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1 Introduction
In RAN 94 meeting, a new WI ‘Further NR mobility enhancement’ [1] was approved with the following RAN1-relevant objectives: 
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 Rel-17, Inter-Cell Beam Management (ICBM) feature was specified, which enable UE reporting SSB-based measurement for non-serving cell. One of the design goals of Rel-18 LTM WI is to extend the ICBM function and specify a solution that allows a faster cell switching between a set of candidate cells by using L1/L2 based signaling based on the reported L1 measurements. 

In this contribution, we provide our views on the open issues to enable L1/L2-trigger mobility (LTM) in accordance with the latest progress made in RAN1 112bis meeting. 

2. L1 Measurement Configuration 
In RAN1 112 meeting, the following was agreed for L1 measurement configuration associated with candidate cell for LTM procedure [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



The first FFS aspect for L1 measurement configuration is how to indicate the location of measured RS time domain. There are two alternatives, one is to configure a SMTC and the other is to provide ‘periodicity and SSB position in burst’. Two alternatives differ in terms of the need of SSB position in burst as SMTC also provides the periodicity for L1 measurement. 

In RAN1 112bis meeting, the following was included in RAN4 LS reponse regarding the potential relaxation on the reception timing between serving cell and candidate cell for LTM procedure [3]:     
	Question 1 (to RAN4): RAN1 respectfully asks RAN4 if the restriction on e.g., SFN offset alignment, BWP setting, i.e. non-serving cell SSB should be covered by serving cell active BWP, and Rx timing difference, etc, described in 9.13.2 of TS38.133 for intra-frequency L1 non-serving measurement can be relaxed or not. 
RAN4 feedback: 
[bookmark: _Hlk128499667]Whether to consider RTD of serving cell and neighbour cell larger than one CP for intra-frequency L1-RSRP measurement?
· For SSB based intra-frequency L1 measurement, RAN4 agreed to support the scenario that RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than CP length of the corresponding SCS with additional UE capability.
· Note: the need for UE capability can be further discussed subject to the outcome of the discussion on measurement framework.
Whether SFN offset alignment can be relaxed?
· The SFN offset alignment can be relaxed if UE performs L3 measurement before L1 measurement. 
….



Based on the RAN4 response above, the LTM clearly needs to cover RTD > CP length for not only inter-frequency but also the intra-frequency deployment scenario (i.e., unsynchronous case). Consequently, a UE need to perform blindly search to find the timing synchronization i.e., symbol-level timing through cross-correlation during the PSS detection. Therefore, the 2nd option, (i.e., using the L3 SMTC configuration) is a feasible approach to provide RS resource configuration in time-domain. Similar as the existing L3 measurement configuration, the ssb-ToMeasure and deriveSSB-IndexFromCell IEs can be provided to minimize the post processing for SSB-based L1-RSRP associated with candidate cell.      

	ssb-ToMeasure 
The set of SS blocks to be measured within the SMTC measurement duration. ..

	deriveSSB-IndexFromCell 
This field indicates whether the UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell. If this field is set to true, the UE assumes SFN and frame boundary alignment across cells on the serving frequency as specified in TS 38.133 [14].




We therefore propose the following: 
Proposal 1: 
· For intra-frequency and inter-frequency measurement, the following can be provided as time-domain parameters for L1-RSRP measurement configuration: 
· SMTC window, ssb-ToMeasure and deriveSSB-IndexFromCell. 


Measurement RS and Quantity

In the RAN1 111 meeting, the SSB was agreed as measured RS for both inter- and intra-frequency measurement as follows [3]: 
	Agreement
· For candidate cell measurement for Rel-18 LTM, 
· SSB based L1-RSRP is supported for intra-frequency measurement
· SSB based L1-RSRP is supported for inter-frequency measurement from RAN1 point of view
· FFS: L1-SINR, CSI-RS based L1-RSRP




Two FFS aspects remain open, one is whether to additionally support CSI-RS based measurement and the other is the necessity to support L1-SINR report quantity in addition to L1-RSRP for LTM operation.

