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Introduction
In this contribution, we share our view on the work area of L1 enhancements for inter-cell beam management, which includes L1 measurement and reporting, beam indication, and dynamic switch mechanism among candidate serving cells (including SpCell and SCell) [1]. 
Discussion
Focus of this agenda item
[bookmark: _Hlk115077256]The total number of TUs allocated for this WI is 6 (1TU for each meeting until September 2023, see A.2 for the details), and the TUs are shared by L1 enhancement, TA management and RAN2 triggered discussion. Therefore, it is clear that the available time for this AI is quite limited. Meanwhile, it is predictable that companies can come up with a lot of optimizations on top of ICBM (Inter cell beam management) functionalities in Rel-17 because some of optimization techniques were not introduced in Rel-17. We should avoid a such a revival discussion as much as possible, and RAN1 should focus on essential and/or important features to support new scenarios in Rel-18, i.e. L1/L2 inter-cell mobility (i.e. serving cell switch) for intra- and inter-frequency scenarios. Therefore, RAN1 should decide which issues to address in Rel-18 at an early stage of Rel-18 timeline, i.e. November 2022. 
[bookmark: O1]Observation 1
The number of allocated TUs is quite limited for this WI 
· 6 TUs in total, and roughly 3 TUs in total for L1 enhancements
[bookmark: P1]Proposal 1
RAN1 should focus on essential functionalities to support L1/L2 inter-cell mobility for intra- and inter-frequency scenarios given the limited number of allocated TUs in Rel-18. 
Optimizations to existing functionality (on top of ICBM) shall be well justified. 
· RAN1 should decide which issues to address in Rel-18 at an early stage of Rel-18 timeline, i.e. November 2022.
L1 measurement
L1 measurement has been introduced in Rel-15 in terms of L1-RSRP, and L1-SINR has also specified in Rel-16. In Rel-17, inter-cell beam measurement by using SSB is also supported by introducing additional PCI. In this sense, most of the essential functionalities for L1/L2 mobility have been specified in the previous releases. On the other hand, there are some potential optimizations that were proposed in Rel-17 but not agreed. Examples are shown below:
- L3 filtering: a coefficient is applied to the measurement results for each beam. This would be useful to avoid a ping-pong handover. On the other hand, it is not clear to us if a ping-pong is really an issue for L1/L2 mobility because the interruption time would be much shorter than that of L3 mobility. In this case, a fast tracking among cells, which was avoided for L3 mobility, would sometimes be a benefit, conversely. Furthermore, if a gNB can get the sufficient number of measurement results from a UE in time domain, the gNB can also apply L3 filtering by itself. Therefore, the necessity of L3 filtering needs more discussion in RAN1 as well as RAN 2.
- Cell level filtering; the measurement results at a UE for each beam can be averaged over multiple beam in a cell. This measurement might be useful for a gNB to understand which cell would be statistically good for handover because only 4 best beams can be reported to the gNB according to the current non-group based feedback. However again, the benefit of L1/L2 mobility would be fast tracking depending on UE mobility, it is not straightforward if such a statical measurement result is useful or not. The necessity of cell filtering needs more discussion in RAN1 as well as RAN 2.
[bookmark: O2_1]Observation 2-1
L1 measurements specified until Rel-17 can be a baseline for Rel-18 L1/L2 mobility scenarios, and optimization (such as L3/cell level filtering) to avoid ping-pong needs more discussion
Another potential area for measurement enhancement is the support of inter-frequency scenario as shown in Figure 1, which was discussed in RAN2 as well. In Rel-17, L1 measurement is extended to support non-serving cell (i.e. additional PCI), which means that the frequency of non-serving cell should be always the same as a configured cell from UE perspective. In other word, L1 measurement result cannot be obtained when the frequency of the target cell is different from any of UE configured cells. Without inter-frequency L1 measurement, there is a risk that Rel-18 L1/L2 mobility cannot support inter frequency scenarios. Although some RAN1 spec impacts (at least for TS38.215) are foreseen to support inter-frequency scenario, we believe the decision should be made in RAN2 and RAN4 to avoid the duplicated discussion among WGs and the major spec impacts exist for RAN4. 
[image: ]
Figure 1. Supported cases for L1 measurement in Rel-17
[bookmark: O2_2]Observation 2-2
Depending on RAN2 decision on the necessity and RAN4 decision on the technical feasibility, the L1 measurement mechanisms needs to be extended to support inter-frequency aspects
Given the observations in this subsection, our proposals can be made as follows. 
[bookmark: P2]Proposal 2
Consider the following as a potential Rel-18 work area on L1 beam measurement 
· L3 and/or cell level Filtered beam measurement/reporting to avoid ping-pong
· Need discussion if ping-pong is really an issue for L1/L2 mobility, given the interruption time is expected to be much smaller than that of L3
· The decision shall be aligned with RAN2, thus RAN1 can wait for RAN2 LS
· Support of inter-frequency L1 measurements
· It is up to RAN2 whether this scenario is supported in Rel-18 or not
· RAN1 can discuss the potential spec impact until RAN2 decision is made
L1 beam reporting
One leftover issue from Rel-17 is event trigger report for L1 measurement. The same idea has been has used in 3GPP technologies but not adopted for ICBM. The potential benefit of event trigger is to reduce the overhead by avoiding unnecessary reporting because the report itself is not so useful as long as the quality of the serving beam is good enough. Therefore, RAN1 can firstly discuss whether to specify or not considering the necessity of this functionality for Rel-18 new scenarios, then go to the specification work. If RAN1 agrees to support event trigger beam reporting, we should define the exact event(s) to commence the reporting, e.g. similar event defined in TS38.331 such as A1 A2 …, UE autonomous initiation etc.. In addition, it is also needed to define a UE behavior when/how to start/stop the reporting including the determination of report container. 
[bookmark: O3_1]Observation 3-1
Event trigger report for L1 measurement can help to reduce/avoid the waste of UL feedback resources
· RAN1 needs discussion whether this is essential or optimization for Rel-18 scenarios
· If specified, exact definition of event(s) and UE behavior when/how to start/stop the reporting need to be determined
Other area requiring RAN1 discussion is the optimization taking into account inter/cross-frequency aspects. Pre-Rel-18 specifications support both group-based and non-group-based CSI report, and non-group based-reporting supports RSRP reports for non-serving cells. This mechanism may not be optimum considering multi-frequency aspect. In beam management for intra-cell scenario, RSRP is basically sufficient. However, if two cells with different frequency are compared, RSRP is not used but SINR is more appropriate. In this sense, there would be some room for optimization for L1 measurement reporting to choose one best cell among multi-frequency/multi-cell circumstances. Otherwise, the UE is required to be configured with many reportConfigs to obtain sufficient measurement data by a gNB, which is not good. 
[bookmark: O3_2]Observation 3-2
Report optimization considering multi-frequency multi-cell aspect can be considered for Rel-18
· For non-group based report, Rel-18 ICBM is optimized to choose the best beam in a frequency (i.e. intra-frequency) while L1/L2 mobility requires covering different frequencies
· Rel-18 mechanism can be optimized to find the best cell amongst all candidate cells in the same or different frequencies
Given the observations above, our proposals in this section can be made as follows. 
[bookmark: P3]Proposal 3
Consider the following as a potential Rel-18 work area on L1 beam reporting 
· Event triggered beam reporting to reduce/avoid the resource waste/overhead
· Detailed event(s) needs to be defined
· UE behavior when the condition of configured event is met needs to be defined
· Optimization of L1 reporting considering inter-frequency/cross-frequency aspect
· How to obtain measurement results to find the best cell/beam among multiple frequencies with minimum overhead 
Beam indication
Beam indication is an essential part of L1/L2 mobility because beam detection and selection happen and it will cause a delay/interruption during handover. On the other hand, RAN2 has agreed that ICBM is not a prerequisite for L1/L2 mobility, and it is not clear if interCell-mTRP can be prerequisite or not. In this sense, RAN1 should consider all the possibilities for beam indication/switching regarding the timing of beam indication and L1/L2 cell switch command until the LS from RAN2 is received, and the following 3 possible cases should be kept on the table for now. Here, ICBM refers to the UE feature group 23-1-2 inter-cell beam measurement and reporting (for inter-cell BM and mTRP), and intercell-mTRP refers to the UE feature group 23-4 IntCell-mTRP.
- Case 1. Beam indication comes before L1/L2 cell switch command: This case happens when a UE is capable of ICBM and intercell-mTRP. This approach is suitable to reduce the handover interruption because DL synchronization including beam sweep procedure after the command can be done in advance. 
- Case 2. Beam indication comes together with L1/L2 cell switch command: This case happens irrespective of the UE support on intercelll-mTRP, but the beam measurement result of target cell needs to be available at the network side, which means that UE capability for ICBM is required. 
- Case 3. Beam indication comes after L1/L2 cell switch command: This case happens irrespective of UE support for either ICBM or interCell-mTRP, and the major use case would be inter-frequency mobility where DL synchronization cannot be maintained before receiving handover command. 

