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In RAN#98-e meeting, revised WID on Further NR mobility enhancements was approved [1]. In this WID, one of the objectives is to study L1/L2 based inter-cell mobility including L1 measurement and reporting, beam indication, dynamic switch mechanism, which aims to reduce handover latency, interruption time and overhead. The detailed objective on L1/L2 based inter-cell mobility is formulated as follows:
	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 elaborate our views on L1 measurement and reporting, selection of candidate cells and/or beams, beam indication, dynamic cell switch and DL synchronization procedure for Rel-18 L1/L2 triggered mobility (LTM). 
Discussion
[bookmark: OLE_LINK18][bookmark: OLE_LINK21][bookmark: OLE_LINK15]2.1	L1 measurement
For L1 measurement, although some issues that need to be supported in Rel-18 LTM have been identified in the previous meetings, there are still some remaining aspects on measurement that need to be further analyzed and determined on whether it should be considered in Rel-18 LTM, or how to be supported if needed. In the following subsection, we will mainly focus on CSI-RS based measurement RS, information required for measurement, filtering for L1 measurement results.
2.1.1	Measurement RS
In RAN1#110bis-e meeting [2], RAN1 has agreed that SSB based measurement RS is supported in Rel-18 LTM, as follows:
	Agreement
· For Rel-18 L1/L2 mobility,
· SSB is supported for L1 intra-frequency measurement
· SSB is supported for L1 inter-frequency measurement if inter-frequency L1 measurements are supported
· Further study the following L1 measurement RS for candidate cell
· CSI-RS for tracking, beam management, CSI and mobility, CSI-IM, which is for L1 intra-frequency and L1 inter-frequency (if supported) 


One remaining issue on whether to introduce CSI-RS based measurement RS and what type of CSI-RS should be supported in Rel-18 LTM needs to be further discussed. From discussion in previous meetings, majority companies support it as an additional measurement RS and only have different views on what type of CSI-RS should be supported. In our views, CSI-RS can provide more flexible time and frequency bandwidth and finer beam(s) to improve system performance compared with SSB based measurement RS. As for the type of CSI-RS, at least CSI-RS for beam management should be supported to enable more accurate and flexible L1 measurement for candidate cell. CSI-RS for tracking should be also supported to improve demodulation performance and minimize spec impact since TRS is required as a reference RS for QCL Type-A in a TCI state for the DM-RS of PDSCH and PDCCH. If TRS is not supported for candidate cell, it means that the DM-RS of PDSCH and PDCCH can only be QCLed with SSB for QCL Type-C. Such operation may need to be further analyzed and evaluated since it may impact on the existing TCI state design architecture including related QCL relationship and system performance to some extent. For CSI-RS for mobility, it can be considered for Rel-18 LTM since the similar functionality has been supported in the traditional L3 handover, which is beneficial to achieve the commonality design between L1 based handover and L3 based mobility as much as possible. As for CSI-RS for CSI and IM, they can be further studied and analyzed.
Furthermore, a few companies argued that introduction of CSI-RS requires RAN4’s involvement and concerned that RAN4 will not be able to finalize the relevant evaluation and standardization work in Rel-18. From our point of view, we think that at least RAN1 can first conclude a working assumption on this issue and send an LS to RAN4 to ask feasibility of supporting it and whether it can be finalized in Rel-18. 
Proposal 1: In addition to SSB based measurement RS, CSI-RS based measurement RS should be supported in Rel-18 LTM.
· Support at least CSI-RS for beam management and CSI-RS for tracking.
· Support sending an LS to RAN4 to ask feasibility of supporting CSI-RS and whether it can be finalized in Rel-18.
2.1.2	Measurement information
In RAN1#112 meeting [3], the following agreement on studying which information should be included in the measurement configuration has been achieved for SSB based L1-RSRP measurement:
	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 