One the first FFS aspect for measurement RS, CSI-RS based BM provides more flexibility in terms of narrower beamwidth, time-domain location (e.g., aperiodic transmission) and frequency allocation (e.g., larger number of RBs), which can be tailored for a specific UE to fine tune and refine its beam during LTM procedure. Therefore, the CSI-RS based measurement should be additionally supported in addition to SSB signal. 
On the other hand, this transparent approach for non-serving cell CSI-RS based measurement is operated with certain restrictions at the non-serving cell, which include an aligned Point A configuration, a same SCS, an aligned center frequency and SFN offset with the serving cell. Then, the discussion point is whether to remove these restrictions to enhance the flexibility of CSI-RS based L1 measurement for LTM procedure. It seems necessary to indicate these parameters at least for inter-frequency CSI-RS L1 measurement. Consequently, the Proposal 1 is also applied for CSI-RS based measurement. It is our understanding that Rel-17 ICBM framework already supports to configure a TCI-state with ‘non-serving cell’ SSB as QCL target RS. Therefore, no additional enhancement is foreseen to enable CSI-RS measurement for candidate cell from QCL signaling perspective.   
Proposal 2: 
· Support CSI-RS used for beam management and tracking to be configured for L1 intra-frequency and inter-frequency measurement.  


Per definition in [4], the L1 SINR is computed by L1-RSRP divided by the ‘noise + interference’ that are measured in the REs carrying IMR resource. From measurement complexity perspective, compared to L1-RSRP, L1-SINR computation clearly increases the processing time due to the interference measurement and relevant processing, which is somehow contradict with the design goal of LTM in terms of latency reduction for handover. Secondly, support L1-SINR for LTM needs non-trivial standard efforts, e.g., how to define and configure the interference measurement resource of candidate cells. In addition, LTM procedure is likely to be operated on top of the current L3 measurements for target cell refinement and ‘finer’ measurement. Since SINR quantify can be configured for L3 measurement, the combination of ‘SINR on L3 + RSRP on L1’ provides a sufficient tool for network to make reliable mobility decision with a minimized latency to achieve LTM design goal. Considering the fast variance of interference and no filtering operation for LTM, the L1-SINR is more prone to error and not suitable for handover decision. With the discussions above, the real benefit of L1-SINR over L1-RSRP for LTM is unclear and the increased standard efforts/UE complexity needs to be clearly justified by sufficient performance gains through evaluation. 

Proposal 3: 
· Not support L1-SINR for intra-frequency and inter-frequency measurement unless a significant performance benefit would be observed for LTM operation.  

Another open issue is whether to support UL signal (e.g.,SRS signal) based measurement to trigger LTM operation. Using SRS measurement for LTM trigger needs to reserve dedicated resources for each UE, which results in a very high overhead and causes SRS resource limiting for the current serving cell. In addition, SRS-based measurement through cross-cell coordination is already possible based on network implementation. We therefore propose the follows: 

Proposal 4: 
· Not specify L1 measurement based on UL signal for LTM triggering. 
3. L1 Measurement Reporting
In RAN1 111 meeting, RAN1 made the following agreements for candidate cell measurement report: 
	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. 



In the NR CSI framework, including Rel-17 ICBM, the association between an aperiodic CSI report and the CSI resource sets is configured by RRC signaling. Thus, if the CSI resource set becomes outdated due to UE mobility, network would have to resort to RRC signaling to change the CSI report setting, leading to that RRC signaling is needed to handle CSI report of candidate cell in LTM. The latency of RRC signal becomes a problem when the CSI resource sets need to be updated in response to UE movement. The rate of the CSI resource set update depends on the UE mobility trace and the type of antenna deployment at the gNB. One alternative way to avoid RRC signaling is to introduce a MAC-CE for CSI resource set and CSI report mapping. As depicted in FIG.1 below, the MAC-CE can be used to associate an A-CSI report to the CSI resource sets of Cell #1/Cell#2 and then to be updated to map with CSI-RS resource set on Cell#4/5/6 based on the new UE location for potential cell switch. 

Proposal 5: 
· For an aperiodic CSI report of LTM, introduce a MAC-CE to update the association between a CSI report and the corresponding CSI resource set in different target cells. 
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Figure 1: Fast Update the associated candidate cell and CSI resource set for CSI report


In the RAN1 112bis-e meeting, the following was agreed for LTM CSI reporting: 
	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 


For beam management report of a serving cell, a UE reports the best beam(s) with the largest measured values. It can be used as metric to select the ‘’ cells. In addition, ‘’ beams are further reported for each cell of the ‘’ selected cells. 

