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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
One of the Rel-18 Mobility WI scops is to support L1/L2 signaling based mobility (LTM). LTM will be supported based on L1 measurement/report and shall be performed by sending a cell switch command (CSC) MAC CE. In this paper, we provide our views on the L1 measurement and beam indication aspects for LTM.

The following agreements were reached in RAN1#111:
	Agreement
· For Rel-18 LTM, L1 inter-frequency measurement is supported from RAN1 point of view.
Agreement
· Regarding the potential RAN1 enhancements to reduce the handover delay / interruption for Rel-18 LTM
· Support at least DL synchronization for candidate cell(s) based on at least SSB before cell switch command
· Further study the necessary mechanism, e.g. signaling and UE capability
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
Agreement
The beam indication of candidate cell(s) for Rel-18 LTM should be designed based on the following:
· Beam indication for Rel-18 LTM is designed based on Rel-17 unified TCI framework, if both serving cell and candidate cell support Rel-17 unified TCI framework 
· FFS: whether/how to design mechanism for Beam indication for Rel-18 LTM when at least one from serving cell and candidate cell supports only Rel-15 TCI framework.
· Note: How and whether to indicate the new serving cell(s) and timing for beam indication are separately discussed 
Agreement
For gNB scheduled L1 measurement report for Rel-18 LTM, report as UCI is supported
· Semi-persistent report on PUSCH, and aperiodic report on PUSCH are supported
· FFS: periodic and semi-persistent PUCCH
· In a single report instance, report for serving cell and candidate cell(s) for intra-frequency and/or inter-frequency can be included. 
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). 


The following essential agreements were achieved in RAN1#112:
	Agreement
· RAN1 shares the same understanding as RAN2 on agreement:
· The LTM mobility trigger information is conveyed in a MAC CE
· The same MAC CE is used for the LTM triggering.
Agreement
The agreement on scenario 2 (Beam indication together with cell switch command) at RAN1#111 is further clarified as the following:
· Beam indication for the target cell(s) is conveyed in the MAC CE used for LTM triggering for scenario 2
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 

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



The following agreements were reached in RAN1#112bis:
	Agreement
· Adopt Alt.2 for beam indication of target cell(s) and TCI state activation for candidate cell(s) (if supported) , 
· Alt. 2: By indicating Rel-17 TCI state index
Agreement
From RAN1 point of view, at least the following information can be included in the cell switch command, which is conveyed by MAC CE
· Information to identify the target cell(s)
· The details including bit number are designed by RAN2
· TA related information (details up to the discussion in A.I. 9.10.2)
· 1 joint or 1 pair of UL and DL unified TCI State index for the target Cell
· Note: discussion on target SpCell is not precluded
· Active DL and UL BWPs for the target cell
· FFS: Triggering of aperiodic TRS transmitted from the target cell
· FFS: Triggering the CSI acquisition of the target cell and reporting to the target cell
· FFS: Triggering of aperiodic SRS transmission to the target cell
· FFS: C-RNTI
FFS: the presence of each field (i.e. always present or configurable)
Agreement
For the beam selection for SSB based L1-RSRP measurement report,
· Beam selection is performed across the L cells from configured (or activated, if introduced) cells, i.e. M beams for each of the L cells 
· FFS: How to select the L cells and M beams per cells is up to UE
· M x L beams are reported in a single report instance
· Max values of M and L are based on UE capability, and at least M x L=4 is supported as a UE capability, other UE capabilities are FFS 
· FFS if UE is allowed to report less than M x L beams 
· The values of M and L are configured to the UE in the reporting configuration 
· FFS: The following configurability is introduced in the report configuration
· 1) Whether serving cell is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2
· 2) at least one of the inter-frequency cells is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2 and at least one cell in inter-frequency
Agreement
For the Rel-17 unified TCI based beam indication in Rel-18 LTM, at least Alt 1 is supported:
· Alt 1: TCI state activation of a candidate cell is received before the reception of beam indication of the candidate cell, 
· Alt 2: TCI state activation of a candidate cell is received together with the reception of beam indication of the candidate cell
· FFS: signalling details for TCI state indication, if both activation and indication are done in the same MAC CE message carrying switch command
· Alt 3: Alt 1 and/or Alt 2 can be supported based on the UE capability
FFS: signalling details for TCI state activation
FFS: For Alt 1, whether/how TCI state activation for candidate cell(s) is allowed
Note: If scenarios 1 and 3 are to be supported other beam indication/TCI activation timing relationships are not precluded.

