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1	Introduction
The rel-18 work on further NR mobility enhancements is described in the WID in [1]. The work item is completed, with the exception of Objective 7 which is targeted to be completed in Q1 2024. Objective 7 is defined as follows:
7. To study and specify how to reuse the IDLE/INACTIVE mode measurement results which are to be reported during and/or after RRC connection setup/resume in order to improve SCell/SCG setup delay [RAN4, RAN2], including:​
· Availability and validation of the IDLE/INACTIVE mode measurement results to be reported [RAN4]; and​
· Definition of corresponding RRM requirements [RAN4]; and​
· If necessary, based on RAN4 outcome, definition of corresponding signaling support [RAN2].​
Note 5: RAN4 will coordinate in due course with RAN2 to start the work.​
Note 6: R4-2220415 serves as baseline for future work in RAN4​
Note 7: With exception of the above scenarios, enhancements on IDLE/INACTIVE mode measurements and on UE behavior in IDLE/INACTIVE mode are not in scope.​

At RAN#102 some clarifications on Objective 7 were agreed: 
WI objective#7, focus on solution based on existing measurement, as below:
1. RAN2 to define time-based measurement result validation configuration based on RAN4 agreements.
1. RAN2 signaling to enable reporting of cell reselection measurement or EMR for fast CA/DC setup.
1. NOTE 1: RAN4 shall not work on any new requirements for this functionality in Rel-18. Only essential corrections are allowed.
1. NOTE 2: If RAN2 is not able to complete the work, the functionality will be removed from Rel-18.
1. NOTE 3: Existing measurement means that no additional measurement is performed during RRC Setup/Resume procedure. 
 

[bookmark: _Ref178064866]2	Discussion
[bookmark: _Hlk131700862][bookmark: _Hlk131700848]2.1	Reporting of cell reselection measurements
The clarification on Objective 7 includes the following:
2. RAN2 signaling to enable reporting of cell reselection measurement or EMR for fast CA/DC setup.

This means that RAN didn’t make any conclusion on whether existing signalling for EMR should be reused or whether new signalling for reporting of cell reselection measurements should be defined. Also, RAN4 did not conclude on this, but indicated that it is up to RAN2 whether to reuse existing EMR signalling or whether to define new configuration:
In RAN4#109, RAN4 further discussed objective of improvement on SCell/SCG setup delay and reached the following agreements, which may have potential impact on RAN2 signaling design.
· RAN4 agreed that Rel-16 EMR and R18 enhancement to SCell/SCG setup delay are independent features. 
· UE needs to know the measurement configuration for R18 enhancement to SCell/SCG setup delay. 
· It is up to RAN2 whether to introduce new measurement configuration or to reuse existing EMR configuration. 

Cell reselection measurements have a different purpose than measurements for CA/DC. The cell reselection measurements target coverage, whereas the CA/DC measurements are for adding frequency resources for capacity. The frequency carrier configured for EMR is a CA/DC target carrier. However, without being configured with EMR or supporting Rel-16 Idle/Inactive CA/DC measurement, the UE has no knowledge of which carrier the network is aiming to set up as additional frequency resources when the UE enters connected mode. Cell reselection measurements may not be done for the carrier which the network intends to use for CA/DC. 
However, the cell reselection measurements are anyhow performed by the UE and it requires small effort to report the measurement results to the network. The measurements may be of value to the network.
[bookmark: _Toc158970026]Cell reselection measurement results may not be relevant to the network, but they can be.
The EMR measurement results contains RSRP and RSRQ reported per carrier or per cell. The UE also measures RSRP and RSRQ as part of cell reselection measurements. The UE could report similar results for cell reselection measurements as for EMR, but the network cannot configure for which frequency the UE should perform the measurements. Instead, the network can only configure the UE that it should report cell reselection results. To keep the complexity down, the configuration and reporting can be aligned with EMR. Therefore, the configuration is proposed to be done both in dedicated signalling, RRCRelease, and in system information, SIB11, as for EMR. The measurement results can be reported in the same ways as for EMR, but using different rel-18 fields so that the network can recognize the difference.
[bookmark: _Toc159242701]The network can configure the UE, in RRCRelease or in SIB11, to report cell reselection measurement results.
[bookmark: _Toc159242702]The UE reports the same type of measurement results as for EMR but using rel-18 fields, for the cells or frequencies which have valid measurement results. 