Proposal 6: 
· UE selects the ‘L’ cells based on the largest measured L1-RSRP value and then report ‘M’ best beam for each selected cell.  


On the maximum value of ‘’ and ‘’, as in Rel-17 ICBM, it is important to allow UE indicating support of one candidate cell in addition to the serving cell i.e., . Furthermore, the maximum number of RSRP value per cell defined in Rel-15 is {1,2,4} (i.e., UE feature 2-29). To achieve the LTM design goal with a reasonable measurement complexity, the  should be additionally supported, which allows the combination of ‘’ (i.e., 1 serving cell + 1 candidate cell) and ‘’ for each reported cell. 

Another FFS aspect is whether UE is allowed to report less than  beams in a single report instance where ‘’ and ‘’ are configured by RRC signaling. In general, this feature results in variable UCI payload size over PUCCH and PUSCH and requires a significant standard effort e.g., to define the metric that UE can reduce the measurement reports and how to indicate the variable size to NW such that the hypothetical detection can be avoided. The benefit should be carefully evaluated to justify the necessity of this optimization.   

Proposal 7: 
· In addition to , support  for UE capability report. 


On the content of L1 measurement reporting, we believe it is important to provide the flexibility for NW to configure whether the serving cell can be included in the L1 report when . This allows NW to timely obtain a coupled serving cell quality in a fast channel variance use case and use it as reference to compare with coupled L1-RSRP reports associated with candidate cells and thus make a proper LTM triggering decision. For the measurement report associated with serving cell, a L1-RSRP result is sufficient to provide the reference for comparison and we do not see any need to include the SSBRI information. 

Proposal 8: 
· RRC signaling is introduced to configure whether the serving cell is included in the L1-RSRP measurement report. 
· For measurement report associated with serving cell in LTM operation, L1-RSRP result is included without need of SSBRI information.  

Another FFS aspect related to report configuration is whether at least one inter-frequency cell is always included in the measurement report when .We acknowledge that it is a valid use case. However, our observation is that it can be achieved already based on the existing CSI measurement framework. As one example, for an aperiodic/periodic/SP CSI report in LTM, NW has the flexibility to configure to-be-measured SSB resource set on different frequency layer(s) compared to the current serving cell(s) to support inter-frequency cell switch operation. Consequently, the ‘’ measured L1-RSRP values for these inter-frequency cells are reported. The necessity to introduce a new signaling is unclear for us.        

Observation 1: 
· The CSI measurement framework supports to report measurement results for inter-frequency cells by properly configuring the measured RS resources and can be reused by LTM operation.  


Event-triggered Measurement Report 
In the RAN1 111 meeting, extensive discussions happened for event-triggered L1 report for LTM and the following was agreed to further study [4]: 
	Agreement 
· For L1 measurement report for Rel-18 L1/L2 mobility, if UE event triggered report for L1 measurement is supported based on further study
· At least the following aspects may be considered 
· How to define UE event and exact definition of events,
· Report container
· Resource allocation/assignment for UE event triggered report 
· Necessity of indication to gNB when the condition UE event is met, and how
· Necessity to define the condition to start/stop the reporting, 
· Contents of the report/reporting format, PCI, RS ID, measurement result etc.
· The interaction with filtered L1 measurement results (if supported) 
· Support of simultaneous configuration of both UE event triggered and any of periodic/semi-persistence/aperiodic reporting, and solutions when both of them are configured.
· Report destination, whether the report is sent to serving cell only or can be sent to one or more candidate cell(s).
· Benefit when L3 measurement is involved




Compared to network-controlled reporting, event-triggered L1 report results in a lower overhead in uplink and achieves a faster L1 reporting, which eventually translates to faster cell switching, a better UE power consumption as well as a lower network complexity. Although event-triggered L1 report requires the design of corresponding events, our current assessment is that the existing A5 event in L3-based mobility can be reused, which is simple and can still fulfil the design purpose of LTM operation.