To enable SSB based L1 intra- and inter-frequency measurement, candidate cell identification and information in time and frequency domain should be provided to UE. In Rel-16 Positioning, non-serving cell SSB can be configured by RRC parameter SSB-Configuration-r16, as follows:
	SSB-Configuration-r16  ::=          SEQUENCE {
    ssb-Freq-r16                     ARFCN-ValueNR,
    halfFrameIndex-r16                  ENUMERATED {zero, one},
    ssbSubcarrierSpacing-r16            SubcarrierSpacing,
    ssb-Periodicity-r16                 ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2,spare1 }   OPTIONAL, -- Need S
    sfn0-Offset-r16                     SEQUENCE {
        sfn-Offset-r16                      INTEGER (0..1023),
        integerSubframeOffset-r16           INTEGER (0..9)                                                 OPTIONAL  -- Need R
    }                                                                                                      OPTIONAL, -- Need R
    sfn-SSB-Offset-r16                  INTEGER (0..15),
    ss-PBCH-BlockPower-r16              INTEGER (-60..50)                                                  OPTIONAL  -- Cond Pathloss
}

SSB-InfoNcell-r16  ::=              SEQUENCE {
    physicalCellId-r16                  PhysCellId,
    ssb-IndexNcell-r16                  SSB-Index                                                          OPTIONAL, -- Need S
    ssb-Configuration-r16               SSB-Configuration-r16                                              OPTIONAL  -- Need S
}


In Rel-17 inter-cell beam management (ICBM), non-serving cell SSB can be configured by RRC parameter SSB-MTC-AdditionalPCI-r17, as follows:
	SSB-MTC-AdditionalPCI-r17 ::=       SEQUENCE {
    additionalPCIIndex-r17              AdditionalPCIIndex-r17,
    additionalPCI-r17                   PhysCellId,
    periodicity-r17                     ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 },
    ssb-PositionsInBurst-r17            CHOICE {
        shortBitmap                         BIT STRING (SIZE (4)),
        mediumBitmap                        BIT STRING (SIZE (8)),
        longBitmap                          BIT STRING (SIZE (64))
    },
    ss-PBCH-BlockPower-r17              INTEGER (-60..50)
}


The configuration of SSB-Configuration-r16 is used for intra- and inter-frequency while the configuration of SSB-MTC-AdditionalPCI-r17 is only applied for intra-frequency. To support SSB based L1 intra- and inter-frequency measurement for Rel-18 LTM, some information configured in SSB-Configuration-r16 and SSB-MTC-AdditionalPCI-r17 can be reused. For instance, for intra- and inter-frequency, at least Cell identification (e.g., PCI), ssb-Periodicity, ssb-PositionInBurst, ss-PBCH-BlockPower and measurement gap should be provided to UE, where it has been agreed in RAN1 #112bis-e meeting that how to capture ss-PBCH-BlockPower in LTM configuration will be up to RAN2. For inter-frequency, at least ssb-Freq, ssbSubcarierSpacing should be confiugred to UE, but for SFN related information such as halfFrameIndex, sfn0-Offset (sfn-Offset and integerSubframeOffset) and sfn-SSB-Offset, we can further analyze and discuss whether SFN related information can be assumed as the same for serving cell and candidate cell in Rel-18 LTM, where RAN4 has agreed that SFN offset alignment can be relaxed if UE performs L3 measurement before L1 measurement [4]. Besides, we also noticed that RAN2 has concluded an initial agreement in last meeting (RAN2#121bis-e) that RS configuration can include PCI or logical ID, SMTC location, frequency location and SCS but whether the initial agreement is feasible will depend on the progress of RAN1 [5]. In our understanding, it does not mean that time domain information of SSB is determined based on SMTC configuration.
Proposal 2: Regarding SSB based L1 intra- and inter-frequency measurement,
· For Intra- and inter-frequency: Cell identification (e.g., PCI), ssb-Periodicity, ssb-PositionInBurst and measurement gap should be included in measurement configuration.
· For inter-frequency, at least ssb-Freq, ssbSubcarierSpacing should be included in measurement configuration
· FFS: half Frame index and SFN related information (e.g., sfn0-Offset (sfn-Offset and integerSubframeOffset) and sfn-SSB-Offset).
2.2	Measurement reporting
2.2.1	CSI reporting
In RAN1#112bis-e meeting [6], it has been agreed that M x L beams are reported in a single report instance where M beams are selected for each of L cells, but there are still some remaining issues to be discussed further, as follows: 
	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



