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Introduction
In RAN4 #106 and RAN4 #106-bis-e, R18 L1L2-triggered mobility was discussed in RRM session and the WF was agreed in [1] [2].
On the other hand, RAN1 has sent one LS to RAN4 [3]. Two questions were asked.
Questions to RAN4 in R1-2210727
[bookmark: _Hlk116971433]Question 1 (to RAN4): As mentioned in this agreement, while RAN1 assumes Rel-17 ICBM CSI measurement as starting point for L1 intra-frequency measurement for Rel-18 L1/L2 mobility, RAN1 wonders 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.

Question 2 (to RAN4): As mentioned in this agreement, RAN1 would like to ask RAN4 to confirm our understanding that the supported scenarios not included in intra-frequency are regarded as inter-frequency for L1 measurement, which includes at least the following scenarios:
· The frequency of the measured RS not covered by any of the active BWPs of SpCell and Scells configured for a UE, but covered by some of the configured BWPs of SpCell and Scells configured for a UE.
· The frequency of the measured RS not covered by any of the configured BWPs of SpCell and Scells configured for a UE 
Also, RAN1 would like to inform RAN4 of our understanding that the introduction of measurement gap and SMTC for L1 inter-frequency measurement, if any, is expected to be a RAN4 issue.


In the reply LSs from RAN4 [4], the following conclusions were made.
RAN4 feedback for Q1: 
RAN4 has not yet achieved any consensus and will further study whether the restrictions described in 9.13.2 of TS 38.133 for intra-frequency L1 non-serving measurement for Rel-18 L1/L2 mobility can be relaxed.
RAN4 feedback for Q2: 
For the definition of SSB based intra/inter-frequency L1 measurement,
· The following definition of SSB based intra-frequency L1 measurement has been agreed in RAN4#104bis-e, RAN4 recommends RAN1 to use the same definition as RAN4.
· For SSB L1-RSRP measurement, follow the definition of L3 measurement:
· A measurement is defined as a SSB based intra-frequency L1 measurement provided the center frequency and SCS of the SSB of the neighbor cell is the same as SSB of the serving cell indicated in ServingCellConfigCommon 
· Note: RAN4 will revisit the definition based on RAN1/2 conclusion.

· The supported scenarios not included in intra-frequency L1 measurement are regarded as inter-frequency L1 measurement.
· For SSB based L1 measurement, intra-frequency or inter-frequency is defined with reference to the centre frequency and SCS of serving cell SSB but not BWP.
· For CSI-RS based L1 measurement, RAN4 has not discussed the definition of ‘intra-frequency/inter-frequency’ yet. 
For the clarification on Scenario#1 and Scenario#2,
· For SSB based L1 measurements in both Scenario#1 and Scenario#2 mentioned in Question 2, it can be intra-frequency or inter-frequency L1-RSRP measurement depending on whether SSB of neighbour cell has the same centre frequency and SCS as serving cell or not. If SSB of neighbour cell has the same centre frequency and SCS as serving cell, then this scenario is the intra-frequency L1 measurement. Otherwise, it is the inter-frequency L1 measurement.



In RAN4 #106, an additional LS [5] is replied to provide the information regarding Q1.
RAN4 feedback for Q1: 
[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. 
[bookmark: _Hlk126693494]Whether SSB for intra-frequency L1 measurement should be covered by serving cell active BWP?
· At least in some scenarios, the SSB for intra-frequency L1 measurement may not be covered by serving cell active BWP. The scenarios and whether to define the L1-RSRP measurement requirements for those scenarios are under discussion in RAN4.