Similar as the event-triggered report for L3 mobility, the number of reported beams/cells that met the metric maybe varied for different report instances. The variable payload motivates to use MAC-CE to carry the event-triggered report, instead of PUSCH used for network-controlled report. Naturally, a dedicated SR resource can be provided and used by UE to request PUSCH from the NW for event-triggered report. As the LTM is triggered by the serving cell, it is straightforward to transmit L1 report to serving cell only.   
  
       
Proposal 9: 
· Consider reusing the existing event A5 event (i.e., SpCell becomes worse than threshold1 and neighbour becomes better than threshold2) to support event triggered L1 reporting for LTM procedure 
· The threshold values are controlled by network as part of event-based measurement configuration.
· The event-triggered CSI report can be carried by a MAC-CE over PUSCH to the serving cell.  
· A dedicated SR resource maybe provided by RRC signaling to request PUSCH for event-triggered CSI report.    


4. On DL Synchronization
In RAN1 112bis-e meeting, the following was agreed for DL synchronization of LTM procedure [4]:  

	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.



On the TCI-state activation for candidate cell(s), a simple way is to enhance Rel-17 TCI-state activation MAC-CE by adding the cell ID of the candidate cell. On Alt.2, our preference is not to support it as the early TCI-state activation before CSC command is an essential step to achieve the latency reduction goal of LTM, which impacts both DL and UL sync latency. Alt.2 would result in up to 20ms interruption time where UE cannot receive from the serving cell and achievable latency is quite similar as in legacy L3 handover. 
A UE needs to acquire DL synchronization at the first step of LTM procedure after L1 measurement report. Although the target cell is likely to be one of the candidate cells and UE performed L1 measurement on it, the UE may not store/maintain the obtained timing due to memory cost and target cell uncertainty. Consequently, the UE has to re-sync with target cell once receiving the CSC signal and leads to additional interruption time. 
To mitigate this interruption time for DL synchronization, a UE can report the number of RSs/candidate cells that it can store the estimated QCL parameters (e.g., TO/FO etc.) with balancing between UE memory complexity/cost and the LTM operation latency. 
We therefore propose the following: 

Proposal 10:     
· Not support TCI-state activation for a candidate cell is received together with beam indication of the candidate cell (i.e., Alt.2). 
· To support Alt.1, a candidate cell ID is added to the Rel-17 TCI-state activation MAC-CE. 
· When a single TCI-state is activated for a candidate cell, the beam information is NOT present in the cell switch command. 
· For Alt.1, the total number of TCI-states that activated by activation MAC-CE(s) for different candidate cells before cell switch command is indicated as part of LTM UE capability report. 


One more open issue related to DL sync procedure is beam application time for Rel-18 LTM. In RAN1 112bis-e meeting, the following was agreed for further study [4]: 
	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 unified TCI framework, two beam application times (BATs) are defined, one for TCI-state indicated by MAC-CE and the other is for TCI-state indicated by DCI format. For the first one, BAT is defined as 3ms after UE sends HARQ-ACK for the MAC-CE. On the other hand, BAT for the 2nd case is defined as ‘’ symbols after UE sends ACK for the DCI where . The reason that different values were defined is mainly to consider that MAC-CE is transmitted over PDSCH and involves cross-layer interaction to parse the MAC-CE and deliver the decoded TCI-state back to Physical layers. For Rel-18 LTM, the beam information is indicated through MAC-CE, it is feasible to reuse the BAT defined for Rel-17 MAC-CE based signaling i.e., 3ms after UE sends a HARQ-ACK information for the CSC command. 

Regarding the interaction with the application of the RRC configuration of the candidate cell, we do not see clear dependency with beam application time. Instead, the application time of RRC configuration for candidate cell is a separate topic and being discussed in RAN2.   


Proposal 11:     
· The beam application time for beam information indicated in CSC command is defined as 3ms after UE sends the HARQ-ACK information for the CSC MAC-CE. 
· The application time of the RRC configuration for candidate cell is left to RAN2 as usual.  