For EMR the UE can indicate in RRCSetupComplete and RRCResumeComplete that it has measurement results to report. EMR and reporting of cell reselection measurements are separate features, so it is preferred that a separate indication is used for indicating that the UE has cell reselection measurement results available. It is also useful for the network to know whether the measurement performed are cell reselection measurements or EMR measurements.
[bookmark: _Toc159242703]The UE can indicate in RRCSetupComplete and RRCResumeComplete that it has cell reselection measurement results to report.


2.2	Validity of legacy EMR
RAN4 made an agreement in RAN4#108bis that it should be possible to configure a validity timer to the UE. The UE will only report measurement results that are not older than the configured timer value. 
<Agreement>: 
· The measurements are considered valid if both of the following conditions are satisfied
· A) the measurement are performed within the last [X] seconds before it is reported
· X value is network configured. Signalling details are up to RAN2
· FFS on the X value(s) and will be decided by RAN4
· If X is not defined then no requirements will be introduced
· B) the reported measurement results satisfy measurement accuracy [at the measurement instance]
· FFS on side conditions

In RAN3#109 a further agreement was made regarding the values of the timer. This is visible in the LS to RAN2, [2]:
· The measurements results are considered as valid if both of the following conditions are satisfied: 
· If accuracy requirements are met, the measurement results are valid for IDLE/INACTIVE measurements within the last X seconds before msg1 transmission for RRC resume/setup request.
· X value is network configured. If network doesn’t provide configuration of X, UE is not required to perform validity check. 
· Candidate values for X: 5s, 10s, 20s, 50s, 100s.
· The reported measurement results satisfy measurement accuracy at the measurement instance.

The simplest solution is to add the configuration of the validity timer for EMR as part of the EMR configuration in MeasIdleConfig according to the agreement in RAN4. A TP for this is shown in the Annex.
[bookmark: _Toc159242704]Add configuration of the validity timer according to RAN4 agreement in MeasIdleConfig.

A validity timer should also be configured related to reporting of cell reselection measurement results. As EMR and reporting of cell reselection measurement results are considered as different features, the validity timer for cell reselection measurements can be separated from the timer for EMR. The network then has the possibility to configure different validity timers for EMR and for reporting of cell reselection measurement.
[bookmark: _Toc159242705]A separate validity timer is added for reporting of cell reselection measurements. The same timer values as for EMR can be used.

2.3	New UE capability
According to the proposal above, Rel-18 can be built upon Rel-16 and only a minor update to the signalling would be needed to add the validity timer. Since not all UEs will support the configuration of the timer, a new capability would be needed for the network so that it knows whether the UE can be configured with the timer.
[bookmark: _Toc159242706]A new UE capability with per-UE signalling is defined for the support of validity timer for EMR measurements. 
3	Conclusion
In the previous sections the following observations were made: 
Observation 1	Cell reselection measurement results may not be relevant to the network, but they can be.

Based on the discussion in the previous sections the following is proposed:
Proposal 1	The network can configure the UE, in RRCRelease or in SIB11, to report cell reselection measurement results.
Proposal 2	The UE reports the same type of measurement results as for EMR but using rel-18 fields, for the cells or frequencies which have valid measurement results.
Proposal 3	The UE can indicate in RRCSetupComplete and RRCResumeComplete that it has cell reselection measurement results to report.
Proposal 4	Add configuration of the validity timer according to RAN4 agreement in MeasIdleConfig.
Proposal 5	A separate validity timer is added for reporting of cell reselection measurements. The same timer values as for EMR can be used.
Proposal 6	A new UE capability with per-UE signalling is defined for the support of validity timer for EMR measurements.

