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Introduction
In RAN4 #109, the WF and LS to RAN2 [1], [2] are approved.
Based on all above information, we provide our views on the essential maintenance issues of R18 LTM general aspects.
Discussion
<On Scenarios of intra-frequency L1-RSRP Measurement on deactivated SCC >
In last meeting, the following issue was discussed without conclusion.
	[bookmark: _Hlk150257145]Issue 2-3-1-2: whether to consider L1-RSRP measurement on deactivated SCell
<Agreement>
· Discuss this issue in maintenance part if RAN1/2 agree to support L1-RSRP measurement on deactivated SCell.



So far, based on RAN1/2 conclusions, LTM L1 RSRP measurement can be configured on any SSB frequency. It can be either on a frequency layer within active BWP, or a frequency layer outside active BWP. Hence, in our understanding, L1-RSRP measurement on de-activated SCell is already supported.
Observation 1  L1-RSRP measurement on de-activated SCell is already supported by RAN1/2.
Figure 1 below is one typical deployment scenario for inter-band CA, at least for FR1. In high speed scenario, such as highway or high-speed train (< 350km/h), normally it is observed that UE needs to perform measurements for both current PCC and a SCC on the other band. As the LTM feature aims to reduce HO delay and improve mobility performance, in our understanding, L1 measurement for the SCC in this case can help a lot in reducing inter-frequency cell switch delay, no matter the SCC is activated or not. Note that the target cell in this case does not necessarily to be a current serving cell, but can be a neighbour cell that on the same frequency as SCell.


Figure 1  Cell switch between PCC and SCC in typical inter-band CA scenario
Observation 2  In inter-band CA scenario, cell switch between PCC and SCC is possible, and the target cell in the cell switch command can be a neighbour cell on an intra-frequency layer of an SCell.
The activation and de-activation of the SCell is normally decided by the traffic data demand. Therefore, to ensure mobility performance, L1 measurement on de-activated SCC should be considered. In legacy, L3 measurement on deactivated SCC is supported by UE without gaps in R15, and interruptions are allowed. However, in R17/R18 needforGap or needforNCSG related discussion, UE can be provided with NCSG for this so as to eliminate gaps. As the mechanism of needforNCSG is becoming stable in R18 Gap enh. WI, and considering limited time in R18 Mob. maintenance phase, it is suggested that L1 measurement on de-activated SCC is discussed in R19 Mob. or RRM enh. WI.
Proposal 1  RRM requirements for LTM L1 measurement on de-activated SCC are discussed and specified in R19.

<On UE behaviour details if UE incapable of L1 measurement with RTD > CP>
In last meeting, the following are discussed and agreed.
	Issue 2-3-2-1: Measurement period for UE incapable of RTD>CP or UE incapable of measuring multiple cells on the same OFDM symbol when actual RTD>CP 
Thursday ad-hoc agreements:
· when the actual RTD of serving cell and neighbour cell is no larger than CP, the legacy measurement period, measurement restriction and scheduling restriction defined for non-serving cell in R17 apply for intra-frequency L1-RSRP measurement on neighbour cell.
· when actual RTD>CP, no RAN4 requirements.



Actually, unless a dense deployment scenario with good enough synchronization among physical cells is assumed, normally network cannot ensure a small enough Rx timing difference between serving cell and neighbour cell from UE perspective. Therefore, for an intra-frequency layer, if UE always performs serving cell L1 measurement and neighbour cell L1 measurement on the same OFDM symbol(s), the feasible scenario of LTM for UE incapable of RTD>CP is seriously restricted. To solve this issue in maintenance phase of R18 Mob., we see one feasible way is configuring only neighbour cell in LTM L1 measurement and reporting config, i.e. under LTM-CSI-ResourceConfig-r18, while gNB uses legacy L1 measurement and reporting config under ServingCellConfig for the L1 reporting of serving cell measurements. An illustration of this can be found in Figure 2.