Before discussing the FFS mentioned above, let’s first discuss the format of beam-based measurement reporting. In legacy L1-RSRP reporting, if the number of reported RS is larger than 1, UE shall use differential L1-RSRP based reporting, where the largest measured value of L1-RSRP is quantized to a 7-bit value in the range [-140, -44] dBm with 1dB step size, and the differential L1-RSRP is quantized to a 4-bit value. The differential L1-RSRP value is computed with 2 dB step size with a reference to the largest measured L1-RSRP value which is part of the same L1-RSRP reporting instance. In Rel-17 ICBM, largest L1-RSRP is determined based on measured results of all cells including serving cell and non-serving cell(s) and differential L1-RSRP is relative to the largest L1-RSRP. In order to minimize specification impact, we propose to reuse similar report format on RSRP quantization and differential report (e.g., X reported RSRP consist of reference RSRP (e.g., corresponding to the best or strongest beam) and X-1 differential RSRP (e.g., corresponding to other reported beams except the best or strongest beam)) in Rel-18 LTM.
Proposal 3: Regarding RSRP quantization and differential report, the similar method as in legacy L1-RSRP reporting should be reused for Rel-18 LTM.
· X reported RSRP values consist of reference RSRP (e.g., corresponding to the best or strongest beam) and X-1 differential RSRP (e.g., corresponding to other reported beams except the best or strongest beam).
With the above information, we will further share our views on FFS that how to select the L cells and M beams per cells is up to UE implementation. From our point of view, the terms, “the largest RSRP” and “differential RSRP”, have been introduced in the format of beam-based measurement reporting, which means that the beam corresponding to the largest L1-RSRP is the best or strongest beam for all beams and the beams corresponding to differential L1-RSRP are those that are in turn inferior to the best or strongest beam in a single report instance. On the other hand, if we ultimately support leaving the selection of the L cells and M beams per cells to UE implementation, this may lead to a series of unnecessary issue or workload, e.g., reported all beams may be from the same cell or none of beam for a cell is reported or inaccurately cell switching decision made by NW that will increase interruption delay of cell switching. With these considerations, we recommend to define a rule to select reported beams such as M x L reported beams are determined based on L best cells and M best beams for each of L best cells.
Further, an issue on whether cell information should be explicitly included in a single report instance needs to be clarified since there is no cell information carried in legacy report instance. To resolve this issue, some potential methods can be considered, e.g., the cell information corresponding to reported beam can be indicated by bitmap or a “Cell identification” field in report instance.
Proposal 4: M x L beams in a single report instance are selected based on L best cells and M best beams for each of L best cells.
Proposal 5: Whether cell information corresponding to reported beam should be explicitly included in a single report instance needs to be clarified.
Regarding FFS that if UE is allowed to report less than M x L beams, we do not identify clear requirement to allow UE to report less than M x L beams if the value of M and L is configured reasonably and the rule for selecting M beams and L cells are defined clearly.
Proposal 6: Do not support UE to report less than M x L beams in a single report instance.