Agreement
· Periodic and semi-persistent report on PUCCH are also supported for gNB scheduled L1-measurement reporting.

Agreement
· RRC parameter ss-PBCH-BlockPower for candidate cells is included in the LTM configuration.
· UE needs the parameter to (at least) perform RACH towards candidate cells
· Note: how to capture this parameter and RRC structure are up to RAN2

Working Assumption
On the presence of beam indication within cell switch command, at least for scenario 2, following is supported:
· A field to indicate 1 joint or 1 pair of UL and DL unified TCI State index for the target cell field is always present in the cell switch command.
Note: If scenarios 1 and 3 are agreed to be supported in R18 LTM other solutions may be considered.


The following agreements were reached in RAN1#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

Conclusion
There is no consensus to support the following procedures prior to the reception of L1/L2 cell switch command aiming at the reduction of handover delay/interruption in Rel-18 LTM
· CSI acquisition for candidate before reception of cell switch command
Note: At least for the candidate cells which are current serving cells, the CSI acquisition prior to cell switch command will be supported

Conclusion
There is no consensus to introduce additional mechanism to support the following procedures prior to and joint with the reception of L1/L2 cell switch command aiming at the reduction of handover delay/interruption in Rel-18 LTM
· TRS tracking for candidate cells 
FFS: Whether/How the QCL reference information of TCI states of the candidate cell should be mapped to the source SSB
Note: At least for the candidate cells which are current serving cells, TRS tracking prior to cell switch command is supported

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.

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.

Agreement
· For the configuration of SSB based L1-RSRP measurement, 
· periodicity of SSB, SSB position in burst are provided as time domain information for intra- and inter- frequency

Agreement
· Each TCI state included up to 2 qcl-types and each qcl-type source RS in a QCL-Info of the TCI state is provided at least based on the RS configuration for LTM
· FFS: other RS index outside measurement RS configuration for LTM
· FFS: Additional contents of TCI states for LTM

Agreement
· For TCI state activation for candidate cell(s) before the cell switch command, 
· MAC CE is used and the details of MAC-CE for TCI state activation for LTM is up to RAN2
· Further study if PDCCH order for candidate cell(s) can be used

Agreement
· For the beam application time for Rel-18 LTM,
· Beam application time is supported, and starts after the last symbol of the PUCCH or PUSCH carrying the HARQ-ACK for the PDSCH which carries MAC-CE containing cell switch command with the beam indication for the target cell(s)
· FFS: reference SCS, i.e. serving cell and/or target cell
· At least the following components are further studied to define the beam application time
· Whether TCI state activation is received before/together with cell switch command
· Legacy values, i.e.  and BeamAppTime-r17
· RF retuning time when inter-frequency switch is performed, which is up to RAN4
· Whether the target cell is one of the current serving cells
· Cell switching time, which is defined by RAN2 and RAN4, may or may not include the potential components of beam application time above. 
· Send an LS to RAN2 and RAN4 to ask their feedback

Agreement
· For the beam selection for SSB based L1-RSRP measurement report,
· The inclusion of current SpCell in the L1 measurement report is configurable.
· new UE capability(ies) are introduced and details can be discussed in UE feature

Agreement
· Send an LS to RAN2,3,4 on the RAN1 agreements in this meeting 
· All agreements in AI 9.10.1 and 9.10.2 in RAN1#113 are included
· The following information to RAN2 is included:
· Whether C-RNTI that is to be used by target cell needs to be included within the MAC-CE containing cell switch command will be left to RAN2 decision.
· It will be left to RAN2 decision whether the following fields are always present or not in the cell switch command:
· TA related information

Conclusion
· For the beam selection for SSB based L1-RSRP measurement report, except SpCell is configured to be included, 
· the selection of cells for the L1 measurement report is up to UE implementation.
· the selection of beams per cell for the L1 measurement report is the same as legacy behaviour.

