark: _Ref126667530]Figure 2. Two alternatives to configure TCI state pool(s)

As aforementioned, for beam indication in Rel-18 LTM, TCI state pool(s) needs to be defined. Following the convention, a TCI state pool is configured per cell per BWP. However, it should be further studied whether a TCI state pool is configured per serving cell or per candidate cell. Depending on different choices, it will have a big impact on the follow-up designs. For example, if a TCI state pool is configured per serving cell, it needs to include the TCI states of multiple candidate cells; if a TCI state pool is configured per candidate cell, it only needs to include the TCI states of one candidate cell. Depending on whether a TCI state pool is configured per serving cell or per candidate cell, the following two alternatives can be considered for the TCI state pool configuration. As shown in Figure 2, it is assumed that a UE will switch from a serving cell (Cell 1-1) to one or more target cells (Cell 1-2, Cell 2-1, Cell 3-1, etc.); a target cell can be a serving cell or a non-serving cell; each column of serving cells or non-serving cells belongs to a CA group.
· Alt.1: A joint TCI state pool includes TCI states of multiple candidate cells, and it is configured per serving cell per BWP under the serving cell configuration.
For Alt.1, a joint TCI state pool is configured for a serving cell, and thus can be provided under the serving cell configuration. For a joint TCI state pool, it can include TCI states of different candidate cells. Optionally, it can also include TCI states of the serving cell where the joint TCI state pool is configured. For a target cell, the cell switch command will indicate a TCI state from a joint TCI pool associated with a serving cell.
· Alt.2: A separate TCI state pool includes TCI states of one candidate cell, and it is configured per candidate cell per BWP under the candidate cell configuration.
For Alt.2, separate TCI state pools are configured for different candidate cells. In other words, a TCI state pool is configured for each candidate cell. For a separate TCI state pool, it can include TCI states of the associated candidate cell. For a target cell, the cell switch command will indicate a TCI state from a separate TCI pool associated with the target cell.
Proposal 10
· For Scenario 2, a TCI state for a target cell is indicated from a TCI state pool. It should be further studied whether a TCI state pool is configured per serving cell or per candidate cell.
· Alt.1: A joint TCI state pool includes TCI states of multiple candidate cells, and it is configured per serving cell per BWP under the serving cell configuration.
· Alt.2: A separate TCI state pool includes TCI states of one candidate cell, and it is configured per candidate cell per BWP under the candidate cell configuration.

From the determined TCI state pool, a TCI state is indicated by the cell switch command, and applied to a BWP of a target cell. If a UE is indicated to switch to multiple target cells belonging to a CA group, simultaneousU-TCI-UpdateList can be leveraged to determine the TCI states for the target cells. More specifically, the TCI state indicated by the cell switch command also applies to target cells in the same simultaneousU-TCI-UpdateList. For example, simultaneousU-TCI-UpdateList can come from the candidate cell configuration.
Proposal 11
· For Scenario 2, when a TCI state is indicated for a target cell, the TCI state also applies to the target cells in the same simultaneousU-TCI-UpdateList.

For Rel-17 ICBM, when a TCI state is indicated, the TCI state is applied starting from the first slot after a beam application time Y. For Rel-18 LTM, it is also necessary to have a similar concept of the beam application time. Compared with Rel-17 ICBM with the beam switch only, Scenario 2 with both the beam switch and the cell switch may need a larger beam application time. For example, UE may switch to a target cell with a different center frequency and thus need more time. Therefore, it should be further studied how to define the beam application time. 
Proposal 12
· For Scenario 2, it should be further studied how to define the beam application time by taking both cell switch and beam switch into account.

Conclusion
In this contribution, we have shared our views on L1 enhancements for inter-cell beam management. Our proposals in this contribution are summarized below:
Proposal 1
For the measurement configuration, to make a down-selection among Option-1, Option-2, Option-3 and Option-4,
· Option-2 needs more clarifications, and
· the impact on the measurement report should be considered for all the options.
Proposal 2
At least Option-1 works well and can be adopted for Rel-18 LTM from measurement and report configuration viewpoint. 
Option-4 is not preferred for Rel-18 LTM considering that it is more like a L3-based design rather than a L1/L2-based design.
Proposal 3
When providing the SSB configuration for a candidate cell, if the candidate cell is a serving cell, the SSB configuration should be obtained from the existing serving cell configuration.
Proposal 4
For measurement of R18 LTM, it can be considered to configure a pre-define threshold for measurement of candidate cells.
· The quality of serving cell lower than threshold triggers the measurement of candidate cells.
Proposal 5
For the measurement report, it can be considered to support the group-based report where
· multiple groups of SSBs are configured for measurements, and
· at least one pair of L1-RSRP and SSBRI is reported for each group of SSBs.
Proposal 6
For Rel-18 LTM, if event-trigger reporting is supported, one of following events is suggested to support.
· Alt.1 the quality of candidate cell is larger than that of serving cell.
· Alt.2 the quality of candidate cell is larger than that of serving cell with an offset.
· Alt.3 the quality of candidate cell is larger than pre-defined threshold.
· Alt.4 the quality of serving cell is lower than pre-defined threshold.
Proposal 7
For Rel-18 LTM, the MAC CE is suggested as container for the event-trigger reporting.
Proposal 8
For Rel-18 LTM, the format of event-trigger report is suggested to reuse that of L1 measurement report with the possible extension of the number (larger than 4) of measurement results in one report instance.
· L1-RSRPs (if applicable) with RS indicators
Proposal 9
· For Scenario 2, a separate TCI state activation procedure before the cell switch command is not introduced.
Proposal 10
· For Scenario 2, a TCI state for a target cell is indicated from a TCI state pool. It should be further studied whether a TCI state pool is configured per serving cell or per candidate cell.
· Alt.1: A joint TCI state pool includes TCI states of multiple candidate cells, and it is configured per serving cell per BWP under the serving cell configuration.
· Alt.2: A separate TCI state pool includes TCI states of one candidate cell, and it is configured per candidate cell per BWP under the candidate cell configuration.
Proposal 11
· For Scenario 2, when a TCI state is indicated for a target cell, the TCI state also applies to the target cells in the same simultaneousU-TCI-UpdateList.
Proposal 12
· For Scenario 2, it should be further studied how to define the beam application time by taking both cell switch and beam switch into account.
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