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Introduction
In order to reduce the mobility latency, in Rel-18 WID on Further NR mobility enhancements, RP-231475 [1], one of the objectives was agreed to specify mechanism and procedures of Layer 1/Layer 2 (L1/L2)-triggered mobility (LTM) which includes the following items:
	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
· Note 2: Only SSB-based L1 measurement is supported in this release.
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 3: FR2 specific enhancements are not precluded, if any.
Note 4: 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, prioritizing MCG
· 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 the last several RAN1 meetings on Rel-18 LTM, many agreements have been made on L1 measurements, reporting, target cell beam indication, cell switch command, and candidate cell procedures. In this contribution, we further provide our view on the remaining open issues related to beam indication, L1 measurement reporting. 
[bookmark: _Hlk510705081]Discussion
Beam Indication
In the last two RAN1 meetings, the following agreements were made on the TCI state activation and indication for Rel-18 LTM:
RAN1 #112-bis-e [2]
Agreement
Adopt Alt.2 for beam indication of target cell(s) and TCI state activation for candidate cell(s) (if supported) , 
· Alt. 1: By indicating RS identifier, i.e. mapping between RS identifier and Rel-17 unified TCI state is done by a UE
· Alt. 2: By indicating Rel-17 TCI state index

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.
RAN1 #113 [3]
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
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

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
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. 3 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

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.

Based on the above progress, in the following sub-sections, we discuss the remaining open issues related to TCI activation and indication.

TCI State Configuration and Activation for LTM Candidate Cells
The UE can be configured with a list of DL/joint or/and UL TCI states associated with LTM candidate cells for providing one or two reference signals for the quasi co-location for DM-RS of PDSCH and DM-RS of PDCCH in a BWP/CC, CSI-RS, and to provide a reference, if applicable, for determining UL TX spatial filter for dynamic-grant and configured-grant based PUSCH and PUCCH resource in a BWP/CC, and SRS. 
In case of an initial LTM configuration contains a large set of TCI states, e.g., more than 128 TCI states in order to cover sufficient number of TCI states associated with multiple candidate cells to allow dynamic switching, it would be beneficial to enable an intermediate dynamic filtering to provide a selected list (e.g., a sub-set containing up to 64 or 128) of TCI states from the initial large set of TCI states which can be used as reference for further TCI activation and indication. This would be useful to limit the maximum bit width of the TCI state related field in the TCI activation or/and cell switch command. For example, a sub-set of LTM candidate cells may be selected based on the UE’s current radio conditions, and then a MAC-CE may be used to indicate the UE about the selected list of candidate cells. The UE may filter out the TCI states associated with the selected candidate cells and may only consider those as reference TCI state configuration list for further activation/indication. 
Proposal 1: In case of a common list configuration of TCI states associated with multiple candidate cells, a MAC-CE indicating a sub-set of TCI states (e.g., TCI states associated with indicated sub-set of candidate cells) can be used to select a small set of TCI states which can be used for further TCI activation and indication.
Support of MAC-CE based early TCI activation (e.g., before the beam indication) for the target cell is beneficial to reduce the handover latency as there is a certain delay requirement [section 8.15, 38.133] for the UE to switch and start using an activated TCI state. Since TCI activation may be done much before the beam indication, serving cell may need to activate TCI states for more than one candidate cells, and then later based on the latest L1 measurements, for the cell switch, it may select a candidate cell and one of its activated TCI states as the beam indication. Therefore, as long as the UE capability allows, the TCI activation should not be limited to only for the target cell.  
Observation 1: Prior TCI activation before the indication reduces the handover latency, and at the time of TCI activation, the target cell and the beam to be used for cell switch may not be known exactly.
Proposal 2: TCI activation for more than one LTM candidate cells including the candidate cells other than the target cell is supported. 
In order to activate TCI states for a LTM candidate cell, a TCI activation command may indicate the LTM candidate cell/cells and the associated TCI states to be activated. 
Proposal 3: TCI activation command for LTM candidate cell may indicate the LTM candidate cell and the associated TCI states to be activated.
Note that at any point, the total number of activated TCI states (considering both for intra/inter-cell BM and LTM) may be limited based on the UE capability. In order to allow LTM specific TCI activation before the cell switch command, UE supporting LTM has to support at least joint unified TCI states with one activated TCI state associated with LTM candidate cell(s). Additionally, the UE can optionally support:
· joint TCI states with more than one activated TCI states associated with LTM candidate cell(s), 
· separate DL/UL TCI states with one activated TCI state associated with LTM candidate cell(s), 
· separate TCI states with more than one activated TCI states associated with LTM candidate cell(s).
Without such support, TCI activation for LTM before the cell switch command cannot be supported and only simultaneous TCI activation and indication within the cell switch command can only be supported which will incur longer handover interruption due to the activation latency requirement [section 8.15, 38.133]. 
Proposal 4: In order to provide LTM specific TCI activation before the cell switch command, UE supporting LTM has to support at least joint unified TCI states with one activated TCI state associated with LTM candidate cell(s). The detailed discussion on additional capability support can be left for UE capability sessions.

