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Introduction
In RAN #93 and #94 meeting, most of the companies prefer to support L1/L2 based inter-cell mobility in Rel-18 to reduce mobility latency. And the work item on further NR mobility enhancements was proposed as follows [1]:
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
In this contribution, we will further discuss some possible L1 enhancements for inter-cell beam management and the dynamic switch mechanism among candidate cells.

Discussion on L1 measurement for inter-cell beam management
L1 Measurement
Intra-frequency measurement
In RAN1 110-bis meeting, an agreement with respect to intra-frequency L1 measurement was adopted in chairman’s note as follows [2]:
[110-bis] 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.

Based on the LS reply form RAN4 [5], RTD between the SSBs of serving cell and neighbor cell on the same carrier can be larger than CP length of the corresponding SCS with additional UE capability. And about the parameter sfn-SSB-offset, the SFN offset alignment can be relaxed if UE performs L3 measurement before L1 measurement. What’s more, some scenarios that the SSB for intra-frequency L1 measurement may not be covered by serving cell active BWP will be considered. Therefore, these restrictions in Rel-17 intra-frequency L1 non-serving cell measurement defined in 9.13.2 of TS38.133 should relaxed.
Observation 1: The restrictions about SFN offset alignment, BWP setting and Rx timing difference, imposed on the Rel-17 intra-frequency L1 non-serving cell measurement can be relaxed based on the LS reply from RAN4
Inter frequency measurement
We have reached the following agreements about inter-frequency measurement [2][3]:
[110-bis] 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
[111] Agreement
· For Rel-18 LTM, L1 inter-frequency measurement is supported from RAN1 point of view.

From RAN1 perspective, inter-frequency L1 measurement should be supported. For inter-frequency measurement, it will take time for UE to retune RF before perform L1 measurement on candidate cell RS, UE cannot transmit to or receive from serving cell during this time. Therefore, a measurement gap/window may need to be introduced in L1 measurement in L1/L2 mobility as shown in Figure 1, otherwise serving cell may transmit data when UE is retuning RF, which will result in data loss. Or, the measurement gap in RRM measurement could be reused when the measurement RS in both case is the same.


Fig.1 UE RF retuning for inter-frequency measurement
Proposal 1: L1 measurement gap/window needs to be introduced to support inter-frequency beam measurement.

Measurement quantity
Agreements about the measurement quantity reached in previous meetings are shown as bellow [2][3]:
[110-b] 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.
[111] Agreement
· For candidate cell measurement for Rel-18 LTM, 
· SSB based L1-RSRP is supported for intra-frequency measurement
· SSB based L1-RSRP is supported for inter-frequency measurement from RAN1 point of view
· FFS: L1-SINR, CSI-RS based L1-RSRP
Currently, only RSRP is supported as the measurement quantity in LTM to decide whether cell switch should be performed. However, given the interference, a better RSRP may not mean the better channel quantity. For example, as shown in figure 2, even the measurement RSRP corresponding to beam 2 is better than that of beam 1, it is more appropriate to keep cell 1 as the serving cell for UE because of the interference from cell3. Thus, to provide more accurate information for serving cell to decide whether UE should switch to another candidate cell, L1-RSRP can be also supported as measurement quantity.


Fig.2 Channel quantity considering interference
Proposal 2: L1-RSRP can be also supported as measurement quantity to provide more accurate information for serving cell to decide whether UE should switch to one of the candidate cells.

UE based filtering for L1 measurement.
The intention to introduce UE based filtering for L1 measurement was to avoid ping-pong issue in LTM based on the discussion in last two meetings. We do not think it necessary to further filter L1 measurement results by UE. 
First, form our understanding, the cell switch decision is up to NW and the ping-pong issue could be partly avoided by NW with an appropriate cell switch decision criterion. That is the L1 measurement results can be further filtered by NW to avoid ping-pong issue. Secondly, based on the LS from RAN2, sequential L1/L2 cell switch between candidate cells can be supported in L1/L2 mobility, which means UE is actually allowed to switch among these cells more dynamically than conventional handover. NW can decide whether the L1 measurement results need to be filtered or not. In addition, if the results are filtered by UE and then reported to NW. NW does not know the best beam(s) between UE and candidate cell(s). When NW work decide to perform cell switch, another beam management procedure should be executed to get the transmission beam of target cell.
In short, we do not support UE based filtering for L1 measurement results in LTM.
Proposal 3: Do not support UE based filtering for L1 measurement results in LTM.

