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1 Introduction

In RAN1#110bis e-meeting [1], the following agreements were made for L1/L2 based inter-cell mobility.
	Agreement

· For Rel-18 L1/L2 mobility, L1 intra-frequency measurement for candidate cell is supported

· At least the following aspects are for RAN1 further study:

· RAN1 assumes Rel-17 ICBM CSI measurement as starting point.
· Whether and how to apply relaxation for the restrictions imposed on the Rel-17 intra-frequency L1 non-serving cell measurement defined in 9.13.2 of TS38.133, where RAN4 impact is foreseen, e.g.
· SFN offset alignment compared with serving cell

· BWP setting, i.e. non-serving cell SSB should be covered by serving cell active BWP

· Introduction of symbol level gap or SMTC for larger Rx timing difference (i.e. larger than CP length) 

· Commonality with intra-frequency L3 measurement

· Commonality with L1 inter-frequency measurement for measurement configuration

· Send an LS to RAN4 (CC RAN2) 
· RAN1 to ask RAN4 if the restriction on e.g., SFN offset alignment, BWP setting and Rx timing difference, etc, described in 9.13.2 of TS38.133 for intra-frequency L1 non-serving measurement can be relaxed or not. 
· RAN1 assumes Rel-17 ICBM CSI measurement as starting point.
Agreement
· For Rel-18 L1/L2 mobility,

· SSB is supported for L1 intra-frequency measurement

· SSB is supported for L1 inter-frequency measurement if inter-frequency L1 measurements are supported

· Further study the following L1 measurement RS for candidate cell

· CSI-RS for tracking, beam management, CSI and mobility, CSI-IM, which is for L1 intra-frequency and L1 inter-frequency (if supported) 

Agreement

· For candidate cell measurement for Rel-18 L1/L2 mobility, 

· L1-RSRP is supported for intra-frequency candidate cell measurement.

· Further study the following measurement quantities for candidate cell measurement

· L1-RSRP for inter-frequency (if supported)

· L1-SINR for intra-frequency and inter-frequency (if supported)

· FFS: to assess the use case and the benefit of UL measurement instead of/in addition to DL L1 measurement, which includes:

· How the UL measurement result is used, e.g. handover decision

· Signals/channels used for UL measurement, e.g. SRS

· Spec impact including other WGs, e.g. definition of gNB measurement, interface to transfer RS configuration or measurement results

· Note: The next discussion will take place based on companies’ contribution in future meeting.

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
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
Agreement

· 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 
Agreement
-          Send an LS to RAN2/RAN3 asking the clarification on intra-/inter-DU scenario:

-       RAN1 has started the discussion on the configuration for L1 measurement and TCI states for candidate cells. Regarding the following RAN2 agreements captured in RAN2 LS (R1-2208331/R2-2209257), it is not clear for RAN1 which kind of information/configuration for candidate cell(s) are available at a serving cell for inter-DU case for Rel-18 L1/L2 mobility. Thus, companies have different understanding on the implication of the sentence “as much commonality as reasonable” in the LS.

-         The design for intra-DU and inter-DU L1/L2-based mobility should share as much commonality as reasonable. FFS which aspects need to be different.
- 
RAN1 respectfully asks RAN2 and RAN3 if the serving DU knows the measurement RS configuration and TCI state configuration of cells served by another DU

Agreement
-         Send an LS to RAN2, 3 and 4 to inform them of the agreements under A.I 9.12.1 and A.I. 9.12.2

-         If the LS related proposal under A.I 9.12.1 and 9.12.2 are agreed, the contents are also included.

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.

Agreement
-       Interested companies are encouraged to perform technical analysis of the cell switch command from a RAN1 point of view, e.g.

-       Necessary information included in the command, which is relevant for RAN1 discussion

-       Necessary number of bits for the information

-       L1 impact or concern to use DCI or MAC CE for L1/L2 cell switch command

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.