Based on all above information, we provide our views on the L1 measurements for R18 L1L2-triggered mobility. 
Discussion on the classification of L1 measurements
<On	whether to use intermediate L3 measurement results in L1 measurement report >
In last meeting, the following was discussed.
Issue 2-3-2: Whether to use L3 measurement results or intermediate L3 measurement results for FR1 intra-frequency L1 measurement report
Issue 2-3-3: Whether to consider using L3 measurement results or intermediate L3 measurement results for FR1 inter-frequency L1 measurement report
< GTW Agreement>:
· Do not use L3 intermediate results for FR1 intra-frequency L1 report and FR1 inter-frequency L1 report
· FFS on the assumptions on the number of cells used for L1 measurements
· Note: Intermediate L3 measurement results are any measurements samples or average of the samples obtained for the purpose of L3 reporting
· FFS whether to recommend RAN1/2 to consider a new reporting mechanism
· FFS whether to use final L3 measurement results for FR1 intra-frequency L1 measurement report or for FR1 inter-frequency L1 measurement report.


Firstly, the relation between L3 measurement and L1 measurement needs to be clarified for LTM. In previous RAN4 meeting, the definition of intra-frequency L1 measurement and inter-frequency L1 measurement has been agreed. However, in current TS 38.133, generally the measurements that have RRM requirements are intra-frequency measurement, inter-frequency measurement and L1-RSRP measurements.
TS 38.133 v18.0.0
[bookmark: _Toc5952669][bookmark: _Toc5952670]9.1	General measurement requirement
9.1.1	Introduction
This clause contains general requirements on the UE regarding measurement reporting in RRC_CONNECTED state. The requirements are split in intra-frequency, inter-frequency, inter-RAT E-UTRAN FDD, inter-RAT E-UTRAN TDD, and L1-RSRP measurements requirements. These measurements may be used by the NG-RAN. The measurement quantities are defined in TS38.215 [4], the measurement model is defined in TS38.300 [10], TS37.340 [17] and measurement accuracies are specified in clause 10. Control of measurement reporting is specified in TS 38.331 [2].


However, there is no explicit definition for the 'L3 measurement' in RAN4 specs yet. It is just common understanding. Currently 'L3 measurement' are based on the measurement configuration in MeasConfig, but L1-RSRP measurement are based on the measurement configuration in CSI-ResourceConfig under CSI-MeasConfig. Note that in R18 LTM, how to configure the L1 measurement for mobility is still under discussion in RAN2/RAN1. In last RAN4 meetings, RAN4 has also agreed to FFS whether to recommend RAN1/RAN2 to consider a new reporting mechanism.
To summarize, in R18 LTM, there are totally 3 types of measurements, at least for the FR2 scenario.
· [Rough-Rx-beam-based] L3 measurement, while the reporting container is L3 MR.
· Type-2 [Rough-Rx-beam-based] L1 measurement, while the reporting container is UCI or MAC CE (Details are still FFS in RAN1/RAN2)
· Type-1 [Fine-Rx-beam-based] L1 measurement, while the reporting container is UCI.
A table is provided to summarize the differences between different types of measurements.
Table 1  Summary of inter-cell measurements considered in R18 LTM
	
	L3 measurement
	Type-2 L1 measurement
	Type-1 L1 measurement

	Supported RS
	SSB, CSI-RS for mobility
	SSB
	SSB, NZP CSI-RS, IMR

	UE Rx beam assumption Note 1
	Rough Rx beam, beam sweeping is always needed.
	Rough Rx beam, beam sweeping is always needed.
	Fine Rx beam, beam sweeping is not needed for CSI-RS based L1 measurements

	Side condition
	-6dB
	-6dB
	-3dB

	Configuration container
	MeasConfig
	FFS in RAN2/RAN1
	CSI-MeasConfig

	Measurement periodicity
	SMTC periodicity
	SMTC periodicity
	SSB periodicity

	Reporting container
	L3 MR
	UCI or MAC CE (Details FFS in RAN1/RAN2)
	UCI

	L3 filtering
	Needed
	Needed
Might be done in L1/L2 of the UE
	Not needed.