Beam Indication in the Cell Switch Command
It has been agreed to provide TCI state indication in the cell switch command. However, the exact details of such indication still needs to be clarified. For example, in the presence of a prior TCI activation command, the TCI state indication in the cell switch command can be a codepoint index to indicate an activated TCI codepoint in the TCI activation command (containing one joint or a pair of DL/UL TCI states). Whereas, when a prior TCI activation command in not given, then the TCI state indication in the cell switch command needs to include one DL/joint or a pair of DL and UL TCI state indices. Using codepoint index in the cell switch command to refer to the TCI state(s) in the TCI activation command is good from the perspective of re-using the existing mechanism of activation and indication, however, two different designs based on the presence of activation command may complicate the design of cell switch command. Therefore, the cell switch command can always contain the index/indices of the TCI states to be indicated (i.e., not the codepoint index) irrespective of the TCI activation command has been provided or not.
Proposal 5: Beam indication field in the cell switch command can always contain the index/indices of the TCI states to be indicated (i.e., not the codepoint index) irrespective of the TCI activation command has been provided or not.  
Also, it needs to be clarified that when the beam indication in the cell switch command refers to one of the previously activated TCI states, the beam indication in the cell switch command is used only for the indication purpose, i.e., not for both indication and activation. 
Proposal 6: Beam indication in the cell switch command referring to one of the activated TCI states, is used only for the indication purpose, i.e., not for both indication and activation.
UE Assumption on Activated TCI States upon Cell Switch 
Since the TCI activation can be done for more than one TCI states associated with one or more candidate cells, it needs to be clarified that what should be the UE assumption on the activated TCI states upon/after the cell switch. For example, upon receiving the cell switch command, when the UE enters the target cell (new serving cell), the UE may consider the TCI states of the target cell activated before the cell switch as valid for intra/inter-cell beam management within the target cell (that is the new serving cell). This would allow to leverage time-frequency tracking/path loss measurements performed in previous reference signals (associated with the TCI states) for e.g. faster TCI state switch in the new cell. In one option, for all other candidate cells, (not selected as the target cell), the TCI states could be considered not to be active anymore. However, if the UE is allowed to retain all the activated TCI states, this may be beneficial for dynamic switching as the activated TCI states can be indicated directly if selected for another cell switch. This may also be configured/indicated (e.g., in RRC or in the cell switch command) whether the activated TCI states are to be maintained/retained after the cell switch. The configuration can be cell specific. To support this operation, there may be also network signaling between source and target cell(s) to synchronize the active TCI states assumed by the UE and that target cells. 
Proposal 7: RAN1 to select one or more of the following alternatives on the UE assumption for activated TCI states upon the cell switch. 
· Alt-1: Upon the cell switch to the target cell, UE may consider the TCI states of the target cell activated before the cell switch as valid for intra/inter-cell beam management within the target cell (new serving cell). For all other candidate cells, the TCI states are not considered to be active anymore.
· Alt-2: Upon the cell switch, UE may retain all the activated TCI states given before the cell switch.
· Alt-3: The UE may be configured (e.g., in RRC or in the cell switch command) whether the activated TCI states are to be maintained/retained after the cell switch. The configuration can be cell specific.