In this contribution, we share our views on the potential L1 enhancements for inter-cell beam management.
2 Beam measurement 
From the agreement of RAN2 [2], both intra-frequency and inter-frequency are supported for L1/L2 mobility. For L1 measurement, we have already 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 of L1/L2 mobility, support CSI-RS for beam management as the measurement RS for intra-frequency scenario.
In Rel-17 ICBM, L1-RSRP is used as the measurement quantity. For Rel-18 L1/L2 mobility, we think L1-RSRP can be reused for both intra-frequency and inter-frequency L1 measurement. Regarding the L1-SINR reporting in Rel-16/17, the 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 L1/L2 mobility, 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 L1/L2 mobility, 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 do defer the issue of filtering until more details of candidate cell detection and handover latency reduction have been determined.
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. It is possible that there is no desirable beam from candidate cells in one reporting instance, but in current spec, the UE should report N beams to the network. Hence, it may cause large reporting overhead to the system. To reduce the overhead and acquire the beam quality from candidate cells more quickly, 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 offset better than SpCell. A similar event as A3 can be used for L1/L2 triggered mobility. For the necessity of define the timer, we think it is related to whether “ping-pong” should be considered. The motivation to involve timer for legacy handover is to avoid “ping-pong”. If “ping-pong” is not a big issue for L1/L2 triggered mobility, the timer may not be necessary. 
Proposal 3: For L1/L2 mobility, event-based beam reporting can be considered. Event A3 can be considered as the starting point for defining the event.

4 Beam indication
In last meeting, it was discussed whether the beam indication of candidate cell(s) L1/L2 mobility should be designed for a specific TCI framework. In our view, Rel-17 TCI framework can have higher priority than Rel-15 TCI framework, since Rel-17 unified TCI framework is more efficient. And we can discuss whether the beam indication mechanism can be extended to Rel-15 TCI framework if the workload is acceptable.

Proposal 4: For L1/L2 mobility, prioritize the beam indication mechanism based on Rel-17 TCI framework.

For the timing of beam indication, the following scenarios have been proposed in last meeting.  
-  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
For ICBM, the beam of candidate cell can be indicated to the UE without cell switch, in such a case, beam indication before cell switch command can be considered. For other cases, the beam from neighbor cell can be indicated together with cell switch command to provide the initial beam indication for data transmission of the target cell. For Scenario 3, after the UE have accessed to the target cell, the beam indication is the same as that for the serving cell. 
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

For DL synchronization for candidate cell(s), UE needs to perform cell search by detecting the SSB of target cell. Since SSB can be used as the measurement RS for L1 measurement for both intra-frequency and inter-frequency scenario, it is feasible to get DL ssynchronization for candidate cell(s) before the reception of L1/L2 cell switch command.
For TRS tracking and CSI acquisition for candidate cell(s), if the TRS and CSI-RS for CSI acquisition for candidate cell(s) can be configured to UE, UE can perform TRS tracking and CSI acquisition accordingly. However, it may need to define the CSI processing criteria and priority rules for CSI reports of candidate cell(s). 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 is 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 reporting for L1 measurement, and inform the activated TCI states to UE together with cell switch command.
Proposal 5: For L1/L2 mobility, at least support the following procedures prior to the reception of L1/L2 cell switch command to reduce the handover delay / interruption.
-  DL synchronization for candidate cell(s)
-    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 of L1/L2 mobility, support CSI-RS for beam management as the measurement RS for intra-frequency scenario.
Proposal 2: For candidate cell measurement for L1/L2 mobility, support L1-SINR as report quantity for intra-frequency scenario.
Proposal 3: For L1/L2 mobility, event-based beam reporting can be considered. Event A3 can be considered as the starting point for defining the event.

Proposal 4: For L1/L2 mobility, prioritize the beam indication mechanism based on Rel-17 TCI framework.

Proposal 5: For L1/L2 mobility, at least support the following procedures prior to the reception of L1/L2 cell switch command to reduce the handover delay / interruption.
-  DL synchronization for candidate cell(s)
-    Activation/Selection of TCI states for candidate cell(s)
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