Conclusion
No consensus to introduce UE/event triggered report for L1 measurement results for LTM in Rel-18



The following agreements were reached in RAN2#122
	Dynamic grant can be used for RACH-less LTM, for the first UL data transmission to the target cell:
- the UE monitors PDCCH for dynamic scheduling from the target cell, upon LTM cell switch. 
- upon cell switch decision, R2 assumes that the source DU informs the target DU about the selected beam, so that the target DU can start scheduling dynamic UL grant. 
Configured grant can be used for RACH-less LTM, for the first UL data transmission to the target cell, the UE selects the configured grant occasion, which is associated with the beam indicated in the LTM MAC CE (as set by source cell). FFS further optimization 
For early TA acquisition for candidate Cells
For PDCCH ordered early TA acquisition without RAR, there is no need for UE to maintain the TA timer for candidate cell (i.e. it is NW implementation to determine the TA validity), TA is given in the cell switch MAC CE (when available in the network). 
RAN2 doesn’t see a need for a solution with RAR in for Rel-18. 
Observation: Without RAR (without UE maintaining TA), the UE will need to do RACH for link recovery and/or conditional (if supported), which is acceptable in Rel-18
The UE determines to trigger RACH-less cell switch in MAC layer, if the LTM cell switch MAC CE provides the TA value (no RAR is assumed).
We send LS to R1 
Remove the duplication of the action text (in the previous section). With this change the LS out is approved in R2-2306897
Can use legacy behaviour: 
P2: RAN2 assumes that network implementation allows speedy data recovery for RLC AM bearer at intra-DU LTM cell switch without specification impact. 
P3: The PDCP data recovery procedure can be applied to the RLC AM bearers for inter-DU LTM cell switch. 
Will not support HARQ continue at LTM cell switch in this release.
For L1 measurements for LTM
The RS configuration is provided to the UE per LTM candidate cell.
RAN2 assumes that Each candidate DU needs to know the RS configuration of each candidate DUs in order to provide the LTM candidate configuration.
RAN2 assumes that The CU transmits to each C-DU the RS configuration of S-DU (if this is an LTM candidate cell) and/or other C-DUs, to generate the corresponding L1 configuration for LTM.
RAN2 assumes C-DU generates the RS configuration and send to the CU. The CU transmits to the Source DU the RS configuration per LTM candidate cell and the associated LTM candidate (when the CU receives LTM candidate configuration(s) from the C-DU). It is up to RAN3 whether the RS configuration is sent before (or at the same time of) the C-DU creates the LTM candidate configuration (and whether is semi-statis or UE associated).
The RS configuration and/or CSI resource configuration for measuring LTM candidate cells is included in the LTM-Config IE and is a separate configuration, e.g. outside of the LTM candidate configuration. 
CSI reports for LTM candidates (neighbour cell reports for the purpose of LTM cell switch) are configured by the serving cell in an IE that is like CSI-ReportConfig for LTM within the ServingCellConfig since this is the cell in which the report is to be transmitted.
RAN2 assumes the following about CSI measurement reporting for LTM (final decision up to RAN1):
a.	UE reports all measured LTM candidate cells in a single report; or
b.	UE reports one or a subset of measured LTM candidate cell(s) in a report.
RAN2 to send an LS to RAN1 RAN3 RAN4, offline. Can also consider whether we should ask questions, continue in the offline [005]
Remove the duplicate action text. With this change LS out is Approved in R2-2306898
If the TA maintenance etc for candidate cell(s) in the UE is needed, the TA(s) associated with candidate cell(s) can be maintained during LTM (TDB exactly which cells decide stage-3). 
For non-TA parts, we do MAC reset, which overrides earlier agreements on partial MAC reset. As earlier agreed RLC-AM can continue at LTM cell switch (intended for intra-DU).