Beam Indication for CORESET#0, CSS sets other than Type-3-PDCCH CSS sets
To derive the QCL parameters for DMRS antenna ports for PDCCH reception in the CORESET #0, if followUnifedTCI-State is not enabled (i.e., the Rel-17 unified TCI state in the cell switch command cannot be used by default) and if there is no MAC CE activation command is provided for the CORESET, although, the current specification allows the UE to use SSB identified in the most recent RACH procedure, but this RACH procedure should not be initiated by a PDCCH order which is not compliant with LTM early TA acquisition. Similarly, for CORESETs other than index 0, associated with CSS sets other than Type-3-PDCCH CSS sets, if followUnifedTCI-State is not enabled, and if there is no MAC CE activation command is provided for the CORESET, the UE assumes that the DM-RS antenna port associated with PDCCH receptions is quasi co-located with the SSB block the UE identified during the initial access procedure which again may not be applicable for LTM early TA acquisition (as this was not done for initial access). 
Therefore, it needs to be clarified what beam indication can be used to receive such channels/signals after the cell switch. One straightforward option may be the indicated TCI state for the target cell can also be used for such signals/channel until a new TCI state is activated by the target cell after the cell switch. An alternative where no new behavior is defined puts restriction on the network side to not schedule such channels until a new TCI state activation/indication is performed which may unnecessarily complicate the overall framework. Also, since only SSB based beam indication will be used, typically, it would be the same beam for all different types of DL control and data channels/signals.   
Proposal 8: For beam indication of target cell based on Rel-17 unified TCI framework applied to CORESET#0 and CORESETs (other than CORESET#0) associated with Type 0A/1/2-PDCCH CSS sets where no TCI state activation is provided and followUnifiedTCI-state is not enabled or not provided, the indicated TCI sate for the target cell can be used. 
Beam Indication for multiple cells for CA
In the last RAN1 meeting, it was discussed whether the beam indication given for the target cell can be applied to multiple CCs in the same band in the target cell or not. Since the main motivation of LTM is to perform PCell switching, to ensure LTM works well, the TCI state activated and indicated for a candidate cell should belong to the PCell. Furthermore, for intra-band CCs, if a simultaneousTCI-UpdateList is configured then the activated and indicated TCI state should be applied to the SCells belong to the same list of PCell. 
As per the latest WID, CA with serving cell change is required to be supported, the scenarios where additional TCI states activated and indicated for other SCells (not included in simultaneousTCI-UpdateList of the PCell) should also be discussed, but this can be handled once the baseline scenario with only PCell switching is completed. 
Proposal 9: TCI activation/indication for a candidate cell indicates the TCI state(s) for PCell of the candidate cell.
· TCI activation and indication can be applied to a set of CCs of the same band which are included in the simultaneousU-TCI-UpdateList (if configured) including the candidate PCell.
Beam Indication with RACH-based Cell Switching
In RAN1 we have agreed to support early TA acquisition for Rel-18 LTM (under the other agenda item); however, in other working groups, RACH-based LTM, i.e., RACH procedure after the cell switch command is additionally considered as one potential option to perform LTM cell switching. For example, see the following agreement from RAN2 #119b-e:
· RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. RACH-less if the UE doesn’t need to acquire TA during the cell switch. RAN2 understands that the feasibility of RACH-less may depend on RAN1, and expect that RAN1 is working on this.
In case of RACH-based LTM, beam indication in the cell switch command may cause some ambiguity. For example, if the RACH-based LTM is triggered, could the RACH procedure be used to obtain the beam indication (e.g., initial QCL assumption for the target cell’s DL/UL signals/channels) and the beam indication in the cell switch command should be ignored or only scenario 2 is supported, i.e., the UE should only use the beam indication given in the cell switch command irrespective of the RACH-less or RACH-based LTM. As per the current RAN1 agreements, the latter should be applied. However, this needs to be clarified. In order to enable another option, one potential option may be to include an indication whether there is a beam indication is present or not in the cell switch command, and in case of no beam indication in the cell switch command, the UE may use the RACH procedure to acquire initial QCL assumption.
Observation 2: RACH procedure after the cell switch (RACH-based LTM) is considered as one option for LTM cell switching in other working groups (RAN 2/3/4). 
Proposal 10: If the cell switch command contains a beam indication, and the UE is required to perform RACH-based LTM,
· Alt 1: UE shall apply the QCL assumption for the target cell’s DL/UL signals/channels as per the beam indication given in the cell switch command. 
· Alt 2: UE shall obtain the initial QCL assumption for the target cell’s DL/UL signals/channels from the RACH procedure.
Proposal 11: The UE can be indicated whether there is a beam indication is present or not in the cell switch command.
· If no beam indication in the cell switch command, UE performs RACH-based LTM handover where the initial QCL assumption for the target cell can be acquired from the RACH procedure.