Figure 2 L1 measurements of serving cell and of the best neighbour cell are performed on different OFDM symbols.
The essence of Figure 2 is based on the ‘timeRestrictionForChannelMeasurements’ indicated for legacy L1 measurement. However, for LTM L1 measurement, it is not yet agreed to reuse the legacy ‘timeRestrictionForChannelMeasurements’ in RAN1/2. Our understanding is that for intra-frequency L1 measurement, it is always assumed that UE reports the latest measurement result from neighbour cell on each of the L1 reporting occasion. 
Observation 3  It is not yet agreed in RAN1/2 to reuse the legacy ‘timeRestrictionForChannelMeasurements’ for LTM L1 measurement.
Proposal 2  For LTM intra-frequency L1 measurement, UE performs L1 measurement based on only the most recent , no later than the CSI reference resource, occasion of SS/PBCH associated with the CSI resource setting, at least for intra-frequency L1 measurement. No need for RRC IE timeRestrictionForChannelMeasurements’ in LTM L1 measurement configuration. 
· Send LS to RAN1/2 enclosing RAN4 conclusions for this issue.
On the other hand, since RAN4 #106, only the scenario that serving cell SSBs and neighbour cell SSBs are measured at the same time is considered. The agreements in RAN4 #106 is cited as follows.
	[bookmark: _Hlk128499667][bookmark: _Hlk118843704]Issue 3-2-2: Whether to consider RTD of serving cell and neighbour cell larger than one CP for intra-frequency L1-RSRP measurement
Online agreement
<Agreement>: 
· For SSB based intra-frequency L1 measurement, 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



The agreements only focus on the RTD between serving cell and neighbour cell. However, according to latest RAN1/2 configuration for LTM L1 measurements, serving cell SSB is not necessarily configured in the LTM measurement resources. Actually, only LTM candidate cell IDs are configured for LTM L1 measurement, and whether serving cell is measured at the same time is up to UE implementation according to RAN1/2 specs, which is cited below. 
	TS38.331 v18.0.0
[bookmark: _Toc131064947]–	LTM-CSI-ResourceConfig
The IE LTM-CSI-ResourceConfig defines a group of one or more CSI resources for one or more LTM candidate configurations.
LTM-CSI-ResourceConfig information element
-- ASN1START
-- TAG-LTM-CSI-RESOURCECONFIG-START

LTM-CSI-ResourceConfig-r18 ::=      SEQUENCE {
    ltm-CSI-ResourceConfigId-r18              LTM-CSI-ResourceConfigId-r18,
    ltm-CSI-SSB-ResourceSet-r18               LTM-CSI-SSB-ResourceSet-r18,
    ...
}

LTM-CSI-SSB-ResourceSet-r18 ::=     SEQUENCE {
    ltm-CSI-SSB-ResourceList-r18              SEQUENCE (SIZE (1..maxNrofLTM-CSI-SSB-ResourcesPerSet-r18)) OF SSB-Index,
    ltm-CandidateIdList-r18                   SEQUENCE (SIZE (1..maxNrofLTM-CSI-SSB-ResourcesPerSet-r18)) OF LTM-CandidateId-r18,
    ...
}

	LTM-CSI-SSB-ResourceSet field descriptions

	ltm-CandidateIdList
This field Indicates the LTM candidate cell IDs related to the SSBs in the ltm-CSI-SSB-ResourceList. The list has the same number of entries as ltm-CSI-SSB-ResourceList.

	ltm-CSI-SSB-ResourceList
This field is used to indicate on SS/PBCH block resources from one or more LTM candidate cells.

	ltm-CSI-SSB-ResourceSetId
This field is used to idenfity on SS/PBCH block resource set.



