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Introduction
In the RAN1#110b meeting, many agreements have been achieved w.r.t. L1 enhancements for inter-cell beam management. In this contribution, we share our views on some aspects of them, including L1 measurement, measurement report, beam indication and preparation before receiving cell switch command. 
Discussion
L1 measurement
In the RAN1#110b meeting, the following agreement has been achieved for the L1 inter-frequency measurement [2].
	Agreement
· For Rel-18 L1/L2 mobility, further study the potential RAN1 spec impact of L1 inter-frequency measurement 
· The definition and scenarios of L1 inter-frequency measurement is determined by RAN4, and RAN1 assumes at least the following until receiving their confirmation
· The scenarios not included in intra-frequency are regarded as inter-frequency, which includes at least the following scenarios:
· The frequency of the measured RS not covered by any of the active BWPs of SpCell and Scells configured for a UE, but covered by some of the configured BWPs of SpCell and Scells configured for a UE.
· The frequency of the measured RS not covered by any of the configured BWPs of SpCell and Scells configured for a UE
· At least the following aspect is studied:
· Commonality with L1 intra-frequency measurement for measurement configuration
· Send an LS to RAN4 (CC RAN2) 
· RAN1 would like to confirm our understanding that the supported scenarios not included in intra-frequency are regarded as inter-frequency, which includes at least the following scenarios:
· The frequency of the measured RS not covered by any of the active BWPs of SpCell and Scells configured for a UE, but covered by some of the configured BWPs of SpCell and Scells configured for a UE.
· The frequency of the measured RS not covered by any of the configured BWPs of SpCell and Scells configured for a UE 
· It is RAN1 understanding that the introduction of measurement gap and SMTC for L1 inter-frequency measurement, if any, is expected to be a RAN4 issue
· Note: this content is included in the LS agreed for intra-frequency L1 measurement


To let Rel-18 L1/L2 mobility cover more use cases, the L1 inter-frequency measurement should be supported. For Rel-17 ICBM, only intra-frequency and intra-DU scenarios are supported. This is partially due to the restriction that cell switch is not performed. Without such restriction, Rel-18 L1/L2 mobility can be designed to be also applicable to inter-frequency and inter-DU scenarios as captured in the WID [1]. In this way, Rel-18 L1/L2 mobility can benefit as many use cases as possible. As reflected by the above agreement, RAN1 can proceed under its own assumptions and the complete definition is up to RAN4.
Proposal 1
For L1 measurement, L1 inter-frequency measurement should be supported.

In the RAN1#110b meeting, the L1 measurement configuration has been discussed but without any agreement. 
As one alternative, the L1 measurement configuration can follow a similar design as that of Rel-17 ICBM. As in Rel-17 ICBM, the information included in the L1 measurement configuration should be determined by RAN1. To configure the measurement RS, at least the PCI and/or the RS-ID for a candidate cell should be indicated. For example, the PCI and the SSB index of a candidate cell are provided to notify a UE the to-be-measured SSB. 
As another alternative, the L1 measurement configuration can be obtained from the candidate configuration of which the IE is still being discussed by RAN2. In our view, the purpose of providing candidate configuration is to let a UE quickly apply the configuration to communicate with a target cell, but not to let a UE perform the L1 measurement based on it. To start with the L1 measurement, the UE may not have to wait until receiving the candidate configuration. Instead, the L1 measurement configuration and the candidate configuration can be provided independently.
Proposal 2
· L1 measurement configuration is independent of candidate configuration.
For L1 measurement configuration, at least PCI and/or RS-ID for candidate cells should be indicated to a UE.