Early Beam-Only Switch for Soft Handover
In the last RAN2 meeting, it was agreed to support MAC reset upon LTM switch except the TA relevant part. In such a case, HARQ buffers need to be released, and in order to minimize the data loss, pending packets may need to be retransmitted from higher layers which would incur some interruption. In order to minimize such an impact, an early beam indication which triggers only beam switching without any configuration change associated with the target cell, e.g., similar to ICBM scenario, may be beneficial. When source and target cell support such operation, i.e., initially beam-only switching and then LTM configuration switching (i.e., cell switch), the serving cell has the flexibility to delay the configuration switch depending on the pending data transmission (depending on the interruption time requirements). As the pending packets are delivered via beam switching operation without MAC reset, the interruption time due to lower-layer packet drops can be minimized specially for intra-DU LTM target cells as the ICBM operation can be supported only for intra-DU. 
Observation 3: With MAC-reset, pending packets may need to be retransmitted from higher layers which would incur some interruption. An early beam indication which triggers only beam switching without any configuration change associated with the target cell, e.g., similar to ICBM scenario, may be beneficial to minimize such interruption.
Proposal 12: For intra-DU LTM switching, two step switching, i.e., beam only switching (ICBM scenario) followed by configuration switching may be supported by one of the following alternatives:  
· Alt-1: Beam indication command may be given prior to the LTM switching command (without any beam indication). FFS: details of beam indication signalling
· Alt-2: LTM switching command may include a flag for delayed config-switch with a delay value (e.g., timer expiry value).
QCL Reference Information of a TCI State
In the last RAN1 meeting, it was concluded that there has not been any consensus to support TRS tracking for a candidate cell (which is not a current serving cell) prior to and joint with the reception of the cell switch command. However, as per the current specification [38.214], an indicated TCI state for PDCCH/PDSCH selected from dl-OrJointTCI-StateList contains TRS to indicate QCL references. For example, an indicated TCI state, which is a Rel-17 joint TCI state to be used to derive QCL assumption for PDCCH/PDSCH indicates one of the following QCL types [38.214]:
· ‘type A’ with a TRS and when applicable, ‘type D’ with the same TRS, or
· ‘type A’ with a TRS and when applicable, ‘type D’ with a CSI-RS configured with higher layer parameter repetition
If CSI-RS configuration and measurement, specially TRS tracking, for a LTM candidate cell is not supported before the cell switch, then RAN1 needs to discuss and clarify as to how the UE may apply/use an activated/indicated TCI state for the target cell. One simple alternative is to provide the CSI-RS configuration, at least for the CSI-RSs which are associated with the LTM TCI states and contains the information of QCL reference of TRSs, i.e., linked to SSBs. With this method, the UE may derive the QCL reference SSBs of the CSI-RSs given in the activated/indicated TCI state. This will not require any change in the definition of TCI state in terms of its QCL type information. Such option will also enable to use the same TCI state configuration within the LTM and intra-cell BM TCI state pools. Another option is to change the current definition of TCI state for LTM TCI state pool in terms of QCL type information and use only SSBs as the reference signals for QCL types. With this option, different types of TCI state configuration will be required for LTM and intra-cell BM TCI state pools.
Observation 4: As per the current specification, an activated/indicated TCI state for PDCCH/PDSCH can only have TRS as QCL reference (only TRS is configured for type ‘A’ QCL reference). 
Proposal 13: For the QCL reference signal information of a TCI state of a candidate cell, the configuration of TRSs configured as QCL reference signals for the TCI state containing at least the QCL source SSB information is given to the UE.
Beam Application Time
In the last RAN1 meeting, the reference time for applying the beam application time was agreed. The further details on the beam application time depends on the exact definition/components of cell switch delay. It may be possible that in the case of LTM, RAN1 does not need to define any additional beam application time if all the components have already been taken into the cell switch delay. Such design would make sense where all the components including the beam application time can be part of the cell switch delay for which the value can be different for different scenarios, e.g., timing of TCI activation, RACH-less vs RACH-based LTM, target cell is one of the current serving cells, etc. 
Therefore, RAN1 should wait for RAN4/2 reply on the details of cell switch delay and its relation to beam application time before discussing any further details.
Proposal 14: RAN1 should wait for RAN 4/2 reply on the details of cell switch delay and its relation to beam application time before discussing any further details.