Discussion
Measurement and report configuration
The following agreements were reached by RAN2 on the configuration of configuration of L1 measurement for LTM:
	<L1 measurements>
[bookmark: _Hlk133414120]Initial agreements, from RAN2 point of view (may be dep on RAN1 progress). 
The location of RS configuration for SSB-based measurements of candidate cells is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells. The RS configuration, per RAN1 agreement, can include PCI or logical ID, SMTC location, frequency location, and SCS.
RAN2 assumes that the location of configurations of TCI states for the candidate cells (used before/at cell switch) is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells (same location as RS configuration).
RAN2 assumes that For L1 measurements of LTM candidate cells, the reporting configuration is placed inside the ServingCellConfig of current serving cell(s). 

	Chair: the agreements above may need to be further evaluated, e.g. wrt subsequent LTM switches. 

RAN2 assumes that whether filtering, hysteresis, and time-to-trigger are needed for LTM specific L1 measurements is up to RAN1.
FFS if the LTM specific L1 measurements of an LTM candidate SCell is independent of its activation status.
Whether to assume L1/L2 signaling to control or change L1 measurement/reporting for LTM needs further discussion (parts may be discussed in RAN1). RAN2 assumes that such control would be limited to certain aspect that need frequent update and restricted by RRC configuration.

The RS configuration and/or CSI resource configuration for measuring LTM candidate cells is included in the LTM-Config IE and is a separate configuration, e.g. outside of the LTM candidate configuration. 
[bookmark: _Hlk142313081]CSI reports for LTM candidates (neighbour cell reports for the purpose of LTM cell switch) are configured by the serving cell in an IE that is like CSI-ReportConfig for LTM within the ServingCellConfig since this is the cell in which the report is to be transmitted.
RAN2 assumes the following about CSI measurement reporting for LTM (final decision up to RAN1):
a.	UE reports all measured LTM candidate cells in a single report; or
b.	UE reports one or a subset of measured LTM candidate cell(s) in a report.




L1 measurement and report for LTM can be supported based on on CSI framework and it was approved only to support SSB based LTM in Rel-18 in RAN#100. Before we discuss the details on the L1 measurement and report configuration. RAN1 should firstly reach a common understanding on how to configure a LTM measuement or report. We think current CSI reporting framework based on CSI-ReportConfig should be reused other than introducing another configuration framework to reduce the potential specification efforts. 
Proposal 1 [bookmark: _Toc134705443][bookmark: _Toc134709637][bookmark: _Toc134715320][bookmark: _Toc142319652][bookmark: _Toc142638386]Use CSI-ReportConfig for the L1 measurement and report configuration for LTM in ServingCellConfig.

To support inter-frequency measurement, the RF switching gap should be considered. This can be implemented by introducing RF switching gap for each of the CSI report configuration for LTM or directly configure multiple measurement gap.
With legacy CSI report configuration for LTM the UE shall firstly determine a DL slot for the reception of the candidate cell RS based on CSI reference resource framework and apply a gap for RF switching before and after the CSI reference resource to specify the UE and gNB behavior. Therefore, the RF switching gap should be explicitly determined to specify the UE behavior in physical layer, which is different from that for L3 measurement.
Two typical scenarios are identified as inter-frequency mobility as follows:
· Scenario 1: The frequency of the measured RS is not covered by any of the active BWPs of SpCell and Scells configured for a UE but is covered by some of the configured BWPs of SpCell and Scells configured for a UE.
· Scenario 2: The frequency of the measured RS is not covered by any of the configured BWPs of SpCell and Scells configured for a UE.
For scenario 1, the RF switching gap can be implemented by a BWP switching gap as illustrated in Figure 1. No specification change is required for this scenario. 