[bookmark: _In-sequence_SDU_delivery]4	References
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[bookmark: _Toc60776987][bookmark: _Toc131064653][bookmark: _Toc60776835][bookmark: _Toc131064493]5.7.8.2a	Performing measurements
When performing measurements on NR carriers according to this clause, the UE shall derive the cell quality as specified in 5.5.3.3 and consider the beam quality to be the value of the measurement results of the concerned beam, where each result is averaged as described in TS 38.215 [9].
While in RRC_IDLE or RRC_INACTIVE, and T331 is running and SDT procedure is not ongoing, the UE shall:
1>	perform the measurements in accordance with the following:
2>	if the VarMeasIdleConfig includes the measIdleCarrierListEUTRA and the SIB1 contains idleModeMeasurementsEUTRA:
3>	for each entry in measIdleCarrierListEUTRA within VarMeasIdleConfig:
4>	if UE supports NE-DC between the serving carrier and the carrier frequency indicated by carrierFreqEUTRA within the corresponding entry:
5>	perform measurements in the carrier frequency and bandwidth indicated by carrierFreqEUTRA and allowedMeasBandwidth within the corresponding entry;
5>	if the reportQuantitiesEUTRA is set to rsrq:
6>	consider RSRQ as the sorting quantity;
5>	else:
6>	consider RSRP as the sorting quantity;
5>	if the measCellListEUTRA is included:
6>	consider cells identified by each entry within the measCellListEUTRA to be applicable for idle/inactive mode measurement reporting;
5>	else:
6>	consider up to maxCellMeasIdle strongest identified cells, according to the sorting quantity, to be applicable for idle/inactive measurement reporting;
5>	for all cells applicable for idle/inactive measurement reporting, derive measurement results for the measurement quantities indicated by reportQuantitiesEUTRA;
5>	store the derived measurement results as indicated by reportQuantitiesEUTRA within the measReportIdleEUTRA in VarMeasIdleReport in decreasing order of the sorting quantity, i.e. the best cell is included first, as follows:
6>	if qualityThresholdEUTRA is configured:
7>	include the measurement results from the cells applicable for idle/inactive measurement reporting whose RSRP/RSRQ measurement results are above the value(s) provided in qualityThresholdEUTRA;
6>	else:
7>	include the measurement results from all cells applicable for idle/inactive measurement reporting;
2>	if the VarMeasIdleConfig includes the measIdleCarrierListNR and the SIB1 contains idleModeMeasurementsNR:
3>	for each entry in measIdleCarrierListNR within VarMeasIdleConfig that contains ssb-MeasConfig:
4>	if UE supports carrier aggregation or NR-DC between serving carrier and the carrier frequency and subcarrier spacing indicated by carrierFreq and ssbSubCarrierSpacing within the corresponding entry:
5>	perform measurements in the carrier frequency and subcarrier spacing indicated by carrierFreq and ssbSubCarrierSpacing within the corresponding entry;
5>	if the reportQuantities is set to rsrq:
6>	consider RSRQ as the cell sorting quantity;
5>	else:
6>	consider RSRP as the cell sorting quantity;
5>	if the measCellListNR is included:
6>	consider cells identified by each entry within the measCellListNR to be applicable for idle/inactive measurement reporting;
5>	else:
6>	consider up to maxCellMeasIdle strongest identified cells, according to the sorting quantity, to be applicable for idle/inactive measurement reporting;
5>	for all cells applicable for idle/inactive measurement reporting, derive cell measurement results for the measurement quantities indicated by reportQuantities;
5>	store the derived cell measurement results as indicated by reportQuantities for cells applicable for idle/inactive measurement reporting within measResultsPerCarrierListIdleNR in the measReportIdleNR in VarMeasIdleReport in decreasing order of the cell sorting quantity, i.e. the best cell is included first, as follows:
6>	if qualityThreshold is configured:
7>	include the measurement results from the cells applicable for idle/inactive measurement reporting whose RSRP/RSRQ measurement results are above the value(s) provided in qualityThreshold;