L1 measurement report
In the RAN1#110b meeting, the following agreement has been achieved for the L1 measurement report [2].
	Agreement
· For L1 measurement report for Rel-18 L1/L2 mobility, further study the following mechanisms:
·  Report as UCI on PUCCH or PUSCH
· Periodic report on PUCCH, semi-persistent report on PUCCH/PUSCH, and aperiodic report on PUSCH
· Potential enhancements to Rel-17 ICBM report format to accommodate Rel-18 scenarios, e.g.
· Inter-frequency measurement, if supported
· Increasing the maximum number of reported beams, which is 4 for Rel-17 ICBM
· Flexible size beam report, e.g., two-part UCI (e.g., the 1st part contains the best beam/cell and the number (e.g., N) of reported beams/cells, the 2nd part contains the rest (N-1) beams/cells
· Reducing the reporting overhead by e.g. choosing beams/cells per frequency or across frequencies to report (FFS how)
· Report on MAC CE 
· Both gNB scheduled and/or UE initiated (if supported) report are studied


Generally, RSRP and/or SINR (if supported) will be reported although whether filtering is needed or not is still to be further studied. As for the report of L1-RSRP or L1-SINR, it has already been supported in the previous releases where it is treated as the UCI report. To save some effort, the similar framework of the UCI report can be leveraged to convey RSRP and/or SINR for Rel-18 L1/L2 mobility. Therefore, at least UCI should be supported as the container of the L1 measurement report. More specifically, the measurement results including RSRP and/or SINR (if supported) are treated as UCI and thus can be conveyed via PUCCH or PUSCH. As for the time domain behaviour, all the periodic, semi-persistent, and aperiodic reports should be supported to provide full report flexibility. Therefore, the UCI containing the measurement results can be reported in a periodic, semi-persistent, or aperiodic manner.
Proposal 3
For L1 measurement report, at least report as UCI on PUCCH or PUSCH is supported.
· Periodic report, semi-persistent report and aperiodic report are supported.

Beam indication
In the RAN1#110b meeting, the following agreement has been achieved w.r.t. the TCI framework for the beam indication [2].
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· RAN1 to further study if the beam indication of candidate cell(s) L1/L2 mobility should be designed for a specific TCI framework below, and their potential RAN1 spec impact. 
· Option A:  Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-17 TCI framework mechanism
· Option B: Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-15 TCI framework mechanism 
· Option C: Beam indication for Rel-18 L1/L2 mobility is designed based on both Rel-15 and Rel-17 TCI framework mechanisms 


Among the three options, at least Option A should be supported, i.e., the beam indication is based on the Rel-17 unified TCI framework. For Rel-17 ICBM, it has been designed based on the unified TCI framework. Based on it, the TCI state of a different cell can be indicated already. For Rel-18 L1/L2 mobility, the similar beam indication functionality is also expected. If Rel-17 ICBM and the unified TCI framework can be leveraged, the work on Rel-18 L1/L2 mobility is expected to become easier. Therefore, it would be preferrable if the beam indication for Rel-18 L1/L2 mobility is designed based on Rel-17 unified TCI framework. However, if supporting Rel-15 TCI framework, a new design would be expected. Wherein, it may require more work and may be difficult to have a unified design with that of Rel-17 TCI framework. 
Proposal 4
· As for the TCI framework which beam indication is based on, Option A is supported.
· Option A: Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-17 TCI framework mechanism

In the RAN1#110b meeting, the following agreement has been achieved for the beam indication timing [2].
	Agreement
-       From RAN1 perspective, the following scenarios can be considered for Rel-18 L1/L2 mobility for beam indication timing. This will be updated depending on further RAN1 assessment and RAN2 decision on the time chart
-       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
-       Interested companies are encouraged to further study the validity of the scenarios and the potential spec impact.


As shown in the agreement, the beam indication (TCI state indication) can be performed before, or together with, or after the cell switch command (cell switch indication), corresponding to Scenario 1, 2 and 3 respectively. Considering that the main purpose is to reduce the handover interruption time, at least Scenario 1 and/or Scenario 2 should be supported for the beam indication. For both Scenario 1 and Scenario 2, the early beam indication can be achieved. When receiving the cell switch command, a UE has also acquired the TCI state. After performing cell switching, the UE can apply the TCI state to a target cell as fast as possible. 
[bookmark: P1]In our view, it is beneficial to support both Scenario 1 and Scenario 2. Take the cell switch from cell 1 to cell 2 as an example. In some cases, a UE may apply the more desirable beam of cell 2 but do not have to switch to cell 2. For example, some common channels are from cell 1 to provide the basic control, but the dedicated channels are from cell 2 to benefit the data reception. Similar with Rel-17 ICBM, the beam indication alone can be transmitted to the UE. Starting from this, it would be more flexible if supporting both Scenario 1 and Scenario 2. Later on, if it is found that the common channels also have to use the beam of cell 2, e.g., due to the mobility, the cell switch indication can be additionally indicated as in Scenario 1. Later on, it is also possible that the cell switch is needed and a new & better beam of cell 2 has been identified. In this case, both the beam indication and the cell switch indication can be transmitted to the UE, so that the beam of cell 2 can be also timely updated. Supporting Scenario 1 and Scenario 2 will provide more flexibilities to cover more use cases. Therefore, it is beneficial to support both Scenario 1 and Scenario 2.
Proposal 5
· At least the following scenarios should be supported for beam indication.
· Scenario 1: Beam indication before cell switch command
· Scenario 2: Beam indication together with cell switch command