–	LTM-Candidate
The IE LTM-Candidate concerns a LTM candidate configuration to add or modify.
LTM-Candidate information element
-- ASN1START
-- TAG-LTM-CANDIDATE-START

LTM-Candidate-r18 ::=     SEQUENCE {
    ltm-CandidateId-r18                            LTM-CandidateId-r18,
    ltm-CandidatePCI-r18                           PhysCellId,
    ltm-SSB-Config-r18                             LTM-SSB-Config-r18                                    OPTIONAL,    -- Need M





Hence, we think it is necessary to clarify the definition of RTD under current LTM configuration details. In our view, here the RTD should be the Rx timing difference between cells to be measured at the occasion of LTM measurements.
Observation 4  According to current TS 38.331, LTM candidate config is a configuration which may or may not include current SpCell as one of the candidate cell. Hence, for LTM L1 measurement, it is not always necessary to perform serving cell L1 measurements.
Proposal 3  Clarify the RTD for LTM L1 measurement as the Rx timing difference between cells configured by LTM-CSI-ResourceConfig-r18 on which UE is required to perform L1 measurements.
UE may get the Rx timing of neighbour cell during L3 measurement on the same frequency layer. Therefore, the benefit of Figure 2 is that, on the SSB symbols for LTM L1 measurement, UE may ‘prioritize’ the L1 measurement on neighbour cell, but not the serving cell which may always be the cell with the largest Rx power level. In this case, the measurement performance on neighbour cell can be better ensured. On the other hand, serving cell L1 measurement and reporting can be used to derive serving cell L1 results for comparation.
Proposal 4  For the SSB occasions that used for LTM intra-frequency L1 measurement, the Rx timing is based on the neighbour cell with the largest power level, (i.e. excluding serving cell in the power level ranking), at least for the case spcellInlcusion is not configured.
The corresponding change is provided in our CR [3].
Therefore, L3 measurement on the intra-frequency layer for LTM L1 measurement is of greater importance than L3 measurement on other frequency layers, since it would provide the basic synchronization for the LTM L1 measurement. If a L3 measurement frequency layer is also configured with LTM L1 measurement, in our view, this layer should be considered as a candidate PCell. To ensure a short enough L3 measurement periodicity of this layer, so as to avoid the unknown case as discussed above, it is proposed to share the PCC searcher with this layer so as to improve the cell/SSB detection performance. In this case, since the L3 measurement on PCC is mainly for beam detection and rough measurement, the measurement delay performance can be slightly sacrificed.


Figure 3  Searcher sharing for L3 and LTM L1 measurement within active BWP
Figure 3 is an illustration for the intra-frequency LTM L1 measurements. PCC SSB frequency #1 and SCC SSB frequency #3 share the same searcher which is used for PCC in legacy. SCC SSB frequency #2, #3 and #5 share the same searcher, which is used for PSCC or SCC in legacy. Note that R16 inter-frequency no-gap measurement is also considered as one SCC in legacy CSSF calculation, and the same rule above can be followed. 
Proposal 5  For intra-frequency LTM L1 measurement, if configured, the corresponding L3 measurement is performed by sharing the PCC searcher, and the CSSF calculation for L3 measurement is updated based on whether intra-frequency L1 measurement is configured on this L3 frequency layer.

<On L1 report for unmeasured candidate cells >
Based on TS 38.214 and TS 38.331, the number of cells reported in L1 reporting are configured by gNB. Hence, although it might not be a RAN4 RRM issue to discuss the reported value, it is possbile that gNB has configured LTM L1 resource in LTM-CSI-ResourceConfig-r18 but UE may not identify any SSB configured in the CandidateID+SSB_ID list in LTM-CSI-ResourceConfig-r18 based on the side condition for detectable cell/SSB in RRM specs.
Observation 5  Based on the SSB detectable condition defined in TS 38.133, it is possible for LTM L1 measurement that, the number of SSBs identified by UE in the configured list of candidate SSBs in LTM-CSI-ResourceConfig-r18, is less than the number of SSBs configured to report, i.e. nrOfReportedCells-r18 * nrOfReportedRS-PerCell-r18.
Therefore, we think it is necessary to define a rule for the L1 reporting of unmeasured cell/SSB in R18, since the physical size of L1 reporting is fixed, which is different from L3 reporting. This was discussed in last meeting and the following issue is left.
	Issue 2-6-1: L1 report for unmeasured candidate cells 
< Way Forward>: Further discuss the following proposal in maintenance part
· Proposal 1 (QC): 
· In L1-RSRP measurement report, for unmeasured candidate cells, UE reports measured quantity value corresponding to one of the invalid codepoints in Table 10.1.6.1-1, preferably RSRP_0.