	Intra-frequency measurements outside active BWP
	Scenarios are valid. 
· In some scenarios (e.g. CD-SSB is outside the active BWP of the SpCell), the measurement is performed within gaps, 
· In some scenarios, (e.g. deactivated SCell measurement), the measurement is performed without gaps.
	Scenarios are valid. 
· In some scenarios (e.g. CD-SSB is outside the active BWP of the SpCell), the measurement is performed within gaps, 
· In some scenarios, (e.g. deactivated SCell measurement), the measurement is performed without gaps.
	Scenarios are not valid

	Inter-frequency measurement
	Scenarios are valid
	Scenarios are valid
	Not needed.

	DL synchronization before measurement
	Not needed
	Not needed
	Needed

	Neighbor cell detection
	Performed parallel with the measurement
	Performed parallel with the measurement
	Not needed

	Searcher is used for measurement
	Yes, searcher sharing between carriers is needed.
	Yes, searcher sharing between carriers is needed.
	No

	Support of RTD > CP between different cells in the same frequency layer
	No need for UE capability
	No need for UE capability
	UE capability is needed

	Purpose
	HO/ PSCell_addition/ PSCell_change/ SCell_addition/ SCell_activation
	LTM cell switch/ Indicating start of fine-Rx-beam-based L1 measurement on a given cell
	Beam management

	Available RRM core requirements
	Intra-frequency in clause 9.2, inter-frequency in clause 9.3
	As a baseline:
Intra-frequency in clause 9.2, inter-frequency in clause 9.3
	Intra-cell in 9.5, inter-cell in 9.13. Not to consider the inter-frequency case.

	Note 1:  Only applicable to FR2.



Based above classification of measurement behaviour, the benefits are two folds. Firstly, UE can directly re-use legacy L3 measurement behaviour for Type-2 L1 measurements, while leaving the legacy Type-1 L1 measurement unchanged. With new reporting mechanism in Type-2 L1 measurements, the L1/L2 of the gNB may get the result directly from UE, hence triggering cell switch faster than legacy. Secondly, the impact to spec would be quite small. The most important impact would be clarifying the definition of Type-2 L1 measurement in TS 38.133, and link existing requirements to it.
Proposal 1  In R18, RAN4 captures a new type of L1 measurement in the spec on top of existing measurements, if RAN1/RAN2 agrees to support:
· Existing L3 measurement, while the reporting container is L3 MR.
· Existing Type-1 L1 measurement for beam managements, while the reporting container is UCI.
· New Type-2 L1 measurement for mobility, while the UE measurement behaviour is the same as L3 measurement, and new measurement and reporting mechanism are to be introduced by RAN2/RAN1.

Discussion on enhancements for existing type of L1 measurements
In this section we focus on existing L1 measurements, i.e. Type-1.
<On applicability rule for L1 measurements>
In last meeting, the following issue is discussed.
Issue 2-2-1: DL synchronization assumption for L1 measurements
[bookmark: _Hlk132991709]< Way forward >: FFS the following options
· Option 1 (MTK, Xiaomi, vivo, Huawei, Apple): 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 
· whether SFN level sync is needed waits for RAN1 progress.
· Option 2 (vivo, Ericsson, Nokia): FFS


For existing L1 measurement, option 1 is reasonable. SFN level synchronization requires UE to decode MIB, which is not always done by the UE. However, in our understanding, since the total number of neighbour cells that UE is required to perform L1 measurements will not be larger than a predefined number, e.g. 1, in our understanding the extra-effort in the MIB decoding is needed. Some recommendation to RAN1 would be helpful for this.
Observation 1  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, which is based on L3 measurements
· UE should decode MIB to obtain SFN, which is normally used in periodicity and offset configuration in physical layer, e.g. in CSI-RS based L1-RSRP measurement configuration and RACH occasion configuration.
Based on above, the DL sync before L1 measurement should be performed. Especially, the time duration to obtain MIB is needed. Moreover, L1 measurement are only performed in the active BWP. In the active BWP, UE may need to perform downlink sync based on either SSB or source RS of the TCI state.
Proposal 2  The subset of candidate cells, on which L1-RSRP measurement is performed by UE, is activated by network. RAN4 defines activation delay requirements for activating the L1-RSRP measurement.

