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Introduction
In RAN4 #108bis, the WF [1] is approved. Moreover, RAN4 has received one LS [2] from RAN2.
Based on all above information, we provide our view on the following aspects:
· Baseline UE which is not expected to use L3 measurement results for L1 measurement reporting
· Optional UE which supports using L3 measurement results for L1 measurement reporting.
Discussion on baseline L1 measurement
<On applicability rules for L1 measurements >
In RAN4 #107, the following conclusion has been achieved by RAN4.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Issue 2-1-1: Whether L1 measurement configured after receiving L3 measurement report on that cell
< Agreement>: 
· For the baseline “UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report”:
· For the behaviour of the NW, L3 measurement report is not the prerequisite of L1 measurement configuration.
· From the view of UE, UE should have performed L3 measurement on the neighbour cell before UE performs L1 measurement on that cell.

[bookmark: _Hlk127802603]Issue 2-1-4: Requirement applicability rule for L1-RSRP measurement 
< Way Forward>: 
           Common understanding: 
· For the baseline “UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report”:
· Before L1-RSRP measurement, UE should achieve frame/slot/symbol level synchronization including acquiring SSB index information (on which symbols the RS to-be-measured) of the to-be-measured neighbour cell, otherwise cell detection delay and SSB index acquisition delay are needed.
· This issue can be closed.


Therefore, at least in R18, in our understanding, UE needs to perform L3 measurement on a given cell before L1 measurement is performed on that cell. The SSB detection, SSB based rough beam measurement and SSB index acquisition should be performed before L1 measurement is actually performed, and current L3 measurement requirements can be re-used in these parts.
Note that deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17 can be configured for the SSB frequency layer to be measured. For intra-frequency L1 measurement, if deriveSSB-IndexFromCell has been configured on the corresponding L3 MO, the SSB index reading can be skipped. For inter-frequency L1 measurement, if deriveSSB-IndexFromCellInter-r17 is provided to the corresponding MO, the SSB index reading can be skipped. Otherwise, no matter whether SSB index reporting is configured in the corresponding L3 MO or not, SSB index reading is needed for the L1 measurements.
	TS 38.331 v17.6.0

	deriveSSB-IndexFromCell
If this field is set to true, UE assumes SFN and frame boundary alignment across cells on the same frequency carrier as specified in TS 38.133 [14]. Hence, if the UE is configured with a serving cell for which (absoluteFrequencySSB, subcarrierSpacing) in ServingCellConfigCommon is equal to (ssbFrequency, ssbSubcarrierSpacing) in this MeasObjectNR, this field indicates whether the UE can utilize the timing of this serving cell to derive the index of SS block transmitted by neighbour cell. Otherwise, this field indicates whether the UE may use the timing of any detected cell on that target frequency to derive the SSB index of all neighbour cells on that frequency.

	[bookmark: _Hlk97458315]deriveSSB-IndexFromCellInter
If this field is present, UE assumes SFN and frame boundary alignment between the reference serving cell indicated by ServCellIndex and all neighbour cells in this MeasObjectNR as specified in TS 38.133 [14]. This field also indicates that the UE can utilize the timing of the reference serving cell indicated by ServCellIndex to derive the index of SS block transmitted by all inter-frequency neighbour cells on the frequency indicated by the MeasObjectNR. When this field is included, the network should set deriveSSB-IndexFromCell to true.







Therefore, it is worth noting that L3 MO provide necessary information for UE in the L1 measurement. At least in R18, we think RAN4 may only be able to proceed the RRM requirements definition on the scenarios where L3 MO and L1 MO are configured for the same frequency, since cell detection can not be covered by L1 measurement.
Proposal 1  For LTM L1 measurement, RRM requirements are applicable only if L1 measurement layer is configured on the same frequency as one of current L3 MO.
Proposal 2  Regarding how to obtain SSB index:
· For LTM candidate/target cell on a serving CC, if deriveSSB-IndexFromCell is not configured in the corresponding ServingCellMO, UE needs additional time for SSB index reading. It is assumed that deriveSSB-IndexFromCell is always enabled for FR1 TDD and FR2.
· For LTM candidate/target cell on an inter-frequency measurement layer, if deriveSSB-IndexFromCellInter is not configured in the corresponding MO, UE needs additional time for SSB index reading
In [2], RAN2 has asked the following question.
Question: Does the UE need to know the SMTC of LTM candidate cells in order to perform L1 measurements (so that it needs to be included in the RS configuration)?  