Regarding 1) of last FFS, we do not support that whether measurement result from serving cell is included in a single report instance is left for UE implementation or NW configuration since such operation may cause UE to switch back and forth between the original serving cell and candidate target cell. Besides, for RRC based mobility and even in product implementation, measurement result from serving cell is always reported in a single report instance to facilitate NW to make relatively reliability handover decision later.
Proposal 7: Support the beams from serving cell are always included in a single report instance when the number of reported cells configured for UE is no less than 2 (i.e., L >= 2).
· Note that UE does not expect to be confiugred the number of reported cell (L) to be 1. 
Regarding 2) of last FFS, we do not see the need to force selection of inter-frequency cell in the L reported cells since it may lead to unnecessary reporting overhead and seems that cell level information is sufficient regardless of intra- and inter- frequency.
Proposal 8: Do not support the restriction on at least one of the inter-frequency cells is always selected in the L reported cells.
2.2.2	Event-triggered reporting
Another issue to be discussed is whether to support event-triggered reporting for L1 measurement results in Rel-18 LTM. Considering huge signaling overhead and UE energy consumption caused by the legacy CSI reporting framework, we think that event-triggered reporting should be introduced in Rel-18 LTM to compensate the shortage of CSI reporting method. From our point of view, we do not think that these two types of reporting methods are mutually exclusive. Rather, they complement each other. For instance, the UE will report the result of L1 measurement to NW only if the event is triggered without waiting for a triggering command or indication from NW side.
In order to support this method, the event, i.e., the condition to start/stop the reporting and container to report, need be defined. Specifically, on the definition of event, L1-RSRP corresponding to a RS from candidate cell is greater than the L1-RSRP measured from a RS from serving cell with an offset can be considered. On condition to start the reporting, some rules can be considered, e.g., the number of times the event is met, or the number of times the event happens is larger than or equal to a threshold value before Timer expires. On condition to end the reporting, some rules can be considered, e.g., the number of reporting is larger than or equal to a threshold, or, timer expiration to report. On report container, MAC CE can be considered to be used carrying measurement reporting since the event to trigger the reporting is not predictable from gNB side and using periodic resource might cause a waste of resources. Therefore, similar BFR MAC CE can be considered.
Proposal 9: Event-triggered reporting should be supported for Rel-18 LTM to compensate the shortage of CSI reporting.
· Define the event and condition to start/stop the reporting.
· Container to report: MAC CE (e.g., similar to BFR MAC CE) can be used to save UL resources.
· Note that CSI reporting and event-triggered reporting are not mutually exclusive, rather, complement each other.
2.3	Selection of candidate cells and/or beams
To save UE energy and support consecutive cell-switching scenario, it should be supported that NW dynamically select a subset of candidate cells and/or beams to be measured from the configured candidate cells and/or beams configured by RRC as shown in Figure 1, rather than all RRC pre-configured candidate cells and/or beams in pool directly to be used for measurement at UE side.