6>	else:
7>	include the measurement results from all cells applicable for idle/inactive measurement reporting;
6> if validityTimerMeasIdle is configured:
7> include the measurement results which are not older than the configured timer value;
5>	if beamMeasConfigIdle is included in the associated entry in measIdleCarrierListNR and if UE supports idleInactiveNR-MeasBeamReport for the FR of the carrier frequency indicated by carrierFreq within the associated entry, for each cell in the measurement results:
6>	derive beam measurements based on SS/PBCH block for each measurement quantity indicated in reportQuantityRS-Indexes, as described in TS 38.215 [9];
6>	if the reportQuantityRS-Indexes is set to rsrq:
7>	consider RSRQ as the beam sorting quantity;
6>	else:
7>	consider RSRP as the beam sorting quantity;
6>	set resultsSSB-Indexes to include up to maxNrofRS-IndexesToReport SS/PBCH block indexes in order of decreasing beam sorting quantity as follows:
7>	include the index associated to the best beam for the sorting quantity and if absThreshSS-BlocksConsolidation is included, the remaining beams whose sorting quantity is above absThreshSS-BlocksConsolidation;
6>	if the includeBeamMeasurements is set to true:
7>	include the beam measurement results as indicated by reportQuantityRS-Indexes;
2>	if, as a result of the procedure in this clause, the UE performs measurements in one or more carrier frequency indicated by measIdleCarrierListNR or measIdleCarrierListEUTRA:
3>	store the cell measurement results for RSRP and RSRQ for the serving cell within measResultServingCell in the measReportIdleNR in VarMeasIdleReport.
3>	if the VarMeasIdleConfig includes the measIdleCarrierListNR and it contains an entry with carrierFreq set to the value of the serving frequency:
4>	if beamMeasConfigIdle is included in that entry, and if the UE supports idleInactiveNR- MeasBeamReport for the FR of the serving cell:
5>	derive beam measurements based on SS/PBCH block for each measurement quantity indicated in reportQuantityRS-Indexes, as described in TS 38.215 [9];
5>	if the reportQuantityRS-Indexes is set to rsrq:
6>	consider RSRQ as the beam sorting quantity;
5>	else:
6>	consider RSRP as the beam sorting quantity;
5>	set resultsSSB-Indexes to include up to maxNrofRS-IndexesToReport SS/PBCH block indexes in order of decreasing beam sorting quantity as follows:
6>	include the index associated to the best beam for the sorting quantity and if absThreshSS-BlocksConsolidation is included in SIB2 of serving cell, the remaining beams whose sorting quantity is above absThreshSS-BlocksConsolidation;
5>	if the includeBeamMeasurements is set to true:
6>	include the beam measurement results as indicated by reportQuantityRS-Indexes;
NOTE 1:	How the UE performs idle/inactive measurements is up to UE implementation as long as the requirements in TS 38.133 [14] are met for measurement reporting.
NOTE 2:	The UE is not required to perform idle/inactive measurements on a given carrier if the SSB configuration of that carrier provided via dedicated signaling is different from the SSB configuration broadcasted in the serving cell, if any.
NOTE 3:	How the UE prioritizes which frequencies to measure or report (in case it is configured with more frequencies than it can measure or report) is left to UE implementation.
NOTE 4:	When idleModeMeasVoiceFallback is included in SIB5, UE may decide to measure and report idle/inactive measurements for EUTRA carrier frequencies included in SIB5 even if it does not support NE-DC between the serving carrier and the EUTRA carrier frequencies.
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[bookmark: _Toc60777158][bookmark: _Toc131064883][bookmark: _Hlk54206873][bookmark: _Toc60777271][bookmark: _Toc131065013]6.3.2	Radio resource control information elements
[bookmark: _Toc156130427][bookmark: _Toc60777256][bookmark: _Toc131064997]–	MeasIdleConfig
The IE MeasIdleConfig is used to convey information to UE about measurements requested to be done while in RRC_IDLE or RRC_INACTIVE.
MeasIdleConfig information element
-- ASN1START
-- TAG-MEASIDLECONFIG-START