As long as proposal 1 is accepted, UE may associate the corresponding L1 measurement and L3 measurement by its own implementation. Therefore, we assume no need to explicit configure the associated SMTC.
Proposal 3  No need to explicit provide the SMTC for LTM candidate cell in LTM-Candidate-r18, if RRM requirements are applicable only if L1 measurement layer is configured on the same frequency as one of current L3 MO.

<On Scenarios of intra-frequency L1-RSRP Measurement>
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 1  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 this case, L1 measurement can be performed with the similar behaviour as current L3 measurement, i.e. no measurement gap is needed by the UE, and UE may perform L1 measurement with the periodicity equal to MeasCycleSCell. However, similar to 8.2.2.2.3, UE may need interruptions while performing L1 measurement on that cell.
Proposal 4  If the SSB for L1 measurement in LTM is an intra-frequency L1 measurement on de-activated SCC, RAN4 confirms to specify RRM requirements for this case. 
- The measurement cycle is the same as MeasCycleSCell configured in L3 MO.
- The interruption specified for L3 measurement on de-activated SCC can be re-used.
Regarding whether to define requirements for the case when SSB periodicity of neighbour cell equals to SMTC in FR1 and FR2, for FR1 we see no issue for this, while for FR2 the requirements has already been defined considering sharing factors between L3 and L1 measurements.
Proposal 5  For both FR1 and FR2, define RRM requirements for the case when SSB periodicity of intra-frequency neighbour cell equals to SMTC periodicity in R18 LTM, and R17 L1-measurement requirement on neighbour cell can be re-used as baseline.
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 2  Searcher sharing for L3 and LTM L1 measurement within active BWP
Figure 2 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 6  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 inter-f L1 measurement requirements>
In last meeting, the following issue is discussed.
	Issue 2-4-1-1: The principles in defining inter-frequency L1-RSRP measurement period with MG in FR1
< Way Forward >:
FFS
· In FR1, within one gap occasion, if there is L1 measurement to measure but L3 MO on the same frequency layer is not the candidate due to that SSB periodicity is smaller than SMTC periodicity, the L1-RSRP measurement is regarded as one independent candidate to be measured in a gap when calculating CSSF for other overlapped inter-frequency layers.
Issue 2-4-1-3: inter-frequency L1-RSRP measurement period with MG in FR1
<Way forward>: 
FFS:
· Option 1 (MTK): 
· Use the following table as a baseline for inter-frequency L1-RSRP measurement period with MG in FR1:
	Condition
	T L1-RSRP_SSB_measurement_period_inter

	No DRX
	Max(Treport, Ceil(M * Kgap)  Max(MGRP, SSB period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(Treport, Ceil(M  1.5 * Kgap)  Max(MGRP, SSB period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(M * Kgap)  DRX cycle  CSSFinter

	The definition of Kgap is the same as L3 measurement which is a scaling factor for a SSB frequency layer to be measured within an associated measurement gap pattern.




· FFS the value or definition of “M” and “CSSFinter”.
· Option 2 (vivo): 
· For inter-frequency L1 measurement within type 1 measurement gap, UE starts to performs L1 measurement at the time UE finishes the L3 measurement on this frequency layer.
· Tidentify_inter_without_index_with_L1 = (  Tidentify_inter_without_index   +  TL1_measurement ) ms
· Tidentify_inter_with_index_with_L1 = (  Tidentify_inter_with_index   +  TL1_measurement ) ms





For inter-frequency L1 measurement within type 1 measurement gap, normally UE performs L1 measurement after L3 measurement is finished. As illustrated in Figure 3, the measurement of an inter-frequency layer needs RF retuning from serving CC to this layer, and re-tuning back. In this case, the legacy CSSF is defined assuming UE may measure each frequency layer one-by-one. Note that the measurement scheduler is fully up to UE implementation. 