Figure 1. Selection of candidate cells and/or TCI states corresponding to candidate cell
Proposal 10: From the perspective of UE energy saving and supporting consecutive cell-switch scenario(s), support to only measure a subset of candidate cells and/or beams selected from RRC pre-configured candidate cell and/or TCI state pool.
2.4	Beam indication
2.4.1	Timing of TCI indication
In RAN1#110bis-e meeting, the following agreement on timing of beam indication has been achieved:
	Agreement
From RAN1 perspective, the following scenarios can be considered for Rel-18 L1/L2 mobility for beam indication timing. This will be updated depending on further RAN1 assessment and RAN2 decision on the time chart
· Scenario 1: Beam indication before cell switch command
· Scenario 2: Beam indication together with cell switch command
· Scenario 3: Beam indication after cell switch command
Interested companies are encouraged to further study the validity of the scenarios and the potential spec impact.


In RAN1#111 meeting, it was agreed that scenario 2 (beam indication together with cell switch command) is supported for Rel-18 LTM, as follows:
	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).


In RAN1#112 meeting, the following agreement on clarification of applicable channel/signal for indicated beam is achieved:
	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


We observed from the above agreements that whether and/or how to support Scenario 1 and Scenario 3 in Rel-18 LTM has not been determined yet. From our point of view, we think that at least Scenario 1 can be supported for intra-DU case. But for inter-DU case, it seems that more standardization efforts are needed, e.g., introduce coordination among target DU, CU, source DU to enable source DU to obtain TCI state information of target DU, which is up to the progress of RAN3. For Scenario 3, it can be applied for the case that beam for target cell needs to be updated or more refined beam is required for target cell or the previous indicated beam cannot be applied.
Furthermore, as the design related to Scenario 2 is currently under discussion, we are concerned that if we discuss Scenario 1 and Scenario 3 together with Scenario 2, it may make all discussions more complex and even delay progress of entire work item. Based on the above considerations, we propose to first complete the design of Scenario 2, and then evaluate and discussion what additional enhancements or optimizations are needed to support Scenario 1 and Scenario 3 based on Scenario 2.
Proposal 11: Scenario 1 (Beam indication before cell switch command) and Scenario 3 (Beam indication after cell switch command) can be discussed until all designs related to scenario 2 are completed. 
2.4.2	TCI state indication for CORESET#0/Type 0A/1/2-PDCCH CSS sets 
An issue on whether CORESET#0, Type 0A/1/2-PDCCH CSS sets can follow unified TCI state indication has been discussed in the last e-meeting and basically there is a common understanding on beam indication of target cell can be applied to CORESET#0 and CORESETs (other than CORESET#0) associated with Type 0A/1/2-PDCCH CSS sets where “followUnifiedTCIstate” is not set as “enable” or provided. However, there is different views on whether to need introducing additional UE behavior when new TCI state is configured or activated for target cell. In our view, TCI state(s) for target cell have been activated before cell switch command and an indicated TCI state from the activated TCI state(s) is indicated by cell switch command to UE. Based on this, it is a natural way that UE will apply indicated TCI state to receive or transmit DL or UL information without changing TCI state indicated by cell switch command. However, if using the indicated beam for transmission and reception results in poor system performance, we think that legacy method can be reused, such as finding more matching beam pairs through beam training and indicate it to UE.
Proposal 12: For Scenario 2 (Beam indication together with cell switch command), 
· CORESET#0, CORESETs (other than CORESET#0) associated with Type 0A/1/2-PDCCH CSS sets should directly follow Rel-17 unified TCI state indication regardless of additional RRC parameter “followUnifiedTCIstate”.
· Indicated TCI state should be applied till a new TCI state for target cell is indicated.
2.4.3	TCI State Activation
In RAN1#112bis-e meeting, it has been agreed that TCI state activation is done before cell switch command for Scenario 2 (Beam indication together with cell switch command) but there are still some issues to be clarified, as follows:
	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.