Figure 2 provides a brief signal flow of LTM operation including the TCI-state activation MAC-CE transmission for DL sync and PDCCH-order transmission to trigger UL synchronization before a cell-switch command. 
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Figure 2: A overall LTM Signal flow with DL sync and UL sync operation before cell switch command
5. On RRC Parameters for L1 Measurement of LTM 
In RAN1 112, the following was agreed for L1-RSRP measurement RS configuration [2] and included in LS to RAN2: 
	· The detailed design of RRC structure is up to RAN2, and send an LS to RAN2 to request to work on the RRC structure design on the measurement configuration. 
· Following RAN1 understanding will be provided in the LS
· RAN1 has discussed the following configuration options for L1 measurement configurations for SSB till RAN1#112: 
· Option 1) Configurations for L1 measurement RS is provided under ServingCellConfig for the serving cells
· is useful to reuses the mechanism for Rel-17 ICBM and necessary information to support inter-frequency measurement will be added there.
· Option 2) Configurations for L1 measurement RS is provided separately from ServingCellConfig for the serving cells and CellGroupConfig for the candidate cells
· is useful to avoid the duplicated configurations for L1 measurement RSs, [and avoid UE to process configurations for L1 measurement RS provided under CellGroupConfig for the candidate cells]
· Option 3) Configurations for L1 measurement RS is provided under CellGroupConfig for the candidate cells
· can achieve the similar benefit as Option 2) by directly referring to the candidate cell configurations. 
· Note RAN2 has a full flexibility to design the whole RRC structure design.
· RAN1 believes this is RAN2 expert region, and respectfully asks RAN2 to finalize the RRC structure design after RAN1 finalizes the discussion on RRC parameters. 
· It is noted that RAN1 foresees the necessity of similar discussions on TCI state pool for candidate cells and L1 measurement report configurations. 


In RAN2 120bis e-meeting, RAN2 discussed the LS and consensus was reached as follows [5]: 
	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 For L1 measurements of LTM candidate cells, the reporting configuration is placed inside the ServingCellConfig of current serving cell(s). 



At the end of each WI, one of RAN1 tasks is to provide detailed RRC parameter IE list to RAN2 to complete the ASN.1 implementation. For L1 measurement enhancement for inter-cell beam management, it is important to continue discussing the L1 measurement configuration and provide a full list of RRC parameters to RAN2 such that the LTM WI can be completed.
In the existing CSI report framework for a serving cell, an IE ‘CSI-MeasConfig’ is used to configure the CSI reporting, which consists of two parts essentially, one is the configuration of CSI Resource sets and the other is IEs for CSI-Report configurations.
CSI reports for candidate cells in LTM
The IE ‘CSI-ReportConfig’ is used to configure periodic or SP or aperiodic report on PUCCH or PUSCH where each CSI report is identified by a dedicated ‘reportConfigId’. Based on the RAN2 agreement above, the CSI reporting configuration for LTM candidate cells is provided inside the ServingCellConfig of current serving cells. A nature solution would be to reuse the existing CSI-reportConfig IE with adding the agreed parameters specific to LTM operation as follows: 
· nrofReportedRSPerCell: This IE defines how many RSs per cell are reported in a single report instance.
· nrofReportedCell: This IE defines how many cells are reported in a single report instance.

Proposal 12:     
· Use the existing IE of ‘CSI-ReportConfig’ to provide the CSI reporting for L1 measurement of LTM candidate cell with adding two new parameters as follows for each LTM CSI reporting: 
	RAN2 Parent IE
	Parameter name in spec
	Description 
	Value Range

	CSI-ReportConfig
	nrofReportedRSPerCell
	This IE defines how many RSs per cell are reported in a single report instance.
	ENUMERATED {FFS} 

	CSI-ReportConfig
	nrofReportedCell
	This IE defines how many cells are reported in a single report instance 
	ENUMERATED {FFS}



Figure 3 provides an example of using the existing CSI report configuration for LTM candidate cell by splitting the CSI reports with 29 reports for serving cell and 2 for candidate cell. 
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Figure 3: Reusing the CSI-reportConfig IE to configure CSI reporting for candidate cells in LTM. 