Issue 2-2-3: Whether L1 measurement configured after receiving L3 measurement report on that cell
< Way forward >: FFS the following options
· Option 1 (MTK, Xiaomi, Huawei, CTC, Apple, CATT): UE performs L1 measurement on a neighbour cell after UE has performed L3 measurement on that cell in the last [5] seconds.
· Option 2 (MTK, Ericsson): When NW configures a cell for L1 measurement, and if the UE did not measure that cell in last [5] seconds, UE performs L1 measurement on that cell after performing L3 measurement.
· Option 3 (CMCC, MTK, Nokia): L3 measurement report is not a prerequisite for LTM L1-measurement configuration.


As discussed in previous issue, in our understanding, L3 measurement should be the perquisite of L1 measurement. To allow network for the activation of L1-RSRP measurement, report of L3 measurement is necessary. 
In last meeting, the issue on whether to report the L3 measurement results in lower layers has been discussed. From RAN4 perspective, the benefit to report the final L3 measurement results in lower layer is not quite clear. In our view, RAN4 can inform RAN2 about this, as subsequent LTM is agreed in RAN2. The layer on which the UE report is sent can be decided by RAN2.
Proposal 3  Report of L3 measurement results is necessary for activating the L1-RSRP measurement on that cell. RAN2 can decide on which layer the report of L3 measurement result is sent.

[bookmark: _Hlk132896914]Issue 2-2-4: known cell condition for L1-RSRP measurement
< Way forward >: FFS the following options
· Option 1(MTK, Xiaomi, Huawei, CTC, Apple, ZTE, OPPO, Ericsson, QC):
· Target cell is considered as known if the following conditions are met in this requirement:
· UE has performed L3 measurement on the target cell during the last [5] seconds, and
· The SSB from the target cell configured for L1 measurement remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
· Otherwise, it is unknown
· Other options omitted…

Based on above discussion, it is still unclear how UE can autonomously determine which cell UE can perform L1-RSRP measurements. UE may not have full information of the deployment, but the network does. It is better if a report, no matter which layer is used, is sent to network. 
Proposal 4  In L1-RSRP measurement for SSBs of a candidate cell, the candidate cell is considered as known if the following conditions are met in this requirement:
· The UE has sent a report of valid L3 measurement results during the last [5] seconds, and
· The to-be-measured SSB from the candidate cell remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.

Issue 2-2-7: How to get SSB index information (on which symbols the RS to-be-measured) of the to-be-measured neighbor cell before L1-RSRP measurement?
< Way forward >:
· To perform intra-frequency L1-RSRP on candidate target cell, if the RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than CP length and less than 2 SSB symbols (CP length< RTD< 2 SSB symbols, UE can derive SSB index according to serving cell timing.
· To perform intra-frequency L1-RSRP on candidate target cell, if SFN offset between serving cell and target cell is not aligned, and if the RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than 2 SSB symbols (RTD>2 SSB symbols), 
· If UE only performed L3 measurement without SSB index reading on the candidate target cell, additional time for reading SSB index is needed.
· If UE has performed L3 measurement and SSB index reading, no additional time is needed.
· 

Based on L3 measurement, UE may obtain the SSB index within a duration specified in TS 38.133. UE may also directly obtain the SSB index from a serving cell if deriveSSB-IndexFromCell is configured by network. For inter-frequency, deriveSSB-IndexFromCellInter is introduced in R17. As stated in 7.7 and 7.9 in TS 38.133, the tolerance for deriveSSB-IndexFromCell is normally defined as 2 SSB symbols. In our understanding, this information can also be used in the L3 measurement performed before inter-cell L1 measurement. In case deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is provided, UE may skip the DL synchronization for obtaining frame/slot/symbol level synchronization and SFN level synchronization.
Proposal 5  In case deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is provided, UE may skip the DL synchronization for obtaining frame/slot/symbol level synchronization and SFN level synchronization.

