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Introduction
In the RAN1#112 meeting, several agreements have been achieved w.r.t. the beam indication and the measurement configuration. In this contribution, we further share our views on some issues including the measurement configuration, the measurement report, and the beam indication. 
Discussion
L1 measurement
In the RAN1#112 meeting, the following agreement has been achieved for the measurement configuration [1].
	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. 


According to the agreement, RAN1 will decide the necessary information included in the measurement configuration, and RAN2 will decide the complete RRC signaling structure. In the following, we share our views on the required parameters for the SSB based measurement.
Firstly, a logical PCI ID should be provided for intra-frequency and inter-frequency. In the RAN2#120 meeting, the following has been agreed for the signaling of PCI [2].
	Permanent Identities such as PCI will not be used in L1 L2 signalling, instead L1 L2 signalling will use temporary identities configured by RRC.


According to the agreement, the permanent PCI ID will not be used. Instead, a temporary PCI ID or a logical PCI ID will be used. Therefore, a logical PCI ID should be used for a candidate cell in the measurement configuration.
For the time domain information, at least periodicity and SSB position in burst should be provided for intra-frequency and inter-frequency. Besides, one or more SSB indexes should be also provided. Based on periodicity and SSB position in burst, a UE can perform the SSB based measurement without the need of a blind search. In our view, this is more aligned with the design of L1/L2 based cell switch. Currently, UCI has been agreed to carry the measurement report. If a UE performs SSB measurements based on the blind search, more work is expected to support the new functionality that UCI is used as the report container for the blind-search based measurement. Additionally, it should be also considered to provide one or more SSB indexes per candidate cell. As a cell-specific parameter, SSB position in burst indicates a set of SSBs actually transmitted by a candidate cell. However, a UE does not have to always measure all the indicated SSBs for the candidate cell. Due to the UE capability, a UE may not be capable of measuring serval candidate cells and measuring all the SSBs transmitted by each candidate cell. Therefore, it would be more flexible to allow a UE to measure multiple candidate cells but only measure a configurable set of SSBs per candidate cell. Therefore, providing one or more SSB indexes is necessary to have a flexible measurement configuration.
For the frequency domain information, center frequency and SCS should be provided for inter-frequency. For an inter-frequency cell, these parameters are necessary for identifying and measuring an SSB.
Based on the above analysis, we have the following proposal.
Proposal 1
For the SSB based L1-RSRP measurement, at least the following information should be provided to a UE.
· For intra-frequency and inter-frequency: logical PCI ID, periodicity, SSB position in burst, SSB index(es).
· For inter-frequency: center frequency, SCS.

In Rel-18 LTM, the candidate cells are configured for measurement on a 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 the UE for measurement, a threshold tied to quality of serving cell can be used to judge whether the UE performs the L1 measurement for candidate cells. When the 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, the 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 2
For measurement of R18 LTM, it can be considered to configure a pre-defined 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
For the measurement report, the number of the reported pairs of L1-RSRP and SSB index is up to 4 in Rel-17 ICBM. Considering the reporting overhead, if not well justified, the maximum number 4 should be kept in Rel-18 LTM. Under the limited number of reported pairs of L1-RSRP and SSB index, it is worth considering the group-based measurement report, where multiple groups of SSBs are configured and one pair of L1-RSRP and SSB index is reported per group. Generally, this is beneficial in terms of letting the gNB have more control and flexibilities to know the measurement results of any set of interested candidate cells. Also, it can avoid that all the reported measurement results come from only one candidate cell. In the following, it is further explained by taking one motivation as an example. One motivation is to better support the inter-frequency measurement introduced in Rel-18 LTM. In Rel-17 ICBM, only the intra-frequency measurement is supported, and a UE can report up to four pairs of L1-RSRP and SSR index (in the form of SSBRI) among the measurement results obtained based on the SSB based measurement. 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 center frequencies f1 and f2. In this case, the UE reports one pair of L1-RSRP and SSB index for each group of SSBs. By this way, the gNB can acquire the measurement results for the candidate cells at different center frequencies, and thus have more flexibilities to determine which candidate 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 SSB index 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 3
For the measurement report, it can be considered to support reporting maximum 4 pairs of L1-RSRP and SSB index as a starting point, and support the group-based report where
· multiple groups of SSBs among multiple candidate cells are configured for measurements, and
· one pair of L1-RSRP and SSB index is reported for each group of SSBs.