[bookmark: _Ref123652758][bookmark: OLE_LINK5]Figure 1 L1 measurement for scenario 1
For scenario 2, the UE requires an explicit RF switching gap to switch to the measurement frequency for candidate cell RS reception. Similar with scenario 1, the UE should complete the RF switching before the reception the of candidate cell RSs. An example is provided in Figure 2. A GAP is added before the reception of the RS in CMR and after the reception of the RS corresponding to the triggered CSI report for the RF to tune between the two frequencies.


[bookmark: _Ref127279128]Figure 2 L1 measurement for scenario 2

Another option is to introduce measurement gap for L1 measurement for LTM, and the RF switching gap is covered by each of the configured measurement gap. Each measurement gap is consisted of one or more continues DL slots and configured by RRC parameter, and each CSI report configuration for LTM is associated with a measurement gap to obtain the corresponding beam report. To reduce the measurement overhead, all the resources from different candidate cells configured for a CSI report for LTM can be covered by a same measurement gap.
Proposal 2 [bookmark: _Toc134709639][bookmark: _Toc134715321][bookmark: _Toc142319653][bookmark: _Toc134705445][bookmark: _Toc142638387]Consider the following two options for CSI report for LTM
· [bookmark: _Toc134709640][bookmark: _Toc134715322][bookmark: _Toc142319654][bookmark: _Toc142638388]Option 1: Introduce a RF switching gap for CSI report configured for LTM for inter-frequency measurement.
· [bookmark: _Toc134709641][bookmark: _Toc134715323][bookmark: _Toc142319655][bookmark: _Toc142638389]Option 2: A UE can be configured with multiple measurement gaps for L1 measurement for LTM, and each CSI report for LTM is associated with a measurement gap to obtain the corresponding beam report.

Beam measurement and beam report for LTM
RAN4 reached the following agreements on L1 measurement and beam report for LTM:
	Agreements@RAN4#107
· Whether to use final L3 measurement results for L1 measurement report
· Baseline: UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report
· UE shall support L1 measurements for at least [2 or 3] neighboring cells
· Introduce optional UE support to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report
· Note 1: No impact on RAN1/2 design is expected
· Note 2: the principles of the solution need to be agreed in RAN4 #108 meetings and the mechanism can be removed if no consensus reached on solution.



RAN4 agreed to introduce an optional UE feature to report L3 measurement results in L1 beam report but without expected RAN1 impact. However, from NW perspective, L3 measurement results, which corresponds to filtered RSRP, and L1 measurement result, which corresponds to L1-RSRP, is different and may correspond to different reference resources. For example, L3 measurement result is a more stable result for the NW to make the LTM decision, while L1 measurement results are more useful for beam activation and indication for candidate cells. As a result, it’s better to let the gNB know the reported measurement result is a L1 measurement result or a L3 measurement result. Therefore, we propose the following enhancements on the beam report.
· Option 1: If a UE reports a capability to report L3 measurement results in L1 beam report, gNB can configure a beam report for the UE and indicate the UE to report L1 RSRP or L3 filtered RSRP. 
· For example, the gNB can configure a CSI-ReportConfig with the parameter reportQuality set to SSBRI-FilteredRSRP
· Option 2: It’s up to UE to report L1 RSRP or L3 filtered RSRP in each beam report, but the UE needs to indicate the reported RSRP is a L1 RSRP or a L3 filtered RSRP. For example, a one-bit indication can be included in each beam report. If the UE indicates the reported RSRPs are L1 measurement results, all the reported RSRPs correspond to L1-RSRP. If the UE indicates the reported RSRPs are L3 measurement results, all the reported RSRPs correspond to L3 filtered RSRP.
Proposal 3 [bookmark: _Toc142319656][bookmark: _Toc142638390]Consider the following enhancements for the UE support to report L3 measurement results in L1 beam report
· [bookmark: _Toc142319657][bookmark: _Toc142638391]Option 1: If a UE reports a capability to report L3 measurement results in L1 beam report, gNB can configure a beam report for the UE and indicate the UE to report L1 RSRP or L3 filtered RSRP
· [bookmark: _Toc142319658][bookmark: _Toc142638392]Option 2: It’s up to UE to report L1 RSRP or L3 filtered RSRP in each beam report, but the UE needs to indicate the reported RSRP is a L1 RSRP or a L3 filtered RSRP.