<On measurement capability>
In last meeting, the following issue is discussed.
[bookmark: _Hlk132896970]Issue 2-4-1: The number of cells/resources supported per frequency layer for L1 measurement
< GTW Agreement>:
· The supported maximum number of cells/SSBs configured for L1 measurement [on neighbour cell] is up to UE capability
· Details of capability signalling are FFS including at least:
· Whether to differentiate intra and inter-frequency measurements
· Constraints on the lowest value of the capability
· Signalling granularity
· 

In our understanding, the above agreements apply for each frequency layer. For FR2, we still prefer to consider only one NSC for L1-RSRP measurement requirement definition. In this case the R17 L1-RSRP measurement requirements can be directly re-used.
Proposal 6  RAN4 define R18 L1-RSRP requirements only for the case that only one NSC is supported to be measured by UE in FR2.
In last meeting, the following issue is discussed.
Issue 2-4-2: The number of frequency layers to measure 
< Way forward >: FFS the following options
· Option 1: Focus on the case that UE is required to measure on a single intra-frequency (for neighbour cell) layer when RTD of serving cell and neighbour cell is larger than CP.
· Option 2: FFS
· 

In current L3 measurement requirements, UE is required to perform neighbour cell L3 measurement on only one frequency layer in the same band in FR2. However, for serving cell measurement there is no such restriction. For legacy L1 measurements, there are only restrictions in the total number of RSs to be measured within the same slot. Therefore, we do not see the necessity to limit the number of frequency layer to be measured at least for the case that RTC < CP.
On the other hand, the RTD > CP case is not necessarily supported by the existing L1 measurements. By introducing a new type of L1 measurement, the issue can be easily solved.
Proposal 7  RAN4 do not introduce any requirements on existing L1 measurements for the case RTD > CP. RAN4 only define RRM requirements for a new type of L1 measurements, if agreed by other WGs, for the case RTD>CP. 
· For the case RTD no larger than CP, not to limit the number of frequency layer for existing L1 measurements.
· For the new type of L1 measurements, the number of frequency layer to measure neighbour cell follows the same requirements as L3 measurements.

In last meeting, the following issue is discussed.
Issue 2-4-3: How to handle the number of cells NW configured to measure exceeds UE capability?
< Way forward >: FFS the following options
· Option 1: The configured SSB for L1 measurement on neighbor cell shall not exceed UE capability.
· Option 2: UE autonomous down selection of cells and/or SSBs for L1 measurements and/or L1 measurement and report based on the event conditions NW configured.
· Option 3: Down selection can be defined based on NW indication.
· 

As discussed in Proposal 2, we think the subset of cells to be measured are activated by NW. Without activation UE may not precisely select the cell to be measured based on its own prediction. In case the number of cells to be measured exceed UE capability, we think it would be an error case, and no RRM requirements will be defined.
Proposal 8  No RRM requirements are defined if the number of cells configured/activated to perform L1 measurement exceeds UE capability.

<On intra-frequency L1-RSRP measurement delay requirements>
In last meeting, the following issue is discussed.
Issue 2-5-1-1: Whether to specify requirements for SSB for intra-frequency L1 measurement not covered by serving cell active BWP
< Way forward >: FFS the following option
· The requirements for the case that target SSB is not within active BWP can be hold on after the conclusion of BWP operation without restriction.
· 

In our view, if the existing L1 measurement is concerned, this proposal should not be only for intra-frequency L1 measurement, but also for inter-frequency. If L1 measurement outside active BWP is considered, then gap-based solution needs to be discussed, including ‘NeedForGap’ related. We prefer to only consider L1 measurement within active BWP in this release. As PCell/SCell switch is generally supported, the inter-frequency cell switch can be supported at least under CA scenario.
Proposal 9  The L1-RSRP measurement requirements for the case that target SSB is not within active BWP can be hold on after the conclusion of BWP operation without restriction.
In last meeting, the following issue is discussed.
Issue 2-5-1-2: whether to support the case that SSB periodicity of FR2 intra-frequency neighbor cell equals to SMTC periodicity in R18 LTM.
[bookmark: _Hlk132992620]< Way forward >: FFS the following options
· Option 1: For intra-frequency L1-RSRP measurement with fine beam in FR2, L1-RSRP can be measured within SMTC when following conditions are met.
·  SSB occasions are fully overlapped with SMTC
· Other conditions are not precluded.
· Option 2: RAN4 to define LTM L1 measurement delay requirements for FR2 such that UE is allowed to perform beam refinement over SSBs outside SMTC and MG.
· 