L1 Measurement and Reporting
[bookmark: _Hlk135843064]For the SSB based L1-RSRP measurement reporting, it has been agreed to configure the UE to report MxL beam measurements for L cells (M measurements for each of the L cells). Further, the UE can be configured to include M measurements from the current SpCell which can be useful for the network to compare the quality of the current serving cell with the L-1 candidate cells. In case of the configuration of SpCell measurements in the report, it would make sense to configure at least one additional candidate cell for the reporting, i.e., the minimum value of L should be 2. Also, in RAN4 #107 [4], the following agreement was made where it is expected to support L1 measurements for at least 2 or 3 neighboring cells for L1 measurement reporting. 

· Issue 2-2-1: Whether to use final L3 measurement results for L1 measurement report
<Agreement>
· 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.

Based on this, the following working assumption of RAN1# 113 on the values of M and L can be confirmed with L = 2, 3, 4.      
 
· Working Assumption
· [bookmark: _Hlk140051186] 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

Proposal 15: For the beam selection for SSB based L1-RSRP measurement report, 
· For the value of M, L
· the RRC configured candidate value are:
· M = 1, 2, 3, 4
· L = 2, 3, 4
· Note: the maximum value of MxL and combination of M and L is up to UE capability 
For the reporting quantities in a report, RS ID (SSB-index) which can be specific to the reporting configuration and a value indicating the associated L1-RSRP can be used. For a reporting configuration, the given RSs to be used for measurements can belong to one or more candidate cells and the associated candidate cell for a RS (identified by its RS ID) can easily be derived from the reporting configuration details; therefore, there is no need to include a quantity indicating the candidate cell associated with the RS ID being reported. 
Observation 5: For a reporting configuration, the given RSs to be used for measurements can belong to one or more candidate cells and the associated candidate cell for a RS (identified by its RS ID) can easily be derived from the reporting configuration details; therefore, there is no need to include a quantity indicating the candidate cell associated with the RS ID being reported.
Proposal 16: For a beam measurement in a report, RS ID (SSB-index) which can be specific to a reporting configuration and a value indicating the associated L1-RSRP are reported.  
The same maximum bit-width for SSB-index can be reused (e.g., 6 bits) by putting a constraint on the maximum number of RSs to be configured for a reporting configuration. For the L1-RSRP values, as in the legacy L1 reporting, quantized values, i.e., a 7-bit value in the range [-140, -44] dBm with 1dB step size to represent an absolute L1-RSRP, and a 4-bit value computed with 2 dB step size to represent a differential L1-RSRP with a reference to an absolute L1-RSRP can be used. In order to determine the exact format of L1-RSRP quantization over the beams of L cells, the following options were short-listed in the last RAN1 meeting [3] which could not be discussed further due to the lack of time. 
· Option A: Differential encoding is performed per cell, i.e. for each cell, a beam to apply absolute L1-RSRP is chosen among M beams and the differential L1-RSRP is applied to M-1 beams.
· Option B: a beam to apply absolute L1-RSRP is chosen among M *L beams and the differential L1-RSRP is applied to M*L-1 beams.
· Option C: Take the following 2-step approach: 
· Step one: Differential encoding is performed per cell, i.e. for each cell, a beam to apply absolute L1-RSRP is chosen among M beams and the differential L1-RSRP is applied to M-1 beams.
· Step two: a beam to apply absolute L1-RSRP is chosen among L beams applying absolute L1-RSRP in step one and the differential L1-RSRP is applied to L-1 beams.
Option B and Option C have the same reporting overhead (in terms of total L1-RSRP bits) of 7 + 4(M-1) + 4(L-1)M bits, and which is lower compared to the Option A with overhead of 7L + 4L(M-1) bits. The following table provides some examples of the number of bits to be used for each of the options with different value of L and M.
	