[image: ]
Figure 2. 3 cases for the timing relationship between L1/L2 cell switch command and beam indication
[bookmark: O4_1]A common issue for these cases is whether another enhanced functionality such as Rel-17 unified TCI can be assumed as a prerequisite of L1/L2 mobility. If yes, the design of beam indication would be much easier and simpler, but a UE is required to implement unified TCI together with L1/L2 mobility, which may lead to the delay of market introduction. Otherwise, the indication of Tx/Rx beam would be more complicated. This is one area RAN1 or RAN2 should clarify at the beginning of the work. Our preference is to have a discussion in RAN2, and RAN1 works based on their LS. 
Observation 4
Beam indication can occur before, after and/or together with L1/L2 cell switch command, and RAN1 can consider these 3 cases as possible scenarios
· This will impact on the design of beam indication signaling and L1/L2 cell switch command
Further down-selection of these cases will be done after receiving RAN2 LS on the time chart and the prerequisite UE features for L1/L2 mobility
· Potential prerequisite UE feature includes e.g. ICBM (not a prerequisite according to RAN2 agreement), interCell-mTRP and Unified TCI
Given the observation above, our proposal can be made as follows. 
[bookmark: P4]Proposal 4
Consider the following as a potential Rel-18 work area on beam indication
· How (or whether) to indicate a beam for the target cell
· When the beam is indicated before, after and/or together with cell switch command
· down-selection will be done based on RAN2 LS