In R17 ICBM, no RRM requirements are defined for this case L1-RSRP measurement with fine beam in FR2 is fully overlapped with SMTC. In R18, requirements can be defined by introducing the sharing factor between serving cell and neighbour cell L1 measurements. The concern of impacting legacy L3 measurement can be solved by network configuration, i.e. the requirements are only defined for the case that SC SSB periodicity = NSC SSB periodicity = SMTC periodicity.
Proposal 10  Define L1-RSRP measurement requirements for the case that SSB periodicity of FR2 intra-frequency neighbor cell and serving cell equals to SMTC periodicity in R18 LTM.

<On inter-frequency L1-RSRP measurement delay requirements>
In last meeting, the following issue is discussed.
[bookmark: _Hlk132897897]Issue 2-6-1-1: Type of inter-frequency L1-RSRP measurement to support
< Way forward >: FFS the following options
· Option 1: As baseline, define the requirement for inter-frequency L1-RSRP measurement with type 1 MG.
· Option 2: Both inter-frequency L1-RSRP measurement with gap and without gap should be considered
· Option 3: 
· Consider both inter-frequency with Type 1 MG and inter-frequency without gap (the target cell’s SSB is completely contained in the DL active BWP) 
· Introduce a UE capability for inter-frequency without gap (the target cell’s SSB is completely contained in the DL active BWP). 
· FFS the details
· Option 4: For R17 L1 measurement, NOT to define inter-frequency L1 measurement requirements. For new Type of L1 measurement if agreed in other WGs, inter-frequency requirements are specified for both the within gap case and outside gap case, and the legacy L3 measurement behaviour is re-used.
· 

As discussed in Proposal 9, we prefer not to define RRM requirements for the case that SSB of inter-frequency neighbour cell is not covered by any active BWP of the UE. For the second bullet of option 3, we see that in R16 it was a UE capability for the L3 measurement. However, for CSI-RS based L1 measurement, there is no additional capability for inter-frequency, no matter the to-be-measured CSI-RS has the same centre-frequency or not. If the legacy SSB-based L1 measurement is concerned here, we do not see the necessity to discuss inter-frequency L1 measurement unless if we consider the case of NCD-SSB. Note that option 1 would lead to further performance degradation to the current L3 measurements, and increase the overall consumption of gaps. The gap-based solutions are precluded even from the BWP without restriction related WI. In all, without further conclusion from BWP without restriction, we think it is pre-mature to support inter-frequency L1 measurement in this release. As discussed in section 2, how to capture this in the spec will also be a big problem.
Proposal 11  For existing L1 measurement, NOT to define inter-frequency L1 measurement requirements. For new Type of L1 measurement if agreed in other WGs, inter-frequency requirements are specified for both the within gap case and outside gap case, and the legacy L3 measurement behaviour is re-used.

<On side condition of intra-frequency L1-RSRP measurement accuracy requirements>
Issue 2-7-1: side condition of intra-frequency L1-RSRP measurement accuracy requirements
< Way forward >: FFS the following options
· Option 1: Reuse legacy value SNR= -3dB
· Option 2: SNR = -6dB (same as L3 measurement) 
· Option 3: For R17 L1 measurements, the side condition for measurement accuracy requirements is -3dB. For new type of L1 measurements if agreed by other WGs, the side condition for measurement accuracy requirements is -6dB.
· 

As summarized in table 1, for Type-1 L1 measurements, we think the -3dB side condition make sense. However, for Type-2 L1 measurements, it would be better to support -6dB side condition.
Proposal 12  For existing L1 measurements, the side condition for measurement accuracy requirements is -3dB. For new type of L1 measurements if agreed by other WGs, the side condition for measurement accuracy requirements is -6dB.