According to the above agreement, we think that a clarification on whether TCI state activation is just for target cell should be done first. In our understanding, TCI state activation should be done for at least the activated or selected candidate cell(s), not just for target cell since it may not be known which candidate cell will be target cell before performing TCI state activation operation and in order to support consecutive cell switch scenario. Furthermore, similar logic has been supported for TA acquisition for candidate cell. In agenda item 9.10.2, UE needs to acquire TA for all potential candidate cells, rather than just performing TA for target cell. Based on this, we think that it is a reasonable way to activate TCI state for activated or selected candidate cell(s)
Proposal 13: For the Rel-17 unified TCI based beam indication in Rel-18 LTM, TCI state activation should be done for all activated or selected candidate cell(s), not just for target cell.
As for the signaling of TCI state activation, we think that RAN1 should focus on whether to allow a MAC CE signaling to activate TCI state for multiple cells and what functions can be achieved by TCI state activation MAC CE signaling for Rel-18 LTM, rather than whether to reuse existing legacy MAC CE (i.e., Unified TCI States Activation/Deactivation MAC CE) or define a new MAC CE to achieve TCI state activation. In our view, the related signaling design on TCI state activation should be left to RAN2 for decision. But RAN1 can first discuss and determine whether a single MAC CE activates TCI states of a single candidate cell or a common MAC CE activates TCI states of multiple candidate cells. With the clarification of this issue and the TCI state configuration architecture determined by RAN2, it can be basically determined which of the following cases can be achieved by TCI state activation MAC CE signaling:
· Case-1: TCI states corresponding to different candidate cells are activated through respective MAC CE signaling;
· Case-2: TCI states corresponding to different candidate cells are activated through a common MAC CE signaling; 
· Case-3: TCI states are activated from a common TCI state pool for all candidate cells through a common MAC CE signaling;
· Case-4: TCI states corresponding to different candidate cells are activated from respective subset of TCI states in common TCI state pool through respective MAC CE signaling;
· Case-5: TCI states corresponding to different candidate cells are activated from respective subset of TCI states in common TCI state pool through respective MAC CE signaling;
Proposal 14: RAN1 should first clarify whether TCI states for different candidate cells are activated by respective MAC CE signaling or a common MAC CE signaling and whether to introduce a field to indicate candidate cell information in MAC CE signaling.
· Whether to reuse existing legacy MAC CE (i.e., Unified TCI States Activation/Deactivation MAC CE) for TCI state activation of candidate cell will be up to RAN2.
Regarding the number of activated TCI state, Rel-18 LTM can follow the same value as in Rel-17 unified TCI state, i.e., at most 8 TCI state index pairs per candidate cell.
Proposal 15: For the Rel-17 unified TCI based beam indication in Rel-18 LTM, at most 8 TCI state index pairs are activated for a candidate cell.
2.4.4	Application time of TCI indication
In RAN1#112bis-e meeting, it has been agreed to study beam application time for Rel-18 LTM, which may be different from that without serving cell change, as follows:
	Agreement
Companies are encouraged to study the beam application time for Rel-18 LTM, which may be different from that without serving cell change
· Definition of the beam application time
· The exact value(s), condition and UE capability
· Consider the interaction with the application of the candidate RRC configuration


In Rel-17 ICBM, application time of beam indication is applied for only intra-frequency intra-DU cases and the time of cell switch is not considered. While for Rel-18 LTM, the existing application time of TCI indication specified in Rel-17 ICBM may not cover the time required for cell switch operation, especially for inter-frequency and inter-DU cases. To accommodate different application scenarios such as in inter-DU and inter-frequency in Rel-18 LTM, some enhancements need to be considered. For instance, the reference to determine application time of TCI state indication can be last symbol of receiving TCI state indication or acknowledgement information corresponding to MAC CE carrying TCI state indication, which is similar to the definition logic of Rel-17 beam application time. The time gap relative to the reference can be extended or scaled based on legacy time gap (e.g.,or BeamAppTime-r17) or redefined to reflect the time required for beam switching and cell switching.
Proposal 16: In order to support inter-DU and inter-frequency cases for Rel-18 LTM, application time of TCI state to be applied for target cell needs to be defined or modified based on application time of beam indication specified in Rel-17 ICBM.
Proposal 17: For the Rel-17 unified TCI based beam indication in Rel-18 LTM, 
· The reference to determine application time of TCI state indication for Rel-18 LTM can be last symbol of receiving TCI state indication or acknowledgement information corresponding to MAC CE carrying TCI state indication, which is similar to the definition logic of Rel-17 beam application time. 
· The time gap relative to the reference can be extended or scaled based on legacy time gap (e.g., or BeamAppTime-r17) or redefined.
2.5	Dynamic cell switch mechanism
According to the following working assumption from RAN2 #119-e meeting [7], it was agreed that cell switch is triggered based on L1 measurement. That is, after receiving the L1 measurement report of candidate cells, NW can decide when to deliver cell switch command and which candidate cell switches to.
	· Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS) 


In RAN2#119bis-e meeting [8], the following working assumption on which container to be used to trigger cell switch was made but eventually DCI or MAC CE used to trigger cell switch is still FFS.
	· RAN2 assumes L1/2 mobility trigger information is conveyed in a MAC CE, FFS if the MAC CE or a DCI is used for the actual triggering 