	Option A
7L + 4L(M-1)
	Option B
7 + 4(M-1) + 4(L-1)M
	Option C
7 + 4(M-1) + 4(L-1)M

	L = 2, M = 1
	14
	11
	11

	L = 2, M = 2
	22
	19
	19

	L = 2, M = 4
	38
	35
	35

	L = 4, M = 1
	28
	19
	19

	L = 4, M = 4
	44
	35
	35


The option A has 3*(L-1) bits of additional overhead compared to the option B and C which is not significant given the potential values of L to be supported are small, i.e., 2, 3, 4. On the other hand, as some companies mentioned that separate differential encoding for each cell may be beneficial as the RSRP for different cell can be quite different which is possible with the option A and the option C. With the option B, the benefit is in reusing the legacy mechanism to prepare a report. We don’t see any strong motivation to support or rule out any specific option. All the options could work to provide necessary reporting information to the network.  
Observation 6: The option A has 3*(L-1) bits of additional overhead compared to the option B and C which is not significant given the potential values of L to be supported, i.e., 2, 3, 4. On the other hand, as some companies mentioned that separate differential encoding for each cell may be beneficial as the RSRP for different cell can be quite different which is possible with the option A and the option C. With the option B, the benefit is in reusing the legacy mechanism to prepare a report. 
Proposal 17: Support any of the following options to determine the quantization of L1-RSRPs to be reported:
· Option A: Differential encoding is performed per cell, i.e. for each cell, a beam to apply absolute L1-RSRP is chosen among M beams and the differential L1-RSRP is applied to M-1 beams
· Option B: a beam to apply absolute L1-RSRP is chosen among M *L beams and the differential L1-RSRP is applied to M*L-1 beams
· Option C: Take the following 2-step approach 
· Step one: Differential encoding is performed per cell, i.e. for each cell, a beam to apply absolute L1-RSRP is chosen among M beams and the differential L1-RSRP is applied to M-1 beams.
· Step two: a beam to apply absolute L1-RSRP is chosen among L beams applying absolute L1-RSRP in step one and the differential L1-RSRP is applied to L-1 beams.
Proposal 18: To limit the bit-width size of SSB-index, similar constraint as in Rel-15/17 on the maximum number of measurement RSs for a reporting configuration can be reused.  
Furthermore, on the criterion of selecting cells/beams, since in LTM, acquiring the TA for the target cell to determine the UL synch before the cell switch is an important feature and therefore, early TA acquisition has been agreed in the other RAN1 sub-agenda item on LTM. The serving cell would most probably prefer candidate cells with TA information available (let’s call them synched candidate cells) for selecting the target cell for cell switch. However, in some scenarios the reported measurements from the UE can be dominated by beam measurements of other candidate cells (for which no TA information is available; let’s call them non-synched candidate cell) based on the beam quantities. In scenarios, where early TA acquisition has been performed for one or more candidate cells, it might make sense to prioritize the measurements for the synched candidate cells. One way to achieve that is by configuring different minimum quality thresholds for synched and non-synched cells for reporting. Another way is to have a static distribution between the number of beams for synched and non-synched cells for reporting. The exact details of multiplexing beams of synched and non-synched cells can be finalized later once we agree on prioritizing the reporting of synched cells. 
Proposal 19: Selecting cells/beam can be further optimized where in a reporting instance, beams from the synched candidate cells (for which the valid TA information is available) are prioritized over the non-synced candidate cells (for which the valid TA information is not available).
In RAN4, the support of using L3 measurements results for LTM L1 measurement reporting is being discussed. Such a support may enable the UE to have wider access to the measurements in terms of candidate cells and beams which can be reported for LTM for timely and appropriate LTM switching decisions. This may not have any significant RAN1 impacts; however, given the benefits of such support, RAN1 could discuss this later with any RAN1 impacts based on the further progress in RAN4. 