Introduction of L1/L2 cell switch command 
Similar to the previous discussion, the design of cell switch command is one of the most essential parts of L1/L2 mobility. The command shall accommodate the necessary information to perform L1/L2 mobility. While most of the parameter can be pre-configured to a UE before the command received, some still need to be dynamically indicated as a content of mobility command to the UE to allow additional flexibility. An important decision on this aspect is which container to use for cell switch command, DCI or MAC CE. In Rel-17, unified TCI was specified and hence the extension (e.g. by associating more information to the codepoints) of this functionality would be straightforward from RAN1 perspective. However, use of DCI itself is not appropriate if large number of bits are required for L1/L2 mobility, which is mostly RAN2 matter. In addition, as discussed in the previous subsection, we are not sure if the unified TCI feature can be a prerequisite. In this sense, we believe a tight coordination between RAN1 and RAN2 is necessary, and RAN1 can firstly focus on clarifying the necessary information from physical layer before receiving their LS. 
[bookmark: O5_1]Observation 5-1
RAN1 to discuss the design of L1/L2 cell switch command from necessary physical layer information perspective
· which information can be included in the command, or which one can be pre-configured
Regarding the container, both DCI and MAC CE can be considered for further study
· For DCI, the existing TCI field may be reused. Otherwise, new field or new DCI can be defined
· The final decision should be done by RAN2, taking into account the size of information, etc. 
Another important discussion in RAN1 is which procedure(s) needs to be performed before receiving handover command to reduce the latency/interruption, which means that UE can be ready for fast handover. The time chart (before enhancement) discussed in RAN2 is captured below (Figure 3). Although the final decision by RAN2 has not been made, the following area would require RAN1 discussions:
- DL synchronization: This is something that can be done before cell switch command. And we believe a UE is capable of ICBM and/or interCell-mTRP can perform DL synchronization before receiving cell switch command. On the other hand, more discussion is necessary if RAN1 needs something to do other than that.
- UL synchronization: This is something that can be done before cell switch command when a UE has a capability to maintain two TAs for source and target cells, respectively. On the other hand, this topic can be discussed under the another agenda item, TA management.
- TRS tracking and CSI acquisition: In normal procedure, the TRS tracking and CSI acquisition is performed after DL and UL synchronization. It is obviously beneficial if TRS tracking and CSI acquisition of the beam at target cell can be obtained before cell switch. If RAN1 agrees to specify the necessary procedure, supported type of CSI and UE procedure should be defined
While RAN1 can make our own decision on which procedure can be done before cell switch, we believe the duplicated discussion should be avoided for our time efficiency. Our view is to start RAN1 discussion after receiving RAN2 LS on which part of time chart should be done before L1/L2 cell switch command
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Figure 3 Time chart discussed in RAN2 (before enhancements)
[bookmark: O5_2]Observation 5-2
RAN1 can discuss the detailed UE behavior before and after the L1/L2 cell switch command reception in order to reduce the latency/interruption
· The discussion is performed based on the RAN2 LS (request) on the expected time chart for Rel-18 L1/L2 mobility
Given the observations above, our proposals in this section can be made as follows:
[bookmark: P5]Proposal 5
Consider the following as a potential Rel-18 work area on L1/L2 cell switch command
· Detailed design of the command
· RAN1 should firstly discuss which information should be included in the command from physical layer perspective.
· Tight coordination with RAN2 is required 
· Detailed UE procedure before and after receiving the cell switch command
· This includes beam indication/selection at target cell, DL synchronization, UL synchronization, TRS tracking and CSI acquisition
· The decision on the expected time chart is RAN2 issue, and hence RAN1 can start the detailed discussion after receiving their LS. 
Conclusion
Our observations and proposals in this contribution are summarized below:

Observation 1
The number of allocated TUs is quite limited for this WI 
· 6 TUs in total, and roughly 3 TUs in total for L1 enhancements
Observation 2-1
L1 measurements specified until Rel-17 can be a baseline for Rel-18 L1/L2 mobility scenarios, and optimization (such as L3/cell level filtering) to avoid ping-pong needs more discussion
Observation 2-2
Depending on RAN2 decision on the necessity and RAN4 decision on the technical feasibility, the L1 measurement mechanisms needs to be extended to support inter-frequency aspects
Observation 3-1
Event trigger report for L1 measurement can help to reduce/avoid the waste of UL feedback resources
· RAN1 needs discussion whether this is essential or optimization for Rel-18 scenarios
· If specified, exact definition of event(s) and UE behavior when/how to start/stop the reporting need to be determined
Observation 3-2
Report optimization considering multi-frequency multi-cell aspect can be considered for Rel-18
· For non-group based report, Rel-18 ICBM is optimized to choose the best beam in a frequency (i.e. intra-frequency) while L1/L2 mobility requires covering different frequencies
· Rel-18 mechanism can be optimized to find the best cell amongst all candidate cells in the same or different frequencies
A common issue for these cases is whether another enhanced functionality such as Rel-17 unified TCI can be assumed as a prerequisite of L1/L2 mobility. If yes, the design of beam indication would be much easier and simpler, but a UE is required to implement unified TCI together with L1/L2 mobility, which may lead to the delay of market introduction. Otherwise, the indication of Tx/Rx beam would be more complicated. This is one area RAN1 or RAN2 should clarify at the beginning of the work. Our preference is to have a discussion in RAN2, and RAN1 works based on their LS. 
Observation 4
Beam indication can occur before, after and/or together with L1/L2 cell switch command, and RAN1 can consider these 3 cases as possible scenarios
· This will impact on the design of beam indication signaling and L1/L2 cell switch command
Further down-selection of these cases will be done after receiving RAN2 LS on the time chart and the prerequisite UE features for L1/L2 mobility
· Potential prerequisite UE feature includes e.g. ICBM (not a prerequisite according to RAN2 agreement), interCell-mTRP and Unified TCI
Observation 5-1
RAN1 to discuss the design of L1/L2 cell switch command from necessary physical layer information perspective
· which information can be included in the command, or which one can be pre-configured
Regarding the container, both DCI and MAC CE can be considered for further study
· For DCI, the existing TCI field may be reused. Otherwise, new field or new DCI can be defined
· The final decision should be done by RAN2, taking into account the size of information, etc. 
Observation 5-2
RAN1 can discuss the detailed UE behavior before and after the L1/L2 cell switch command reception in order to reduce the latency/interruption
· The discussion is performed based on the RAN2 LS (request) on the expected time chart for Rel-18 L1/L2 mobility