Discussion on a new type of L1 measurement
As discussed in last meeting, it is FFS whether to provide recommendation to other WG for a new reporting mechanism. Based on discussion in section 3, we see the limitation of using existing L1 measurement behaviour in R18 LTM. This is because the legacy L1 measurement are defined for beam management, but here L1 measurement are used for mobility. Moreover, RAN2 has already agreed to support sub-sequent LTM in this release. However, without identifying new cell in advance, UE is not able to perform the existing L1 measurement on the target cell.
Therefore, we have proposed to define a new type of L1 measurement, in Type-2 L1 measurement. However, such reporting mechanism should be discussed in RAN1/RAN2 first. In our view, MAC CE would be more reasonable for the reporting of the new type of L1 measurements. Note that there is one early agreement in RAN1, cited below.
Agreements in RAN1 #110-bis-e
· For L1 measurement report for Rel-18 L1/L2 mobility, further study the following mechanisms:
·  Report as UCI on PUCCH or PUSCH
· Periodic report on PUCCH, semi-persistent report on PUCCH/PUSCH, and aperiodic report on PUSCH
· Potential enhancements to Rel-17 ICBM report format to accommodate Rel-18 scenarios, e.g.
· Inter-frequency measurement, if supported
· Increasing the maximum number of reported beams, which is 4 for Rel-17 ICBM
· Flexible size beam report, e.g., two-part UCI (e.g., the 1st part contains the best beam/cell and the number (e.g., N) of reported beams/cells, the 2nd part contains the rest (N-1) beams/cells
· Reducing the reporting overhead by e.g. choosing beams/cells per frequency or across frequencies to report (FFS how)
· Report on MAC CE 
· Both gNB scheduled and/or UE initiated (if supported) report are studied


However, RAN1 failed to make more progress regarding the L1 measurement for mobility part, due to the in-adequate reply from RAN4 LS. So far, as provided in the introduction part, RAN4 has not yet reach consensus on one important issue, i.e. whether to consider L1 measurement outside active BWP. This is an important issue for R18, especially for the inter-frequency L1 measurements.
The most significant differences between L1 and L3 measurements are mostly specified in RAN4, such as the neighbour cell measurement on an intra-frequency layer, RTD, intra-f/inter-f definition, side condition, sharing factor, etc. Without RAN4’s recommendation, it is quite impossible for RAN1 to start discussion on a new type of L1 measurements.
Therefore, we propose RAN4 to provide following recommendations to RAN1/RAN2.
[bookmark: _GoBack]Proposal 13  RAN4 recommends RAN1/RAN2 to consider classification of L1 measurements into L1 measurements for beam management and L1 measurement for mobility. The detailed signalling and mechanism design is up-to RAN1/RAN2
· For L1 measurement for beam managements, RAN4 will NOT specify RRM requirements for the following cases
· L1 measurement RS is outside active BWP of the UE (This may preclude most of inter-frequency scenarios)
· RTD between cells is larger than CP
· Rx SNR (i.e. the side condition) is below -3dB
· TDM-based sharing between L3 measurement and L1 measurement is needed (This may preclude any sharing that impacts current L3 measurement performance)
· For L1 measurement for mobility, RAN4 will specify RRM requirements for the following cases
· L1 measurement RS is outside active BWP of the UE (This may include most inter-frequency scenarios)
· RTD between cells is larger than CP
· Rx SNR (i.e. the side condition) is below -3dB but above -6dB
· The current UE L3 measurement behaviour is assumed. (This means no need for any TDM-based sharing).