RAN2 agreed to provide RS configuration for SSB-based measurements of candidate cells outside the ‘servingCellConfig’ of the current serving cell. A simplest way is to create a new CSI resource configure list where each CSI resource configure provide RS configuration including PCI or logical ID, SMTC location, frequency location, and SCS. It should be noted that this kind of structure has been used in the measurement objective (i.e.,’MeasObjectNR’ IE) in L3 measurement configuration. 
One ASN.1 example was provided below to facilitate the discussions: 
	LTM-CSI-ResourceConfig :: =          SEQUENCE {
    LTM-CSI-ResourceSetToAddModList SEQUENCE (SIZE (1..maxNrof-LTM-CSI-Resources)) OF LTM-CSI-ResourceSet; 
    LTM-CSI-ResourceToReleaseList SEQUENCE (SIZE (1..maxNrof-LTM-CSI-Resources)) OF LTM-CSI-ResourceID;
….
}

LTM-CSI-ResourceConfig =          SEQUENCE {
   LTM-csi-ResourceId              LTM-CSI-ResourceId,

   ssbFrequency                    ARFCN-valueNR
   cellstoAddModlist               PCI-list;
   smtc                            SMTC;
   subcarrierspacing               SubcarrierSpacing; 
   …
} 
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Figure 3: New LTM-CSI-SSB-ResourceSet list outside of serving cell configuration for LTM. 
Referring to FIG.3 above, one CSI report ‘x’ of LTM can associate with one or more CSI-SSB-Resource Set or frequency layers, which provides an important flexibility for load balancing use case. 

 Proposal 13: 
· Introduce a new ‘LTM-CSI-ResourceConfig’ RRC parameter to configure the RS resources for SSB-based measurements of candidate cells. 
· Per RAN1 agreement, each ‘LTM-CSI-Resource’ element in the list consists of PCI or logical ID, SMTC location, frequency location, and SCS.
· Introducing a new parameter ‘ltm-resourcesForChannelMeasurement’ in the ‘CSI-ReportConfig’ IE to link the one or more ‘LTM-CSI-Resource’ with a CSI reporting. 
· Adopt the Table 2 as RRC parameter list for RS configuration of LTM. 


Table 2: RRC parameters list for RS configuration of LTM outside of servingcellConfig.
	RAN2 Parent IE
	Parameter name in spec
	Description 
	Value Range

	CSI-ReportConfig
	ltm-resourcesForChannelMeasurement
	This IE defines resources for channel measurement on candidate cells of LTM
	

	FFS (up to RAN2)
	LTM-CSI-ResourceConfig
	This IE defines pool of LTM-CSI-SSB-ResourceSet 
	

	LTM-CSI-ResourceConfig
	LTM-CSI-Resource
	This IE defines an LTM-CSI- Resource. 
	

	LTM-CSI-ResourceConfig
	LTM-csi-ResourceId        
	Used in LTM-CSI-Resourceto refer to an instance of LTM-CSI-Resource
	

	LTM-CSI-ResourceConfig
	ssbFrequency
	Indicates the frequency of the SS associated to this LTM-CSI-Resource
	

	LTM-CSI-ResourceConfig
	cellstoAddModlist
	Provide the PCI associated with ssbFrequency and ssbSubcarrierSpacing
	

	LTM-CSI-ResourceConfig
	smtc
	
	

	LTM-CSI-ResourceConfig
	subcarrierspacing
	
	Subcarrier spacing of SSB.
Only the following values are applicable depending on the used frequency:
FR1: 15 or 30 kHz
FR2-1: 120 or 240 kHz
FR2-2: 120, 480, or 960 kHz     



6. Conclusion 
In this contribution, we have presented our views on L1 enhancements for inter-cell mobility, including both L1 measurement and cell switching signal design aspects. Based on the discussions in the previous sections, we observe and propose the following: 

Proposal 1: 
· For intra-frequency and inter-frequency measurement, the following can be provided as time-domain parameters for L1-RSRP measurement configuration: 
· SMTC window, ssb-ToMeasure and deriveSSB-IndexFromCell. 
Proposal 2: 
· Support CSI-RS used for beam management and tracking to be configured for L1 intra-frequency and inter-frequency measurement.  

Proposal 3: 
· Not support L1-SINR for intra-frequency and inter-frequency measurement unless a significant performance benefit would be observed for LTM operation.  

Proposal 4: 
· Not specify L1 measurement based on UL signal for LTM triggering. 

Proposal 5: 
· For an aperiodic CSI report of LTM, introduce a MAC-CE to update the association between a CSI report and the corresponding CSI resource set in different target cells. 

Proposal 6: 
· UE selects the ‘L’ cells based on the largest measured L1-RSRP value and then report ‘M’ best beam for each selected cell.  