In Scenario 1, the beam indication is before the cell switch command. Hereafter, it is called the early beam indication for simplicity. To use such early beam indication, it should be further studied whether some conditions have to be met. For example, one of the conditions could be related to whether the intra-frequency or inter-frequency scenario is fulfilled. For the intra-frequency case, the early beam indication is similar with that of Rel-17 ICBM, and thus can be supported as a natural extension. For the inter-frequency case, even if the early beam indication is allowed, a UE may not be able to apply the indicated TCI state before the cell switch. Therefore, it should be further studied whether the early beam indication can be used for the inter-frequency case. Similarly, other conditions (if any) can be also considered.
Proposal 6
· To perform early beam indication before cell switch command, it should be further studied whether some conditions (e.g., intra-frequency) have to be met.

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 L1/L2 mobility, it is also necessary to have a similar concept of the beam application time. Take Scenario 2 as an example, where the beam indication is together with the cell switch command. 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, including whether the application time in Rel-17 ICBM can be reused. Something similar also happens to Scenario 1.
Proposal 7
· It should be further studied how to define the beam application time by taking both cell switch and beam switch into account.
· FFS: Whether the application time in Rel-17 ICBM can be reused.

Preparation before receiving cell switch command
In the RAN1#110b meeting, the following agreement has been achieved w.r.t. the preparation before receiving the cell switch command in AI 9.12.1 [2].
	Agreement
-      RAN1 to further study the potential RAN1 enhancements and spec impact to perform at least the following procedures prior to the reception of L1/L2 cell switch command aiming at the reduction of handover delay / interruption
-        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
-       Note: Uplink synchronization aspect will not be discussed under this A.I.
-       FFS: Whether the above procedures prior to the reception of L1/L2 cell switch command can be performed on candidate cell when it is deactivated SCell (if defined in RAN2)
-      Detailed discussion will be commenced after receiving RAN2 LS.


Furthermore, in AI 9.12.2, UL synchronization before receiving cell switch command has been agreed according to the following agreement [2].
	Agreement 
Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.
· FFS: whether this can be applied to candidate cell when it is deactivated SCell (if defined in RAN2)


Considering that UL synchronization before receiving the cell switch command has been supported and DL synchronization should be achieved before UL synchronization, it would be natural to also support DL synchronization before receiving the cell switch command.
Proposal 8
· At least DL synchronization before receiving cell switch command should be supported.

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 L1 measurement, L1 inter-frequency measurement should be supported.
Proposal 2
· L1 measurement configuration is independent of candidate configuration.
For L1 measurement configuration, at least PCI and/or RS-ID for candidate cells should be indicated to a UE.
Proposal 3
For L1 measurement report, at least report as UCI on PUCCH or PUSCH is supported.
· Periodic report, semi-persistent report and aperiodic report are supported.
Proposal 4
· As for the TCI framework which beam indication is based on, Option A is supported.
· Option A: Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-17 TCI framework mechanism
Proposal 5
· At least the following scenarios should be supported for beam indication.
· Scenario 1: Beam indication before cell switch command
· Scenario 2: Beam indication together with cell switch command
Proposal 6
· To perform early beam indication before cell switch command, it should be further studied whether some conditions (e.g., intra-frequency) have to be met.
Proposal 7
· It should be further studied how to define the beam application time by taking both cell switch and beam switch into account.
· FFS: Whether the application time in Rel-17 ICBM can be reused.
Proposal 8
· At least DL synchronization before receiving cell switch command should be supported.
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