The same issue was also discussed in parallel in RAN1#110bis-e meeting and achieved the following agreement:
	Agreement
· Interested companies are encouraged to perform technical analysis of the cell switch command from a RAN1 point of view, e.g.
-       Necessary information included in the command, which is relevant for RAN1 discussion
-       Necessary number of bits for the information
-       L1 impact or concern to use DCI or MAC CE for L1/L2 cell switch command


In RAN2#120 meeting [9], MAC CE has been agreed to trigger cell switch, as follows: 
	· The MAC CE agreed to carry LTM related information for cell switch is used for LTM triggering of the cell switch.


In RAN1#112bis-e meeting, which information can be included in cell switch command is discussed and achieved the following consensus:
	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)


Regarding C-RNTI, majority companies think that it can be configured in RRC pre-configuration, but such issue has not been discussed and no any consensus as far. So we tend to first include C-RNTI in cell switch command until RAN2 has a definitely conclusion on including it in RRC pre-configuration and send an LS to RAN2 to inform related background information in RAN1.
Regarding whether to carry an indication to trigger AP-TRS transmission from target cell in cell switch command, we think it is related to the definition of DL sync procedure. If DL sync procedure includes coarse sync based on SSB and fine sync based on TRS, it seems unnecessary to introduce a field to trigger AP-TRS transmission from target cell in cell switch command. Otherwise, such indication can be included in cell switch command to improve demodulation performance. The same logic is also applied for the introduction of a field to trigger the CSI acquisition of the target cell.
Proposal 18: Regarding contents of cell-switching MAC CE,
· C-RNTI can be first included in cell switch command until RAN2 has a definitely conclusion on including it in RRC pre-configuration.
· Whether to introduce a field to trigger AP-TRS transmission from target cell in cell switch command depend on the definition of DL synchronization procedure.
2.6	DL synchronization
In legacy mobility model as shown in Figure 2, after receiving cell switch command, UE is required to perform DL synchronization operation that includes measuring the downlink signal of target cell to acquire time and frequency synchronization with a target cell and detecting the physical layer Cell ID of the target cell. Actually, this step only achieves coarse synchronization.
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Figure 3. A model of mobility latency before Rel-18 mobility enhancement
In order to improve demodulation performance and minimize specification impacts, a fine synchronization can be performed before cell switch command, which can be regarded as a part of DL synchronization. In such case, DL synchronization procedure includes two parts: one is coarse synchronization based on SSB, the other is fine synchronization based on TRS, where TRS can be reference RS included in the activated TCI states. Note that TRS is used as a reference RS that is QCLed with DMRS of PDSCH/PDCCH in legacy.
Proposal 19: In order to improve demodulation performance and minimize spec impact, DL synchronization procedure should include two parts:
· (1) coarse synchronization based on SSB;
· (2) fine synchronization based on TRS indicated in the activated TCI states.
Conclusion
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we will share our views on Rel-18 L1/L2 triggered mobility. The proposals are provided as follows:
Proposal 1: In addition to SSB based measurement RS, CSI-RS based measurement RS should be supported in Rel-18 LTM.
· Support at least CSI-RS for beam management and CSI-RS for tracking should be supported for Rel-18 LTM.
· Support sending an LS to RAN4 to ask feasibility of supporting CSI-RS and whether it can be finalized in Rel-18.
Proposal 2: Regarding SSB based L1 intra- and inter-frequency measurement,
· For Intra- and inter-frequency: Cell identification (e.g., PCI), ssb-Periodicity, ssb-PositionInBurst and measurement gap should be included in measurement configuration.
· For inter-frequency, at least ssb-Freq, ssbSubcarierSpacing should be included in measurement configuration
· FFS: half Frame index and SFN related information (e.g., sfn0-Offset (sfn-Offset and integerSubframeOffset) and sfn-SSB-Offset).