MeasIdleConfigSIB-r16 ::= SEQUENCE {
    measIdleCarrierListNR-r16       SEQUENCE (SIZE (1..maxFreqIdle-r16)) OF MeasIdleCarrierNR-r16          OPTIONAL,     -- Need S
    measIdleCarrierListEUTRA-r16    SEQUENCE (SIZE (1..maxFreqIdle-r16)) OF MeasIdleCarrierEUTRA-r16       OPTIONAL,     -- Need S
    ...
}

MeasIdleConfigDedicated-r16 ::= SEQUENCE {
    measIdleCarrierListNR-r16       SEQUENCE (SIZE (1..maxFreqIdle-r16)) OF MeasIdleCarrierNR-r16          OPTIONAL,     -- Need N
    measIdleCarrierListEUTRA-r16    SEQUENCE (SIZE (1..maxFreqIdle-r16)) OF MeasIdleCarrierEUTRA-r16       OPTIONAL,     -- Need N
    measIdleDuration-r16            ENUMERATED{sec10, sec30, sec60, sec120, sec180, sec240, sec300, spare},
    validityAreaList-r16            ValidityAreaList-r16                                                   OPTIONAL,     -- Need N
    ...
}

ValidityAreaList-r16 ::= SEQUENCE (SIZE (1..maxFreqIdle-r16)) OF ValidityArea-r16

ValidityArea-r16 ::=             SEQUENCE {
    carrierFreq-r16                  ARFCN-ValueNR,
    validityCellList-r16             ValidityCellList                                                     OPTIONAL   -- Need N
}

ValidityCellList ::= SEQUENCE (SIZE (1.. maxCellMeasIdle-r16)) OF PCI-Range

MeasIdleCarrierNR-r16 ::=        SEQUENCE {
    carrierFreq-r16                  ARFCN-ValueNR,
    ssbSubcarrierSpacing-r16         SubcarrierSpacing,
    frequencyBandList                MultiFrequencyBandListNR                                             OPTIONAL,  -- Need R
    measCellListNR-r16               CellListNR-r16                                                       OPTIONAL,  -- Need R
    reportQuantities-r16             ENUMERATED {rsrp, rsrq, both},
    qualityThreshold-r16             SEQUENCE {
        idleRSRP-Threshold-NR-r16        RSRP-Range                                                           OPTIONAL,  -- Need R
        idleRSRQ-Threshold-NR-r16        RSRQ-Range                                                           OPTIONAL   -- Need R
    }                                                                                                     OPTIONAL,  -- Need R
    ssb-MeasConfig-r16               SEQUENCE {
        nrofSS-BlocksToAverage-r16          INTEGER (2..maxNrofSS-BlocksToAverage)                            OPTIONAL,   -- Need S
        absThreshSS-BlocksConsolidation-r16 ThresholdNR                                                       OPTIONAL,   -- Need S
        smtc-r16                            SSB-MTC                                                           OPTIONAL,   -- Need S
        ssb-ToMeasure-r16                   SSB-ToMeasure                                                     OPTIONAL,   -- Need S
        deriveSSB-IndexFromCell-r16         BOOLEAN,
        ss-RSSI-Measurement-r16             SS-RSSI-Measurement                                               OPTIONAL    -- Need S
    }                                                                                                     OPTIONAL,  -- Need S
    beamMeasConfigIdle-r16           BeamMeasConfigIdle-NR-r16                                            OPTIONAL,  -- Need R
    ...,
    [[
    validityTimerMeasIdle-r18				ENUMERATED {sec5, sec10, sec20, sec50, sec100, spare3, spare2, spare1}   OPTIONAL  -- Need R
    ]]
}

MeasIdleCarrierEUTRA-r16 ::=     SEQUENCE {
    carrierFreqEUTRA-r16             ARFCN-ValueEUTRA,
    allowedMeasBandwidth-r16         EUTRA-AllowedMeasBandwidth,
    measCellListEUTRA-r16            CellListEUTRA-r16                                                    OPTIONAL,  -- Need R
    reportQuantitiesEUTRA-r16        ENUMERATED {rsrp, rsrq, both},
    qualityThresholdEUTRA-r16        SEQUENCE {
        idleRSRP-Threshold-EUTRA-r16     RSRP-RangeEUTRA                                                      OPTIONAL,  -- Need R
        idleRSRQ-Threshold-EUTRA-r16     RSRQ-RangeEUTRA-r16                                                  OPTIONAL   -- Need R
    }                                                                                                     OPTIONAL,  -- Need S
    ...
}

CellListNR-r16  ::=       SEQUENCE (SIZE (1..maxCellMeasIdle-r16)) OF PCI-Range

CellListEUTRA-r16  ::=    SEQUENCE (SIZE (1..maxCellMeasIdle-r16)) OF EUTRA-PhysCellIdRange