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 4
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 5
For Rel-18 LTM, the MAC CE is suggested as container for the event-trigger reporting.

Proposal 6
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]In the RAN1#112 meeting, the following proposal related to the DL synchronization and the TCI state activation has been discussed but not agreed [3].
	[FL proposal 5-3-3-1c-v3] 
· Companies are encouraged to study the following aspects related to the DL synchronization and TCI state activation when Rel-17 unified TCI is used for LTM beam indication:
· Timing to perform DL synchronization
· 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 with SSB after L1 measurement
· Alt.2-2 One-step DL synchronization procedure
· gNB activates TCI state(s), and then UE starts DL synchronization with the QCL source of the TCI states
· Necessity for DL synchronization for TA: whether and how DL synchronized is performed before TA 
· Applicability of CSI-RS (if agreed) in addition to SSB
· RAN1 spec impact (UE capability, configuration, activation etc)
· Timing of TCI state activation, i.e. whether TCI state activation is performed before TCI state indication or together with TCI state indication. 


In our view, Alt.1 is a preferred direction. After the SSB based measurements, a UE will maintain the DL synchronization so that the early uplink synchronization can quickly rely on the maintained DL timing to send PRACH and acquire TA. More specifically, the gNB can indicate a UE which cells/beams the UE needs to maintain the DL synchronization after the L1 measurement. Based on the maintained DL timing, the TA acquisition can be quickly started within the cells/beams. For the TCI state indication, the legacy procedures can be reused. Firstly, a TCI state pool is configured. Then, one or more TCI states from the TCI state pool are activated. After the TCI state activation, the UE will start the DL synchronization with the QCL sources of the activated TCI states. For Alt.2-1, it is not clear whether the TCI state activation is needed or how to start the DL synchronization with regard to the activated TCI states if the TCI state activation is needed. Therefore, Alt.2-1 may not be a complete solution. For Alt.2-2, since the UE does not maintain the DL synchronization after the SSB based measurement, the upcoming early uplink synchronization for TA cannot benefit from the maintained DL timing in terms of quickly sending PRACH. 
It is beneficial to have the TCI state activation before the TCI state indication. Before a UE can use a TCI state, the UE needs to perform measurements on the source RS(s) included in the TCI state. In other words, a certain time period should be guaranteed before a UE can apply an indicated TCI state. To let the UE use the indicated TCI state in the cell switch command as early as possible, it would be beneficial to have an early TCI state activation before the cell switch command. After the TCI state activation, the UE can perform the measurement and the DL synchronization based on the source RS(s) of the activated TCI state(s) before the cell switch command. When a TCI state is indicated by the cell switch command, the UE has finished the relevant measurements and thus can quickly apply the indicated TCI state. Considering the burden of performing the measurement and the DL synchronization with regard to multiple activated TCI states, it should be further studied how my TCI states can be activated before the cell switch command.
Based on the above analysis, we have the following proposal.
Proposal 7
· For Scenario 2, the following should be supported for the TCI state activation and the DL synchronization timing.
· Support the following DL synchronization procedures.
· The gNB indicates a UE which cells/beams the UE needs to maintain the DL synchronization after the L1 measurement.
· Then, TA acquisition can be performed within the cells/beams.
· The gNB activates TCI state(s) before the cell switch command, and then the UE starts the DL synchronization (for PDSCH/PDCCH reception) with the QCL source of the TCI state(s).
· FFS: the maximum number of the activated TCI states.

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 with the same TCI state ID 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 8
· For Scenario 2, when a TCI state ID is indicated for a target cell, the TCI states with the same TCI state ID apply 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, a 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. In our view, a separate beam application time from that of Rel-17 ICBM should be defined.
Proposal 9
· For Scenario 2, a separate beam application time from that of Rel-17 ICBM should be defined by taking both the cell switch and the beam switch into account.