Proposal 3: Regarding RSRP quantization and differential report, the similar method as in legacy L1-RSRP reporting should be reused for Rel-18 LTM.
· X reported RSRP values consist of reference RSRP (e.g., corresponding to the best or strongest beam) and X-1 differential RSRP (e.g., corresponding to other reported beams except the best or strongest beam).
Proposal 4: M x L beams in a single report instance are selected based on L best cells and M best beams for each of L best cells.
Proposal 5: Whether cell information corresponding to reported beam should be explicitly included in a single report instance needs to be clarified.
Proposal 6: Do not support UE to report less than M x L beams in a single report instance.
Proposal 7: Support the beams from serving cell are always included in a single report instance when the number of reported cells configured for UE is no less than 2 (i.e., L >= 2).
· Note that UE does not expect to be confiugred the number of reported cell (L) to be 1. 
Proposal 8: Do not support the restriction on at least one of the inter-frequency cells is always selected in the L reported cells.
Proposal 9: Event-triggered reporting should be supported for Rel-18 LTM to compensate the shortage of CSI reporting.
· Define the event and condition to start/stop the reporting.
· Container to report: MAC CE (e.g., similar to BFR MAC CE) can be used to save UL resources.
· Note that CSI reporting and event-triggered reporting are not mutually exclusive, rather, complement each other.
Proposal 10: From the perspective of UE energy saving and supporting consecutive cell-switch scenario(s), support to only measure a subset of candidate cells and/or beams selected from RRC pre-configured candidate cell and/or TCI state pool.
Proposal 11: Scenario 1 (Beam indication before cell switch command) and Scenario 3 (Beam indication after cell switch command) can be discussed until all designs related to scenario 2 are completed.
Proposal 12: For Scenario 2 (Beam indication together with cell switch command), 
· CORESET#0, CORESETs (other than CORESET#0) associated with Type 0A/1/2-PDCCH CSS sets should directly follow Rel-17 unified TCI state indication regardless of additional RRC parameter “followUnifiedTCIstate”.
· Indicated TCI state should be applied till a new TCI state for target cell is indicated.
Proposal 13: For the Rel-17 unified TCI based beam indication in Rel-18 LTM, TCI state activation should be done for all activated or selected candidate cell(s), not just for target cell.
Proposal 14: RAN1 should first clarify whether TCI states for different candidate cells are activated by respective MAC CE signaling or a common MAC CE signaling and whether to introduce a field to indicate candidate cell information in MAC CE signaling.
· Whether to reuse existing legacy MAC CE (i.e., Unified TCI States Activation/Deactivation MAC CE) for TCI state activation of candidate cell will be up to RAN2.
Proposal 15: For the Rel-17 unified TCI based beam indication in Rel-18 LTM, at most 8 TCI state index pairs are activated for a candidate cell.
Proposal 16: In order to support inter-DU and inter-frequency cases for Rel-18 LTM, application time of TCI state to be applied for target cell needs to be defined or modified based on application time of beam indication specified in Rel-17 ICBM.
Proposal 17: For the Rel-17 unified TCI based beam indication in Rel-18 LTM, 
· The reference to determine application time of TCI state indication for Rel-18 LTM can be last symbol of receiving TCI state indication or acknowledgement information corresponding to MAC CE carrying TCI state indication, which is similar to the definition logic of Rel-17 beam application time. 
· The time gap relative to the reference can be extended or scaled based on legacy time gap (e.g., or BeamAppTime-r17) or redefined.
Proposal 18: Regarding contents of cell-switching MAC CE,
· C-RNTI can be first included in cell switch command until RAN2 has a definitely conclusion on including it in RRC pre-configuration.
· Whether to introduce a field to trigger AP-TRS transmission from target cell in cell switch command depend on the definition of DL synchronization procedure.
Proposal 19: In order to improve demodulation performance and minimize spec impact, DL synchronization procedure should include two parts:
· (1) coarse synchronization based on SSB;
· (2) fine synchronization based on TRS indicated in the activated TCI states.
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