Proposal 7: 
· In addition to , support  for UE capability report. 

Proposal 8: 
· RRC signaling is introduced to configure whether the serving cell is included in the L1-RSRP measurement report. 
· For measurement report associated with serving cell in LTM operation, L1-RSRP result is included without need of SSBRI information.  

Proposal 9: 
· Consider reusing the existing event A5 event (i.e., SpCell becomes worse than threshold1 and neighbour becomes better than threshold2) to support event triggered L1 reporting for LTM procedure 
· The threshold values are controlled by network as part of event-based measurement configuration.
· The event-triggered CSI report can be carried by a MAC-CE over PUSCH to the serving cell.  
· A dedicated SR resource maybe provided by RRC signaling to request PUSCH for event-triggered CSI report.    

Proposal 10:     
· Not support TCI-state activation for a candidate cell is received together with beam indication of the candidate cell (i.e., Alt.2). 
· To support Alt.1, a candidate cell ID is added to the Rel-17 TCI-state activation MAC-CE. 
· When a single TCI-state is activated for a candidate cell, the beam information is NOT present in the cell switch command. 
· For Alt.1, the total number of TCI-states that activated by activation MAC-CE(s) for different candidate cells before cell switch command is indicated as part of LTM UE capability report. 

Proposal 11:     
· The beam application time for beam information indicated in CSC command is defined as 3ms after UE sends the HARQ-ACK information for the CSC MAC-CE. 
· The application time of the RRC configuration for candidate cell is left to RAN2 as usual.  



Proposal 12:     
· Use the existing IE of ‘CSI-ReportConfig’ to provide the CSI reporting for L1 measurement of LTM candidate cell with adding two new parameters as follows for each LTM CSI reporting: 
	RAN2 Parent IE
	Parameter name in spec
	Description 
	Value Range

	CSI-ReportConfig
	nrofReportedRSPerCell
	This IE defines how many RSs per cell are reported in a single report instance.
	ENUMERATED {FFS} 

	CSI-ReportConfig
	nrofReportedCell
	This IE defines how many cells are reported in a single report instance 
	ENUMERATED {FFS}



Proposal 13: 
· Introduce a new ‘LTM-CSI-ResourceConfig’ RRC parameter to configure the RS resources for SSB-based measurements of candidate cells. 
· Per RAN1 agreement, each ‘LTM-CSI-Resource’ element in the list consists of PCI or logical ID, SMTC location, frequency location, and SCS.
· Introducing a new parameter ‘ltm-resourcesForChannelMeasurement’ in the ‘CSI-ReportConfig’ IE to link the one or more ‘LTM-CSI-Resource’ with a CSI reporting. 
· Adopt the Table 2 as RRC parameter list for RS configuration of LTM. 


Table 2: RRC parameters list for RS configuration of LTM outside of servingcellConfig.
	RAN2 Parent IE
	Parameter name in spec
	Description 
	Value Range

	CSI-ReportConfig
	ltm-resourcesForChannelMeasurement
	This IE defines resources for channel measurement on candidate cells of LTM
	

	FFS (up to RAN2)
	LTM-CSI-ResourceConfig
	This IE defines pool of LTM-CSI-SSB-ResourceSet 
	

	LTM-CSI-ResourceConfig
	LTM-CSI-Resource
	This IE defines an LTM-CSI- Resource. 
	

	LTM-CSI-ResourceConfig
	LTM-csi-ResourceId        
	Used in LTM-CSI-Resourceto refer to an instance of LTM-CSI-Resource
	

	LTM-CSI-ResourceConfig
	ssbFrequency
	Indicates the frequency of the SS associated to this LTM-CSI-Resource
	

	LTM-CSI-ResourceConfig
	cellstoAddModlist
	Provide the PCI associated with ssbFrequency and ssbSubcarrierSpacing
	

	LTM-CSI-ResourceConfig
	smtc
	
	

	LTM-CSI-ResourceConfig
	subcarrierspacing
	
	Subcarrier spacing of SSB.
Only the following values are applicable depending on the used frequency:
FR1: 15 or 30 kHz
FR2-1: 120 or 240 kHz
FR2-2: 120, 480, or 960 kHz     
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