[bookmark: OLE_LINK1]CSI acquisition and TRS tracking for the target cell
The motivation of LTM is to reduce the HO latency and enable the fast data transmission in the target cell. It has agreed the LTM command can indicate a TCI state for data transmission in the target cell. To support fast data transmission in the target cell, CSI acquisition and TRS tracking need to be established in the target cell as soon as the cell switching command is sent to the UE. For example, the LTM command can further trigger a CSI measurement and report procedure to enable the fast CSI acquisition based on the indicated TCI state. The parameters for the corresponding CSI-RS receptions can be pre-configured in the candidate cell configuration or be specified. For fast TRS tracking in the target cell, a short TRS can be  triggered to for measurement begin the 1st slot when the UE HO to the target cell for fast TRS tracking.
Proposal 4 [bookmark: _Toc127284347][bookmark: _Toc131539117][bookmark: _Toc134705449][bookmark: _Toc134709645][bookmark: _Toc134715327][bookmark: _Toc142319659][bookmark: _Toc142638393]Support fast CSI acquisition and TRS tracking for the target cell in LTM

TCI preparation and configuration
The TCI states for candidate cells is provided by serving cell for early TCI state activation and the TCI indication in the LTM MAC CE, i.e., the cell switch command (CSC). After switch to target cell, a new set of TCI states for the target cell will be provided. It has been agreed that the TCI state in early TCI configuration should provide two different QCL types as that in Rel-17. Since one or a pair of activated TCI states may be indicated by the LTM MAC CE for data transmission in the target cell, we provide the following further restriction on the TCI state configuration to enable UL power control in the target cell and establish the default TCI:
Each joint TCI state or UL TCI state configured for each candidate cell should be associated with a PL-RS and a set of power control sets for each UL channel or signal for UL transmission in the target serving cell. The PL-RS should be QCLed with the QCL-TypeD RS configured in the TCI state and are associated with a same candidate cell or a same PCI. Alternatively, a dedicated power control parameter set including P0, alpha and closed loop index can be configured for a candidate cell instead of configuring them for each TCI state. The QCL-TypeD RS in joint TCI state or RS for UL spatial Tx filter determination is the default PL-RS when it’s not configured for each TCI state.
The indicated TCI state selected from the TCI state configuration for each candidate cell is used for the PUSCH/PUCCH transmission as well as the PDSCH/PDCCH reception. Take PDSCH/PDCCH as an example, each joint TCI state or DL TCI state contains two different QCL types with a same or two different RSs. In Rel-17, a TRS with QCL-Type A should be included for PDSCH/PDCCH DMRS demodulation. However, before handover to the target cell, the UE does not receive the indicated TRS and cannot obtained the needed QCL parameter, e.g., Doppler shift, Doppler spread, average delay, and delay spread, that is reason why the RS configured in the TCI state should be a RS configured for L1 measurement. RAN has agreed only SSB based L1 measurement is supported in Rel-18 LTM. It means that only SSB from a candidate cell can be configured in the TCI state, however, only Doppler shift, average delay and spatial Rx filter can be obtained in by SSB. In other words, full QCL-TypeA parameters cannot be obtained a SSB configured in a TCI state for PDSCH/PDCCH reception. The following options can be considered.
· Option 1: the indicated TCI state includes 2 qcl-types (qcl-Type1 and qcl-Type2), where qcl-Type1 indicates an SSB with QCL-TypeA(Doppler shift, Doppler spread, average delay, and delay spread) and qcl-Type2 indicates a same SSB with QCL-TypeD. It means SSB can be used for CSI-RS/PDSCH/PDCCH reception with both QCL-TypeA and QCL-TypeD, which is different from the QCL principle in Rel-17. In this case, only SSB used for L1 measurement can be configured as the PL-RS.
· Actually, only part of QCL-TypeA parameters can be obtained by SSB, alternatively, the indicated TCI state could include 2 qcl-types, where qcl-Type1 indicates an SSB with QCL-TypeC(Doppler shift, average delay) and qcl-Type2 indicates a same SSB with QCL-TypeD.
Proposal 5 [bookmark: _Toc142319660][bookmark: _Toc142638394]Support to configure SSB as the source QCL-TypeC RS in the TCI state for early TCI state activation and indication for LTM.