Proposal 1
RAN1 should focus on essential functionalities to support L1/L2 inter-cell mobility for intra- and inter-frequency scenarios given the limited number of allocated TUs in Rel-18. 
Optimizations to existing functionality (on top of ICBM) shall be well justified. 
· RAN1 should decide which issues to address in Rel-18 at an early stage of Rel-18 timeline, i.e. November 2022.
Proposal 1
RAN1 should focus on essential functionalities to support L1/L2 inter-cell mobility for intra- and inter-frequency scenarios given the limited number of allocated TUs in Rel-18. 
Optimizations to existing functionality (on top of ICBM) shall be well justified. 
· RAN1 should decide which issues to address in Rel-18 at an early stage of Rel-18 timeline, i.e. November 2022.

Proposal 2
Consider the following as a potential Rel-18 work area on L1 beam measurement 
· L3 and/or cell level Filtered beam measurement/reporting to avoid ping-pong
· Need discussion if ping-pong is really an issue for L1/L2 mobility, given the interruption time is expected to be much smaller than that of L3
· The decision shall be aligned with RAN2, thus RAN1 can wait for RAN2 LS
· Support of inter-frequency L1 measurements
· It is up to RAN2 whether this scenario is supported in Rel-18 or not
· RAN1 can discuss the potential spec impact until RAN2 decision is made
Proposal 3
Consider the following as a potential Rel-18 work area on L1 beam reporting 
· Event triggered beam reporting to reduce/avoid the resource waste/overhead
· Detailed event(s) needs to be defined
· UE behavior when the condition of configured event is met needs to be defined
· Optimization of L1 reporting considering inter-frequency/cross-frequency aspect
· How to obtain measurement results to find the best cell/beam among multiple frequencies with minimum overhead 
Proposal 4
Consider the following as a potential Rel-18 work area on beam indication
· How (or whether) to indicate a beam for the target cell
· When the beam is indicated before, after and/or together with cell switch command
· down-selection will be done based on RAN2 LS
Proposal 5
Consider the following as a potential Rel-18 work area on L1/L2 cell switch command
· Detailed design of the command
· RAN1 should firstly discuss which information should be included in the command from physical layer perspective.
· Tight coordination with RAN2 is required 
· Detailed UE procedure before and after receiving the cell switch command
· This includes beam indication/selection at target cell, DL synchronization, UL synchronization, TRS tracking and CSI acquisition
· The decision on the expected time chart is RAN2 issue, and hence RAN1 can start the detailed discussion after receiving their LS. 
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A. Annex
A.1. WID in RP-222332

The detailed objective of this work item is captured below:

1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized

1. To specify mechanism and procedures of NR-DC with selective activation of the cell groups (at least for SCG) via L3 enhancements:
· To allow subsequent cell group change after changing CG without reconfiguration and re-initiation of CPC/CPA [RAN2, RAN3, RAN4]
Note 4: A harmonized RRC modelling approach for objectives 1 and 2 could be considered to minimize the workload in RAN2.

1. To specify data forwarding optimizations for CHO including target MCG and target SCG in NR-DC [RAN3]. 


1. To specify CHO including target MCG and candidate SCGs for CPC/CPA in NR-DC [RAN3, RAN2]
· CHO including target MCG and target SCG is used as the baseline

1. To specify RRM core requirements for the following, as necessary [RAN4]:
1. L1/L2-based inter-cell mobility
1. Enhanced CHO configurations addressed by this WI

1. To specify RF requirements to cover inter-frequency L1/L2-based mobility, as necessary [RAN4].

1. To study the following, with completion targeted by RAN#98 meeting [RAN4]:
1. The impact of FR2 RRM mobility measurement acquisition and reporting on FR2 SCell/SCG setup/resume delay for a UE connecting from idle/inactive mode. 
1. The level of feasible improvement in FR2 SCell/SCG setup delay from defining new UE measurement procedures and RRM core requirements, and whether additional information from the network would help the UE to perform those measurements effectively. The following sequence of events should be assumed.
0. The UE initiates and performs improved measurements when it requests RRC connection setup/resume.
0. After acquiring those improved measurements, the UE subsequently reports those measurements to the network to support SCell/SCG setup.

A.2. [bookmark: _Ref115180580]TU allocation
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