Configuration of L1 measurement RS
Based on the LS reply from RAN2 [8], the configuration of RS and/or CSI resource configuration is included in the LTM-Config IE and is a separate configuration, as illustrated in figure 3. Both RS configuration and CSI resource configuration are provided in the LTM-Config IE and are outside of the LTM candidate cell configuration.
Observation 2: The RS configuration and CSI resource configuration are included in the LTM-Config IE and are outside of the LTM candidate cell configuration


Fig.3 The configuration structure of RS and CSI resource configuration
L1 Reporting
Contents of L1 measurement reporting
There is a working assumption about the number of beams and cells that can be reported in a single reporting instance as following [7]:
[113] Working Assumption
· For the beam selection for SSB based L1-RSRP measurement report,
· For the value of M, L 
· the RRC configured candidate values are: 
· M = 1, 2, 3, 4
· L = [1], 2, 3, 4
· Note: the maximum value of M*L and combination of M and L is up to UE capability
From our understanding, the maximum value of M*L is decided based on the size of reporting resource, PUCCH or PUSCH, not decided by UE capability. Therefore, any values of L and M can be supported within the limits of the size of reporting resource. Considering that the candidate values of M are {1, 2, 3, 4} for a single cell in legacy beam reporting, these candidate values of M for a single cell can be reused in LTM. About the candidate values of L, all values less than the maximum number of candidate cells that can be configured to UE can be supported. Or, if the number of cells that UE can perform L1 measurement simultaneously is limited, all values less than that can be supported.
Proposal 4: Support the working assumption with the following modifications:
Working Assumption
For the beam selection for SSB based L1-RSRP measurement report,
· For the value of M, L
· the RRC configured candidate values are: 
· M = 1, 2, 3, 4
· L = 1, 2, …, N
· N is the maximum number of candidate cells that can be configured to UE or candidate cells that UE can perform L1 measurement simultaneously
· Note: the maximum value of M*L and combination of M and L is up to UE capability
Configuration of L1 reporting
Based on the LS reply from RAN2 [8], L1 reporting configuration is configured in serving cell configuration. Because the measurement results are reported to serving cell and correspondingly, the report resource, PUCCH or PUSCH, belongs to serving cell. 
Observation 3: L1 Report Configuration is provided under the configuration of serving cell based on the LS reply from RAN2.

Beam indication of target cell
Beam indication timing for target cell
There are some agreements about the beam indication time for target cell in LTM as shown below [3][7]:
[111] Agreement
· For beam indication timing for Rel-18 LTM, 
· Support Scenario 2: Beam indication together with cell switch command, 
· For Rel-17 unified TCI framework, 
· Beam indication indicates TCI state for each target serving cell
· FFS: Scenario 1: Beam indication before cell switch command
· FFS: Scenario 3: Beam indication after cell switch command
· FFS: Activation of TCI state(s) of target serving and/or candidate cell(s). 
[113] Agreement 
· A UE can be indicated and activated a single joint TCI state or a pair of UL/DL TCI state in the cell switch command.
[113] Conclusion
For R18 LTM, in order to activate multiple joint TCI state or/and pair of (DL/UL) TCI states for candidate cell case, do not support TCI state activation together with beam indication of the candidate cell in the same MAC-CE message.
· FFS: UE assumption on the active TCI states other than the indicated TCI state after the reception of the cell switch command.

For beam indication time, there are three possible scenarios and at least scenario 2 where beam of target cell is indicated together with cell switch command is supported. Whether scenario 1 and scenario 3 need to be supported is not decided yet.
[bookmark: _Hlk118382045]In this section, we are going to evaluate the beam indication timing for target cell. For scenario 2, based on the agreements about beam indication/activation for scenario2, there are two cases, denoted as scenario 2-1 and scenario 2-2, as shown in Figure 4, in which T is cell switch preparing time, T0 is additional beam application time when the indicated TCI state is not activated before. In scenario 2-1, the TCI state of target cell is indicated/activated together with cell switch command. In scenario 2-2, the TCI states of target cell are activated before cell switch command. 
For scenario1, first, the time overhead of cell switch is higher than that of scenario2-1. Secondly, after UE receive the TCI state of target cell, UE cannot transmit to or receive from target cell because UE will not handle RRC configuration of target cell before it receives cell switch command. Therefore, the interruption time is longer than scenario2-2. In addition, the target cell is implicitly indicated by the beam indication of target cell already. Why bother to split the beam indication signaling and cell switch command? While, because we already agreed that the MAC CE carrying cell switch trigger information is used as cell switch command. Including the beam indication in that MAC CE is more appropriate.
About scenario 3, after UE receive the cell switch command, it will start to perform cell switch. We don’t think it can receive signaling from serving cell anymore. If it is specified that UE starts to perform cell switch after it receives the beam indication of target cell, which is really weird, there is more time overhead compared with scenario 2-1. Why does not gNB just transmit the beam indication together with cell switch command?
Therefore, for the beam indication of target cell, we do not support scenario 1 and scenario 3.
Proposal 5: For the beam indication of target cell, we do not support scenario 1 and scenario 3.