Figure 3  Measurement gap sharing between inter-frequency SSB layers
In R18, compared to the UE behaviour illustrated in Figure 3, some companies prefer to perform L1 measurement within gaps on an indicated layer more frequently i.e. Option 1 in issue 2-4-1-3 and WF in issue 2-4-1-1. However, according to existing L3 measurement reporting requirements, the following is captured.
	TS 38.133 v17.11.0
9.2.4.3	Event Triggered Reporting
…
A cell is detectable only if at least one SSBs measured from the Cell being configured remains detectable during the time period Tidentify_intra_without_index or Tidentify_intra_with_index as defined in clause 9.2.5.1 or clause 9.2.6.2. If a cell which has been detectable at least for the time period Tidentify intra without index or Tidentify intra with index defined in clause 9.2.5.1 or clause 9.2.6.2 becomes undetectable for a period ≤ 5 seconds and then the cell becomes detectable again with the same spatial reception parameter and triggers an event, the event triggered measurement reporting delay shall be less than TSSB_measurement_period_intra provided the timing to that cell has not changed more than  3200/ Tc while the measurement gap has not been available and L3 filtering has not been used, where µ is the SCS configuration as defined in clause 4.2 of TS 38.211 [3].




The above cited description clearly states the requirements to UE behaviour if its signal quality goes below detectable SNR threshold then goes back normal. For L3 measurement, UE is able to do this because rough synchronization can be obtained by UE during initial cell search. For L1 measurement, no cell search can be performed as agreed in RAN1/2 so far. In legacy, L1 measurement are only for beam managements, and most principles for legacy L1 measurement are re-used in this release. However, legacy L1 measurements are only performed within active BWPs and this restriction is relaxed in R18 LTM. Therefore, in this release, RAN4 can only consider that L1 measurement is not able to deal with the above highlighted case by its own. In other words, UE can still rely on L3 measurement to deal with deep channel fading in time domain.
Observation 2  For R18 LTM L1 measurements, UE still relies on L3 cell search and measurements in dealing with time-domain deep channel fading. The requirements to UE behaviour are clear according to L3 reporting delay requirements in TS38.133.
Therefore, providing more samples for L1 measurement can be risky, since UE may already lose its rough sync to the corresponding target cell, and the samples can be wasted if no immediate L3 measurement can be performed. To move forward, we can consider to compromise to option 1 in issue 2-4-1-3 and WF in 2-4-1-1 if M in option 1 is no less than 4. 
Proposal 7  For inter-frequency L1 measurement within type 1 measurement gap, enough SSB measurement samples on the corresponding frequency layer needs to be considered to ensure that UE is allowed to perform additional L3 measurement, i.e. cell search and rough synchronization to deal with time-domain deep channel fading.

Discussion on using L3 measurement results for L1 measurement reporting
In last meeting, some conclusion on this issue has been made. [1]
	Issue 4-1-1: UE Capability
<Way Forward> FFS the following Options:
· Option 1 (Nokia): 
· UE capability is introduced to use L3 measurement results for intra-frequency and inter-frequency L1 measurement report
· If the number of cells to measure exceeds the L1 based LTM measurement capability, UE is allowed to perform L3 measurements and report them in L1 reporting format.
· UE supporting the L3 measurements in L1 measurement format capability should support also the baseline L1 measurement capability
· Option 2 (vivo): UE enters fall-back mode, i.e. reporting L3 measurements in L1 report, if the conditions, under which UE is able to ensure L1 measurement performance based on L1 measurement delay, are not met. UE may return to the normal mode when the conditions are stable for a pre-defined period. It is up to UE to determine the actual threshold/mechanism how to determine the conditions are met or not.
· Option 3 (Apple): 
· From RAN4 requirements point of view, RAN4 shall not use L3 measurement results for L1 measurement report, including intra-frequency and inter-frequency.
· The benefits of LTM mainly includes the fact that UE can do pre-sync with target cell, including T/F tracking, fine beam training, TA preparation and etc, before leaving the source serving cell. However, using L3 measurement results for L1 reporting does not provide any benefit on these aspects.
· using L3 measurement in L1 report does not provide any additional information on top of existing L3 measurement report. If the concern is only for CU/DU signal exchange, it can be done in RAN2/3 without changing UE measurement behavior.
· Option 4 (QC):
· RAN4 to agree to support L3 RSRP measurement based LTM cell switch feature by removing LTM L1 RSRP measurement/report from the prerequisite for LTM cell switch feature.