BeamMeasConfigIdle-NR-r16  ::=   SEQUENCE {
    reportQuantityRS-Indexes-r16     ENUMERATED {rsrp, rsrq, both},
    maxNrofRS-IndexesToReport-r16    INTEGER (1.. maxNrofIndexesToReport),
    includeBeamMeasurements-r16      BOOLEAN
}

RSRQ-RangeEUTRA-r16 ::=   INTEGER (-30..46)

-- TAG-MEASIDLECONFIG-STOP
-- ASN1STOP

	MeasIdleConfig field descriptions

	absThreshSS-BlocksConsolidation
Threshold for consolidation of L1 measurements per RS index.

	beamMeasConfigIdle
Indicates the beam level measurement configuration.

	carrierFreq
Indicates the NR carrier frequency to be used for measurements during RRC_IDLE or RRC_INACTIVE.

	carrierFreqEUTRA
Indicates the E-UTRA carrier frequency to be used for measurements during RRC_IDLE or RRC_INACTIVE.

	deriveSSB-IndexFromCell
This field indicates whether the UE may use the timing of any detected cell on that frequency to derive the SSB index of all neighbour cells on that frequency. If this field is set to true, the UE assumes SFN and frame boundary alignment across cells on the neighbor frequency as specified in TS 38.133 [14].

	frequencyBandList
Indicates the list of frequency bands for which the NR idle/inactive measurement parameters apply. The UE shall select the first listed band which it supports in the frequencyBandList field to represent the NR neighbour carrier frequency.

	includeBeamMeasurements
Indicates whether or not the UE shall include beam measurements in the NR idle/inactive measurement results.

	maxNrofRS-IndexesToReport
Max number of beam indices to include in the idle/inactive measurement result.

	measCellListEUTRA
Indicates the list of E-UTRA cells which the UE is requested to measure and report for idle/inactive measurements.

	measCellListNR
Indicates the list of NR cells which the UE is requested to measure and report for idle/inactive measurements.

	measIdleCarrierListEUTRA
Indicates the E-UTRA carriers to be measured during RRC_IDLE or RRC_INACTIVE.

	measIdleCarrierListNR
Indicates the NR carriers to be measured during RRC_IDLE or RRC_INACTIVE.

	measIdleDuration
Indicates the duration for performing idle/inactive measurements while in RRC_IDLE or RRC_INACTIVE. Value sec10 correspond to 10 seconds, value sec30 to 30 seconds and so on.

	nrofSS-BlocksToAverage
Number of SS blocks to average for cell measurement derivation.

	qualityThreshold
Indicates the quality thresholds for reporting the measured cells for idle/inactive NR measurements.

	qualityThresholdEUTRA
Indicates the quality thresholds for reporting the measured cells for idle/inactive E-UTRA measurements.

	reportQuantities
Indicates which measurement quantities UE is requested to report in the idle/inactive measurement report. 

	reportQuantitiesEUTRA
Indicates which E-UTRA measurement quantities the UE is requested to report in the idle/inactive measurement report.

	reportQuantityRS-Indexes
Indicates which measurement information per beam index the UE shall include in the NR idle/inactive measurement results.

	smtc
Indicates the measurement timing configuration for inter-frequency measurement. If this field is absent in VarMeasIdleConfig, the UE assumes that SSB periodicity is 5 ms in this frequency.

	ssbSubcarrierSpacing
Indicates 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

	ssb-ToMeasure
The set of SS blocks to be measured within the SMTC measurement duration (see TS 38.215 [9]). When the field is absent in VarMeasIdleConfig, the UE measures on all SS-blocks.

	ss-RSSI-Measurement
Indicates the SSB-based RSSI measurement configuration. If the field is absent in VarMeasIdleConfig, the UE behaviour is defined in TS 38.215 [89], clause 5.1.3.

	validityAreaList
Indicates the list of frequencies and optionally, for each frequency, a list of cells within which the UE is required to perform measurements while in RRC_IDLE and RRC_INACTIVE. 

	validityTimerMeasIdle
Indicates the value of the validity timer for idle/inactive measurements. The UE reports idle/inactive measurement results that are not older than the timer value indicates. Value sec5 corresponds to 5 seconds, value sec10 to 10 seconds, and so on.
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