Fig.4 Evaluation of the beam indication timing

Beam indication mechanism
We already agreed that the beam indication in LTM should at least based on Rel-17 unified TCI framework. And about the beam indication of target cell, we have reached the following agreements [4]:
[112] 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

In Rel-17 unified TCI, some channels or signals might not follow Rel-17 unified TCI based RRC configuration. However, before cell switch, UE does not process the RRC configuration of target cell and correspondingly it does not know which signal/channel doesn’t follow the Rel-17 unified TCI indicated in cell switch command. Therefore, the beam indicated in cell switch command should be used to all channel/signals before new TCI state is configured or indicated by the target cell.
Proposal 6: The beam indicated in cell switch command should be used to all channel/signals before new TCI state is activated or indicated by the target cell.
In Rel-17 unified TCI, there are joint DL/UL beam indication and separate DL/UL beam indication, which are configured by RRC signaling. Similarly, before cell switch, UE does not process the RRC configuration of target cell. Then, it does not know whether joint DL/UL beam indication or separate DL/UL beam indication for target cell is configured. The simplest way to solve this issue is to assume that the beam indication of target cell is joint DL/UL beam indication before new TCI state is activated or indicated by the target cell.
Proposal 7: UE can assume that the beam indicated in cell switch command is joint DL/UL beam indication before new TCI state is activated or indicated by the target cell.

Discussion on Cell switch
The first UL data transmission to the target cell
Based on LS from RAN2 [9], the resource for the first UL data transmission to the target cell can be dynamic grant and configured grant. For dynamic grant, UE monitors PDCCH for dynamic scheduling from the target cell after cell switch. While, the configured grant occasion is configured by serving cell.
Observation 4: Dynamic grant and configured grant can be used for the first UL data transmission to the target cell based on the LS from RAN2.
If configured grant is used for the first UL data transmission, in order to avoid wasting of resource before cell switch, cell switch command can be used to active the configured grant occasion.
Proposal 8: The configured grant occasion for the first UL data transmission to the target cell can be activated by cell switch command.

Conclusion
In this contribution, we discussed the possible L1 enhancements for inter-cell beam management and the dynamic switch mechanism among candidate cells in L1/L2 mobility. Based on above discusses, we provide the following proposals:
Observation 1: The restrictions about SFN offset alignment, BWP setting and Rx timing difference, imposed on the Rel-17 intra-frequency L1 non-serving cell measurement can be relaxed based on the LS reply from RAN4
Proposal 1: L1 measurement gap/window needs to be introduced to support inter-frequency beam measurement.
Proposal 2: L1-RSRP can be also supported as measurement quantity to provide more accurate information for serving cell to decide whether UE should switch to one of the candidate cells.
Proposal 3: Do not support UE based filtering for L1 measurement results in LTM.
Observation 2: The RS configuration and CSI resource configuration are included in the LTM-Config IE and are outside of the LTM candidate cell configuration
Proposal 4: Support the working assumption with the following modifications:
Working Assumption
For the beam selection for SSB based L1-RSRP measurement report,
· For the value of M, L
· the RRC configured candidate values are: 
· M = 1, 2, 3, 4
· L = 1, 2, …, N
· N is the maximum number of candidate cells that can be configured to UE or candidate cells that UE can perform L1 measurement simultaneously
· Note: the maximum value of M*L and combination of M and L is up to UE capability
Observation 3: L1 Report Configuration is provided under the configuration of serving cell based on the LS reply from RAN2.
Proposal 5: For the beam indication of target cell, we do not support scenario 1 and scenario 3.
Proposal 6: The beam indicated in cell switch command should be used to all channel/signals before new TCI state is activated or indicated by the target cell.
Proposal 7: UE can assume that the beam indicated in cell switch command is joint DL/UL beam indication before new TCI state is activated or indicated by the target cell.
Observation 4: Dynamic grant and configured grant can be used for the first UL data transmission to the target cell based on the LS from RAN2.
Proposal 8: The configured grant occasion for the first UL data transmission to the target cell can be activated by cell switch command.
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