We support proposal 1 as it is the simplest approach in R18. Any revisions to RAN1 rules for the L1 reporting would be too late in R18. Moreover, we think the proposal would also impact the known condition of a candidate cell and/or a candidate SSB/TCI. In case the reported resource ID defined in TS 38.212 is associated to the invalid codepoint, the cell/SSB/TCI it reflects cannot be regarded as known based on this reporting.
Proposal 6  In L1-RSRP measurement report, for unmeasured candidate cells, UE reports measured quantity value corresponding to one of the invalid codepoints in Table 10.1.6.1-1, preferably RSRP_0. 
· In this case, the SSB or the cell it reflects remains unknown to the UE.
The impact of above proposal is reflected in our CR[3] and [4].
Conclusions
Based on above analysis, we have following observations and proposals.
Observation 1  L1-RSRP measurement on de-activated SCell is already supported by RAN1/2.
Observation 2  In inter-band CA scenario, cell switch between PCC and SCC is possible, and the target cell in the cell switch command can be a neighbour cell on an intra-frequency layer of an SCell.
Proposal 1  RRM requirements for LTM L1 measurement on de-activated SCC are discussed and specified in R19.
Observation 3  It is not yet agreed in RAN1/2 to reuse the legacy ‘timeRestrictionForChannelMeasurements’ for LTM L1 measurement.
Proposal 2  For LTM intra-frequency L1 measurement, UE performs L1 measurement based on only the most recent , no later than the CSI reference resource, occasion of SS/PBCH associated with the CSI resource setting, at least for intra-frequency L1 measurement. No need for RRC IE timeRestrictionForChannelMeasurements’ in LTM L1 measurement configuration. 
· Send LS to RAN1/2 enclosing RAN4 conclusions for this issue.
Observation 4  According to current TS 38.331, LTM candidate config is a configuration which may or may not include current SpCell as one of the candidate cell. Hence, for LTM L1 measurement, it is not always necessary to perform serving cell L1 measurements.
Proposal 3  Clarify the RTD for LTM L1 measurement as the Rx timing difference between cells configured by LTM-CSI-ResourceConfig-r18 on which UE is required to perform L1 measurements.
Proposal 4  For the SSB occasions that used for LTM intra-frequency L1 measurement, the Rx timing is based on the neighbour cell with the largest power level, (i.e. excluding serving cell in the power level ranking), at least for the case spcellInlcusion is not configured.
Proposal 5  For intra-frequency LTM L1 measurement, if configured, the corresponding L3 measurement is performed by sharing the PCC searcher, and the CSSF calculation for L3 measurement is updated based on whether intra-frequency L1 measurement is configured on this L3 frequency layer.
Observation 5  Based on the SSB detectable condition defined in TS 38.133, it is possible for LTM L1 measurement that, the number of SSBs identified by UE in the configured list of candidate SSBs in LTM-CSI-ResourceConfig-r18, is less than the number of SSBs configured to report, i.e. nrOfReportedCells-r18 * nrOfReportedRS-PerCell-r18.
Proposal 6  In L1-RSRP measurement report, for unmeasured candidate cells, UE reports measured quantity value corresponding to one of the invalid codepoints in Table 10.1.6.1-1, preferably RSRP_0. 
· In this case, the SSB or the cell it reflects remains unknown to the UE.
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