In the RAN1#112 meeting, the following agreement has been achieved on how to apply beams to signals/channels after the cell switch command [1].
	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


According to the agreement, the TCI state indicated by the cell switch command applies to the signals/channels which follow or are configured to follow the unified TCI state. As for the signals/channels which do not follow the unified TCI state, the legacy methods should be used as much as possible. If the legacy methods refer to signaling the beams via RRC and/or MAC CE, they can be directly reused. However, the legacy methods also include following the SSB during random access if no TCI state pool has been configured, or a TCI state pool including more than one TCI state has been configured but no TCI state has been activated or a CORESET. In this special case, it is not possible to reuse the legacy methods since the random access procedure is not performed in Rel-18 LTM. Therefore, it should be specified which beam is applied to the CORESET in the special case. More specifically, for a CORESET not configured with followUnifiedTCIstate, if no TCI state pool has been configured, or a TCI state pool including more than one TCI state has been configured but no TCI state has been activated, it should be specified which source reference signal the DMRS of PDCCH is quasi co-located with. The following three alternatives can be considered.
· Alt.1: quasi co-located with the unified TCI state indicated by the cell switch command.
For Alt.1, even though the CORESET is not configured with followUnifiedTCIstate, it follows the unified TCI state before the beams are signaled via RRC and/or MAC CE. If only the SSB based measurement and the SSB based report are supported, it means that a target cell can only use the beam used by the SSB transmission. Since the beam applied to an SSB is generally a wide beam, UE-dedicated beam and non-UE-dedicated beam may have no difference. Therefore, basically all the signals and channels can just follow the indicated unified TCI state.
· Alt.2: quasi co-located with the SSB indicated by the cell switch command.
For Alt.2, besides the unified TCI state, an SSB is also indicated by the cell switch command. The DMRS of PDCCH is assumed to be quasi co-located with the indicated SSB before the beams are signaled via RRC and/or MAC CE for the CORESET. 
· Alt.3: quasi co-located with the SSB indicated by the PDCCH order for the early uplink synchronization.
For Alt.3, the SSB indicated by the PDCCH order is used as the QCL source of the CORESET. The PDCCH order triggers a UE to transmit PRACH to the target cell, so that the early uplink synchronization can be achieved for the target cell. In the PDCCH order, a field is used to indicate the SSB index.
Proposal 10
· For Scenario 2, for a CORESET not configured with followUnifiedTCIstate, if no TCI state pool has been configured, or a TCI state pool including more than one TCI state has been configured but no TCI state has been activated, it is assumed that the DMRS of PDCCH is quasi co-located with 
· Alt.1: the unified TCI state indicated by the cell switch command.
· Alt.2: the SSB indicated by the cell switch command.
· Alt.3: the SSB indicated by the PDCCH order for the early uplink synchronization.

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 SSB based L1-RSRP measurement, at least the following information should be provided to a UE.
· For intra-frequency and inter-frequency: logical PCI ID, periodicity, SSB position in burst, SSB index(es).
· For inter-frequency: center frequency, SCS.
Proposal 2
For measurement of R18 LTM, it can be considered to configure a pre-defined threshold for measurement of candidate cells.
· The quality of serving cell lower than threshold triggers the measurement of candidate cells.
Proposal 3
For the measurement report, it can be considered to support reporting maximum 4 pairs of L1-RSRP and SSB index as a starting point, and support the group-based report where
· multiple groups of SSBs among multiple candidate cells are configured for measurements, and
· one pair of L1-RSRP and SSB index is reported for each group of SSBs.
Proposal 4
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 5
For Rel-18 LTM, the MAC CE is suggested as container for the event-trigger reporting.
Proposal 6
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 7
· For Scenario 2, the following should be supported for the TCI state activation and the DL synchronization timing.
· Support the following DL synchronization procedures.
· The gNB indicates a UE which cells/beams the UE needs to maintain the DL synchronization after the L1 measurement.
· Then, TA acquisition can be performed within the cells/beams.
· The gNB activates TCI state(s) before the cell switch command, and then the UE starts the DL synchronization (for PDSCH/PDCCH reception) with the QCL source of the TCI state(s).
· FFS: the maximum number of the activated TCI states.
Proposal 8
· For Scenario 2, when a TCI state ID is indicated for a target cell, the TCI states with the same TCI state ID apply to the target cells in the same simultaneousU-TCI-UpdateList.
Proposal 9
· For Scenario 2, a separate beam application time from that of Rel-17 ICBM should be defined by taking both the cell switch and the beam switch into account.
Proposal 10
· For Scenario 2, for a CORESET not configured with followUnifiedTCIstate, if no TCI state pool has been configured, or a TCI state pool including more than one TCI state has been configured but no TCI state has been activated, it is assumed that the DMRS of PDCCH is quasi co-located with 
· Alt.1: the unified TCI state indicated by the cell switch command.
· Alt.2: the SSB indicated by the cell switch command.
· Alt.3: the SSB indicated by the PDCCH order for the early uplink synchronization.
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