Proposal 20: Based on the further progress in RAN4, RAN1 could discuss the support of using L3 measurement results for LTM L1 measurement reporting.
Conclusion
In this contribution, we discuss the details of different components of Rel-18 LTM including L1 measurement and reporting configuration, beam indication of target cell. The following observations and proposal have been made:
Proposal 1: In case of a common list configuration of TCI states associated with multiple candidate cells, a MAC-CE indicating a sub-set of TCI states (e.g., TCI states associated with indicated sub-set of candidate cells) can be used to select a small set of TCI states which can be used for further TCI activation and indication.
Observation 1: Prior TCI activation before the indication reduces the handover latency, and at the time of TCI activation, the target cell and the beam to be used for cell switch may not be known exactly.
Proposal 2: TCI activation for more than one LTM candidate cells including the candidate cells other than the target cell is supported.
Proposal 3: TCI activation command for LTM candidate cell may indicate the LTM candidate cell and the associated TCI states to be activated.
Proposal 4: In order to provide LTM specific TCI activation before the cell switch command, UE supporting LTM has to support at least joint unified TCI states with one activated TCI state associated with LTM candidate cell(s). The detailed discussion on additional capability support can be left for UE capability sessions.
Proposal 5: Beam indication field in the cell switch command can always contain the index/indices of the TCI states to be indicated (i.e., not the codepoint index) irrespective of the TCI activation command has been provided or not.  
Proposal 6: Beam indication in the cell switch command referring to one of the activated TCI states, is used only for the indication purpose, i.e., not for both indication and activation.
Proposal 7: RAN1 to select one or more of the following alternatives on the UE assumption for activated TCI states upon the cell switch. 
· Alt-1: Upon the cell switch to the target cell, UE may consider the TCI states of the target cell activated before the cell switch as valid for intra/inter-cell beam management within the target cell (new serving cell). For all other candidate cells, the TCI states are not considered to be active anymore.
· Alt-2: Upon the cell switch, UE may retain all the activated TCI states given before the cell switch.
· Alt-3: The UE may be configured (e.g., in RRC or in the cell switch command) whether the activated TCI states are to be maintained/retained after the cell switch. The configuration can be cell specific.
Proposal 8: For beam indication of target cell based on Rel-17 unified TCI framework applied to CORESET#0 and CORESETs (other than CORESET#0) associated with Type 0A/1/2-PDCCH CSS sets where no TCI state activation is provided and followUnifiedTCI-state is not enabled or not provided, the indicated TCI sate for the target cell can be used. 
Proposal 9: TCI activation/indication for a candidate cell indicates the TCI state(s) for PCell of the candidate cell.
· TCI activation and indication can be applied to a set of CCs of the same band which are included in the simultaneousU-TCI-UpdateList (if configured) including the candidate PCell.
Observation 2: RACH procedure after the cell switch (RACH-based LTM) is considered as one option for LTM cell switching in other working groups (RAN 2/3/4). 
Proposal 10: If the cell switch command contains a beam indication, and the UE is required to perform RACH-based LTM,
· Alt 1: UE shall apply the QCL assumption for the target cell’s DL/UL signals/channels as per the beam indication given in the cell switch command. 
· Alt 2: UE shall obtain the initial QCL assumption for the target cell’s DL/UL signals/channels from the RACH procedure.
Proposal 11: The UE can be indicated whether there is a beam indication is present or not in the cell switch command.
· If no beam indication in the cell switch command, UE performs RACH-based LTM handover where the initial QCL assumption for the target cell can be acquired from the RACH procedure.