· Option 2: Rel-17 QCL principle is used, i.e., qcl-Type1 indicates a TRS with QCL-TypeA and qcl-Type2 indicates a same TRS with QCL-TypeD. The indicated TRS is QCLed with a SSB configured for L1 measurement. 
· Since the UE does not receive the TRS from candidate cells before switch to the target cell. The UE may assume the TRS corresponding to the indicated TCI state is transmitted in the first K>=1 slots in the target cell. The resource and qcl-info configuration for the TRS is provided along with the TCI state configuration for each candidate cell.
Proposal 6 [bookmark: _Toc142319661][bookmark: _Toc142638395]Support to configure TRS of a candidate cell as the QCL-TypeA RS in the TCI state for early TCI state activation and indication for LTM and the UE assumes that the TRS corresponding to the indicated TCI state is transmitted in the first K>=1 slots in the target cell.
TCI state mapping in target cell with early TCI activation
The following options can be considered for early TCI activation for candidate cells:
· Option 1: TCI states for a candidate cell are activated by a single MAC CE (multiple MAC CEs are needed for TCI states activation for multiple candidate cells) 
· This option apples to the case that separate TCI state pools are configured for different candidate cells and the feature of inter-cell beam management is not configured. 
· For separate TCI state, the TCI state should be activated per TCI state pair including a UL TCI state and a DL TCI state.
· Option 2: TCI states for multiple candidate cells are activated by a single MAC CE. 
· This option applies to the case that a single TCI state pool which contains TCI states for all candidate cells is configured and each TCI state is associated with a candidate cell index or a PCI. This option can be used when inter-cell beam management is configured. For example, one of the activated TCI states associated with one candidate cell can be used for DL transmission. 
· For separate TCI state, the TCI state should be activated per TCI state pair including a UL TCI state and a DL TCI state.
The motivation of the early TCI state activation is that the activated TCI states for a candidate cell can be directly used when the UE is indicated to switch to the candidate cell. In other word, one of the activated TCI states can be indicated by a DCI format 1_1/1_2 for the common TCI state for PDSCH/PDCCH reception. When more than one TCI state of a candidate cell are activated before LTM and the candidate cell is the target cell indicated by the LTM MAC CE, each of the activated TCI states are mapped to the TCI codepoint of the DCI format 1_1/1_2 of the target cell with the following example:
· For joint TCI, the first activated TCI state for a candidate cell is mapped to the 1st TCI codepoint, i.e., TCI codepoint value 000, of DCI format 1_1/1_2 of the target cell, the second activated TCI state for the candidate cell is mapped to the 2nd TCI codepoint, i.e., TCI codepoint value 001, of DCI format 1_1/1_2 of the target cell, and so on.
· For separate TCI, the first pair of activated TCI states (UL&DL) is mapped to the 1st TCI codepoint, i.e., TCI codepoint value 000, of DCI format 1_1/1_2 of the target cell, the second pair of activated TCI states (UL&DL) is mapped to the 2nd TCI codepoint, i.e., TCI codepoint value 001, of DCI format 1_1/1_2 of the target cell, and so on.
Proposal 7 [bookmark: _Toc142319662][bookmark: _Toc142638396]When more than one TCI state of a candidate cell are activated before LTM and the candidate cell is the target cell indicated by the LTM MAC CE, each of the activated TCI states is mapped to the TCI codepoint of the DCI format 1_1/1_2 of the target cell for DCI based beam indication in the target cell.