Issue 4-1-2: Measurement reporting
<Way Forward> FFS the following Options:
· Option 1 (Nokia, QC): 
· UE reports based on L1 measurement configuration
· Measurement report mapping: No changes to Table 10.1.6.1-1 are needed due to support of L3 measurements in L1 measurement report.
· L3 and L1 measurements are not included in the same report, at least in rel-18
· Option 2 (Ericsson):
· RAN4 to agree that the L1-RSRP report sent to NW can contain L1-RSRP derived from L1 measurement and L1-RSRP derived from L3 measurement results.
· One bit field can be introduced in the measurement report to distinguish whether L1-RSRP is measured or L1-RSRP derived. Detailed signalling can be left to RAN1/RAN2.
· NW to indicate whether UE should report a L1 based report alone or report containing L1 and L3 results.

Issue 4-1-3: Measurement requirements
<Way Forward> FFS the following Options:
· Option 1 (Nokia, QC): 
· L3 measurement requirements are followed, where applicable
· RAN4 to discuss accuracy requirements during performance part.
· UEs capable of reporting L3 measurements in L1 report, number of frequency layers to measure for neighboring cell follows the same requirements as L3 measurements.
· As a baseline: Intra-frequency in clause 9.2, inter-frequency in clause 9.3
· Option 2 (Ericsson): 
· If RAN4 agreed to Option 2 in issue 4-1-2, RAN4 to introduce requirements for baseline feature alone and no need of any additional requirements for optional feature as it is only a reporting mechanism and not a measurement mechanism.

Issue 4-1-4: TCI state activation
<Way Forward> FFS the following Options:
· Option 1 (Nokia): 
· TCI state activation based on L3 measurements reported in L1 measurement report follows the same procedure as TCI state activation based on L1 measurement based LTM.
· TCI state activation is based on the reported L3 measurements in L1 measurement report:
· In FR1, UE do not need additional SSB to meet transmit timing requirements for PRACH on neighbour cell if the L1-RSRP measurement period is with 160ms.
· For FR2, UE may need additional SSB to meet the transmit timing requirements for PRACH on neighbour cell.
· Similar to baseline framework, L1 measurement format derived using L3 measurement results are reported in UCI. Same number of M and L applies. RAN4 will specify RRM requirements for the following cases

Issue 4-1-5: Scenarios supported for L3 measurement in L1 report
<Way Forward> FFS:
· Scenarios for RTD smaller than and larger than CP between source and candidate cell are supported if using L3 measurement in L1 report is finally kept in R18.

Issue 4-1-6: Cell switch delay
< Way Forward > FFS:
· Cell switch delay components follow the LTM baseline if using L3 measurement in L1 report is finally kept in R18.