Conclusions
Based on above analysis, we have following proposals.
Proposal 1  In R18, RAN4 captures a new type of L1 measurement in the spec on top of existing measurements, if RAN1/RAN2 agrees to support:
· Existing L3 measurement, while the reporting container is L3 MR.
· Existing Type-1 L1 measurement for beam managements, while the reporting container is UCI.
· New Type-2 L1 measurement for mobility, while the UE measurement behaviour is the same as L3 measurement, and new measurement and reporting mechanism are to be introduced by RAN2/RAN1.
Observation 1  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, which is based on L3 measurements
· UE should decode MIB to obtain SFN, which is normally used in periodicity and offset configuration in physical layer, e.g. in CSI-RS based L1-RSRP measurement configuration and RACH occasion configuration.
Proposal 2  The subset of candidate cells, on which L1-RSRP measurement is performed by UE, is activated by network. RAN4 defines activation delay requirements for activating the L1-RSRP measurement.
Proposal 3  Report of L3 measurement results is necessary for activating the L1-RSRP measurement on that cell. RAN2 can decide on which layer the report of L3 measurement result is sent.
Proposal 4  In L1-RSRP measurement for SSBs of a candidate cell, the candidate cell is considered as known if the following conditions are met in this requirement:
· The UE has sent a report of valid L3 measurement results during the last [5] seconds, and
· The to-be-measured SSB from the candidate cell remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
Proposal 5  In case deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is provided, UE may skip the DL synchronization for obtaining frame/slot/symbol level synchronization and SFN level synchronization.
Proposal 6  RAN4 define R18 L1-RSRP requirements only for the case that only one NSC is supported to be measured by UE in FR2.
Proposal 7  Proposal 7  RAN4 do not introduce any requirements on existing L1 measurements for the case RTD > CP. RAN4 only define RRM requirements for a new type of L1 measurements, if agreed by other WGs, for the case RTD>CP. 
· For the case RTD no larger than CP, not to limit the number of frequency layer for existing L1 measurements.
· For the new type of L1 measurements, the number of frequency layer to measure neighbour cell follows the same requirements as L3 measurements.
For the case RTD no larger than CP, not to limit the number of frequency layer for existing L1 measurements.
· For the new type of L1 measurements, the number of frequency layer to measure neighbour cell follows the same requirements as L3 measurements.
Proposal 8  No RRM requirements are defined if the number of cells configured/activated to perform L1 measurement exceeds UE capability.
Proposal 9  The L1-RSRP measurement requirements for the case that target SSB is not within active BWP can be hold on after the conclusion of BWP operation without restriction.
Proposal 10  Define L1-RSRP measurement requirements for the case that SSB periodicity of FR2 intra-frequency neighbor cell and serving cell equals to SMTC periodicity in R18 LTM.
Proposal 11  For existing L1 measurement, NOT to define inter-frequency L1 measurement requirements. For new Type of L1 measurement if agreed in other WGs, inter-frequency requirements are specified for both the within gap case and outside gap case, and the legacy L3 measurement behaviour is re-used.
Proposal 12  For existing L1 measurements, the side condition for measurement accuracy requirements is -3dB. For new type of L1 measurements if agreed by other WGs, the side condition for measurement accuracy requirements is -6dB.
Proposal 13  RAN4 recommends RAN1/RAN2 to consider classification of L1 measurements into L1 measurements for beam management and L1 measurement for mobility. The detailed signalling and mechanism design is up-to RAN1/RAN2
· For L1 measurement for beam managements, RAN4 will NOT specify RRM requirements for the following cases
· L1 measurement RS is outside active BWP of the UE (This may preclude most of inter-frequency scenarios)
· RTD between cells is larger than CP
· Rx SNR (i.e. the side condition) is below -3dB
· TDM-based sharing between L3 measurement and L1 measurement is needed (This may preclude any sharing that impacts current L3 measurement performance)
· For L1 measurement for mobility, RAN4 will specify RRM requirements for the following cases
· L1 measurement RS is outside active BWP of the UE (This may include most inter-frequency scenarios)
· RTD between cells is larger than CP
· Rx SNR (i.e. the side condition) is below -3dB but above -6dB
· The current UE L3 measurement behaviour is assumed. (This means no need for any TDM-based sharing).
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