Application time of the LTM MAC CE
The cell switch command is carried by a MAC CE and a new beam for the target cell which is different from the beam used for source cell. One issue if when to apply the cell switch command. An example of the LTM timing is illustrated in Figure 1. 


[bookmark: _Ref139007447]Figure 3 Illustration of LTM timing
During the application time period, the UE needs to complete the following operation:
· Complete the necessary RRC updating, e.g., complete the decoding of candidate cell configuration corresponding to the target cell and prepare the LTM complete message. The required time is TRRC.
· Switch to the new Tx and Rx beam corresponding to the indicated TCI state(s). The required time is TBAT= BeamAppTime-r17.
· Complete the RF retuning at least for inter-frequency handover. The required time is TRF. TRF may equals to 0 for intra-frequency handover
Each of the above step may correspond to different time requirement. However, since the cell switch command is a MAC CE, the legacy application time for MAC CE, i.e.,   should be the baseline. The following behavior can be considered. 
When the UE send a PUCCH or PUSCH in slot n carrying the HARQ-ACK for the PDSCH which carries LTM MAC CE containing cell switch command, the MAC CE applies in the first slot after n+TLTM, where TLTM is determined by TLTM =  + min {TBAT, TRRC, TRF}, TRF may equals to 0 for intra-frequency handover. For simplify, the application time is defined by TLTM = , where the value of k can be a further discussed by involving RAN4. TLTM may be the number of symbols and are calculated based on the SCS of serving cell, e.g., the UL SCS of the serving cell or the smallest value of the SCS of the serving cell of and the SCS of the target cell.
Proposal 8 [bookmark: _Toc142319663][bookmark: _Toc142638397]The application time of the LTM MAC CE is determine by TLTM = , the value of k is FFS. And the TLTM is calculated based on the SCS of serving cell, e.g., the UL SCS of the serving cell or the smallest value of the SCS of the serving cell of and the SCS of the target cell.
Conclusion
In this contribution, we provide the following proposals:

Proposal 1	Use CSI-ReportConfig for the L1 measurement and report configuration for LTM in ServingCellConfig.
Proposal 2	Consider the following two options for CSI report for LTM
· Option 1: Introduce a RF switching gap for CSI report configured for LTM for inter-frequency measurement.
· Option 2: A UE can be configured with multiple measurement gaps for L1 measurement for LTM, and each CSI report for LTM is associated with a measurement gap to obtain the corresponding beam report.
Proposal 3	Consider the following enhancements for the UE support to report L3 measurement results in L1 beam report
· Option 1: If a UE reports a capability to report L3 measurement results in L1 beam report, gNB can configure a beam report for the UE and indicate the UE to report L1 RSRP or L3 filtered RSRP
· Option 2: It’s up to UE to report L1 RSRP or L3 filtered RSRP in each beam report, but the UE needs to indicate the reported RSRP is a L1 RSRP or a L3 filtered RSRP.
Proposal 4	Support fast CSI acquisition and TRS tracking for the target cell in LTM
Proposal 5	Support to configure SSB as the source QCL-TypeC RS in the TCI state for early TCI state activation and indication for LTM.
Proposal 6	Support to configure TRS of a candidate cell as the QCL-TypeA RS in the TCI state for early TCI state activation and indication for LTM and the UE assumes that the TRS corresponding to the indicated TCI state is transmitted in the first K>=1 slots in the target cell.
Proposal 7	When more than one TCI state of a candidate cell are activated before LTM and the candidate cell is the target cell indicated by the LTM MAC CE, each of the activated TCI states is mapped to the TCI codepoint of the DCI format 1_1/1_2 of the target cell for DCI based beam indication in the target cell.
Proposal 8	The application time of the LTM MAC CE is determine by TLTM = 3Nslotsubframe,µ+k, the value of k is FFS. And the TLTM is calculated based on the SCS of serving cell, e.g., the UL SCS of the serving cell or the smallest value of the SCS of the serving cell of and the SCS of the target cell.
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