In our understanding, in case UE sees it cannot guarantee measurement performance based on L1 measurements, UE supporting this feature will automatically switch to the fall-back mode of reporting L3 measurements in L1 report. Conversely, as long as the condition, under which UE is able to perform L1 measurement, is stable for a pre-defined duration, UE may switch back to the normal mode. 
Based on the highlighted part above, the conditions for L1 measurements at least includes
· RTD between cells on a single frequency layer is NOT larger than CP
· Rx SNR is larger than -3dB
The conditions for fall-back mode, i.e. reporting L3 measurement results in L1 measurements at least includes
· Rx SNR is below -3dB but above -6dB.
Based on above, we have the following proposal.
Proposal 8  UE enters fall-back mode, i.e. reporting L3 measurements in L1 report, if the conditions, under which UE is able to ensure L1 measurement performance based on L1 measurement delay, are not met. UE may return to the normal mode when the conditions are stable for a pre-defined period. It is up to UE to determine the actual threshold/mechanism how to determine the conditions are met or not.
For UE who supports reporting L3 measurement results in L1 measurement, network may activate neighbour cell TCI before cell switch based on the L3 measurement while the actual RTD between cells is larger than CP. For UE not supporting RTD > CP for baseline L1 measurement, this would cause trouble, as the corresponding TCI may not be actually activated. In our understanding, in this case UE would still need additional time for one SSB in cell switch or PDCCH ordered RACH.
[bookmark: _GoBack]For UE who supports reporting L3 measurement results in L1 measurement, network may activate neighbour cell TCI before cell switch, or indicate cell switch, based on the L3 measurement while the actual SNR of neighbour cell is < -3dB. In this case, cell switch or TCI activation would fail. Our understanding is that no one can guarantee LTM cell switch is always successful and RAN2 has defined the fast recovery procedure in case of failure. Moreover, the L3 measurement results reported in L1 measurement can be used for further activation or deactivation of semi-persistent CSI reporting. Network may solve this issue by configuration and activation/triggering of corresponding CSI reports.
Hence, in our understanding, gNB has no need to know whether the reported results from L1 is obtained by L3 measurement of the UE, or L1 measurement of the UE.
Observation 3  No need for gNB to know whether the L1 reported results is obtained by L3 measurement of the UE, or L1 measurement of the UE.
Conclusions
Based on above analysis, we have following observations and proposals.
Proposal 1  For LTM L1 measurement, RRM requirements are applicable only if L1 measurement layer is configured on the same frequency as one of current L3 MO.
Proposal 2  Regarding how to obtain SSB index:
· For LTM candidate/target cell on a serving CC, if deriveSSB-IndexFromCell is not configured in the corresponding ServingCellMO, UE needs additional time for SSB index reading. It is assumed that deriveSSB-IndexFromCell is always enabled for FR1 TDD and FR2.
· For LTM candidate/target cell on an inter-frequency measurement layer, if deriveSSB-IndexFromCellInter is not configured in the corresponding MO, UE needs additional time for SSB index reading
Proposal 3  No need to explicit provide the SMTC for LTM candidate cell in LTM-Candidate-r18, if RRM requirements are applicable only if L1 measurement layer is configured on the same frequency as one of current L3 MO.
Observation 1  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 4  If the SSB for L1 measurement in LTM is an intra-frequency L1 measurement on de-activated SCC, RAN4 confirms to specify RRM requirements for this case. 
- The measurement cycle is the same as MeasCycleSCell configured in L3 MO.
- The interruption specified for L3 measurement on de-activated SCC can be re-used.
Proposal 5  For both FR1 and FR2, define RRM requirements for the case when SSB periodicity of intra-frequency neighbour cell equals to SMTC periodicity in R18 LTM, and R17 L1-measurement requirement on neighbour cell can be re-used as baseline.
Proposal 6  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 2  For R18 LTM L1 measurements, UE still relies on L3 cell search and measurements in dealing with time-domain deep channel fading. The requirements to UE behaviour are clear according to L3 reporting delay requirements in TS38.133.
Proposal 7  For inter-frequency L1 measurement within type 1 measurement gap, enough SSB measurement samples on the corresponding frequency layer needs to be considered to ensure that UE is allowed to perform additional L3 measurement, i.e. cell search and rough synchronization to deal with time-domain deep channel fading.
Proposal 8  UE enters fall-back mode, i.e. reporting L3 measurements in L1 report, if the conditions, under which UE is able to ensure L1 measurement performance based on L1 measurement delay, are not met. UE may return to the normal mode when the conditions are stable for a pre-defined period. It is up to UE to determine the actual threshold/mechanism how to determine the conditions are met or not.
Observation 3  No need for gNB to know whether the L1 reported results is obtained by L3 measurement of the UE, or L1 measurement of the UE.
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