Observation 3: With MAC-reset, pending packets may need to be retransmitted from higher layers which would incur some interruption. An early beam indication which triggers only beam switching without any configuration change associated with the target cell, e.g., similar to ICBM scenario, may be beneficial to minimize such interruption.
Proposal 12: For intra-DU LTM switching, two step switching, i.e., beam only switching (ICBM scenario) followed by configuration switching may be supported by one of the following alternatives:  
· Alt-1: Beam indication command may be given prior to the LTM switching command (without any beam indication). FFS: details of beam indication signalling
· Alt-2: LTM switching command may include a flag for delayed config-switch with a delay value (e.g., timer expiry value).
Observation 4: As per the current specification, an activated/indicated TCI state for PDCCH/PDSCH can only have TRS as QCL reference (only TRS is configured for type ‘A’ QCL reference). 
Proposal 13: For the QCL reference signal information of a TCI state of a candidate cell, the configuration of TRSs configured as QCL reference signals for the TCI state containing at least the QCL source SSB information is given to the UE.
Proposal 14: RAN1 should wait for RAN 4/2 reply on the details of cell switch delay and its relation to beam application time before discussing any further details.
Proposal 15: For the beam selection for SSB based L1-RSRP measurement report, 
· For the value of M, L
· the RRC configured candidate value are:
· M = 1, 2, 3, 4
· L = 2, 3, 4
· Note: the maximum value of MxL and combination of M and L is up to UE capability.
Observation 5: For a reporting configuration, the given RSs to be used for measurements can belong to one or more candidate cells and the associated candidate cell for a RS (identified by its RS ID) can easily be derived from the reporting configuration details; therefore, there is no need to include a quantity indicating the candidate cell associated with the RS ID being reported.
Proposal 16: For a beam measurement in a report, RS ID (SSB-index) which can be specific to a reporting configuration and a value indicating the associated L1-RSRP are reported.
Observation 6: The option A has 3*(L-1) bits of additional overhead compared to the option B and C which is not significant given the potential values of L to be supported, i.e., 2, 3, 4. On the other hand, as some companies mentioned that separate differential encoding for each cell may be beneficial as the RSRP for different cell can be quite different which is possible with the option A and the option C. With the option B, the benefit is in reusing the legacy mechanism to prepare a report. 
Proposal 17: Support any of the following options to determine the quantization of L1-RSRPs to be reported:
· Option A: Differential encoding is performed per cell, i.e. for each cell, a beam to apply absolute L1-RSRP is chosen among M beams and the differential L1-RSRP is applied to M-1 beams
· Option B: a beam to apply absolute L1-RSRP is chosen among M *L beams and the differential L1-RSRP is applied to M*L-1 beams
· Option C: Take the following 2-step approach 
· Step one: Differential encoding is performed per cell, i.e. for each cell, a beam to apply absolute L1-RSRP is chosen among M beams and the differential L1-RSRP is applied to M-1 beams.
· Step two: a beam to apply absolute L1-RSRP is chosen among L beams applying absolute L1-RSRP in step one and the differential L1-RSRP is applied to L-1 beams.
Proposal 18: To limit the bit-width size of SSB-index, similar constraint as in Rel-15/17 on the maximum number of measurement RSs for a reporting configuration can be reused.
Proposal 19: Selecting cells/beam can be further optimized where in a reporting instance, beams from the synched candidate cells (for which the valid TA information is available) are prioritized over the non-synced candidate cells (for which the valid TA information is not available).
Proposal 20: Based on the further progress in RAN4, RAN1 could discuss the support of using L3 measurement results for LTM L1 measurement reporting.
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