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1 Introduction
In last meeting, the WID is updated for NR Mobility Enhancement WI[1]. 

	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 signalling 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.




We will provide our view regarding these issues.
2 Discussion
2.1 Scope of study regarding CA/DC
	Issue 1-3: Scope of the study regarding CA/DC

· <Wayforward>: companies are encouraged to further discuss the following issues
· Issue 1-3-1: whether target cell in FR1 needs to be considered
· Issue 1-3-2: whether intra-band CA/DC is one of the target scenarios



In Rel-16, Early measurement enable UE to perform measurement in idle mode and report measurement results when entering connected mode to help setup CA/DC faster. NW can add SCell or PScell earlier. Therefore, configuration latency of CA/DC can be reduced, which can apply for both FR1 and FR2 CA/DC, and intra-band/inter-band CA. Besides, when SCell is activated directly in SCell addition, FR1 can further benefit from the known condition to reduce SCell activation delay.

Proposal 1: For faster setup of CA/DC, both FR1 and FR2, intra-band or inter-band CA/DC are target scenarios. 

2.2 Availability of measurement result


UE will perform measurement in idle/inactive mode and report the measurement result when entering connected mode, the measurements report includes 2 steps:

1. Report availability of measurement results
· UE indicate the idleMeasAvailable via RRCSetupComplete(idle) or RRCResumeComplete(Inactive).
2. Report measurement results
· For idle mode, the network could request the idle mode measurement results via UEInformationRequest, then UE reports the measurements via UEInformationResponse.
· For inactive mode, NW can also request the UE to provide measurement results via RRCResume. UE then reports available measurement results via RRCResumeComplete.

The definition of availability is:
	idleMeasAvailable
Indication that the UE has idle/inactive measurement report available.



Here, the availability means UE has performed measurement for configured carriers/cells different from PCell and stored the results in measResultIdleNR for VarMeasIdleReport. Beside, if qualityThreshold is configured in VarMeasIdleConfig, UE can only report the measurement results from the cells whose RSRP/RSRQ measurement results are above the value(s) provided in qualityThreshold. It means that if the RSRP/RSRQ of cells are lower than the threshold, idleMeasAvailable will be set to false.

Proposal 2: Availability means that UE has stored idle/inactive measurement results concerning cells other than the PCell in VarMeasIdleReport. 

However, when UE is requested to report the measurement result, UE will not check whether the measurement results is valid or not.  There are several reasons that the results are invalid
· Results are performed long time ago
· UE performs cell re-selection. 
If the invalid results are reported to NW, the CA setup may be not correct. Therefore, the validity of measurement results needs to be studied.
2.3 Validity of measurement result
As we know, EMR measurement may involve many carriers/cells and some of them are overlapped with carriers/cells for cell re-selection. The measurement ending points for these carrier/cell may be different. 
· EMR-only Carrier/cells: 
· Measurement stop after T331 expires.
· Overlapped Carrier/cells configured for both EMR and cell re-selection: 
· Measurement will continue after T331 expires.
When UE entering connected mode, UE can report the latest measurement for these overlapped Carrier/cells and these results can be assumed to be valid.
Observation 1: For overlapped carriers/cells which are also configured for cell re-selection, measurement will continue after T331 expires. Latest results for these carrier/cells can be updated in report and assumed to be valid. 
However, it may relate to UE implementation whether update partial results for some carriers/cells. There is no requirement for UE implementation after T331 expires.
Proposal 3: RAN4 to discuss whether measurement result validity will be defined for EMR-only Carrier/cells or all Carriers.
Next, we will discuss the validity condition. There are two possible ways:
1. Time duration: Measurement is performed within [X]s before reporting
2. RSRP/RSRQ variation: RSRP/RSRQ variation is smaller than a threshold

Validity time for Result

It’s straightforward to define a valid time duration for the results, i.e. if the measurement is performed within [x]s before reporting. However, there are several issues.
First, it’s hard to determine the exact time length. If X is small, e.g. just a few seconds, the results may be useless in most cases. It can’t guarantee that UE will enter connected mode soon. Then the CA setup latency can’t be reduced. However, if it’s large, it’s hard to guarantee the results are reliable.
Second, if following legacy method where measurement interval is used for valid time duration, X may not be fixed value. For measurement in idle mode, measurement interval is depending on the serving cell quality and SnonIntraSearchP.
· if SnonIntraSearchx thresholds are configured and Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ the UE shall be able to perform SS-RSRP and/or SS-RSRQ measurements on carrier configured for idle mode DC/CA measurements according to table 4.2.2.4-1 in 38.133. if assuming one inter-frequency carrier, the measurement interval varies from 6.4s to 19.6s. 
· If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ the UE shall search for inter-frequency layers configured for idle mode CA/DC measurements at least every Thigher_priority_search where Thigher_priority_search is (60 * Nlayers) seconds. If only consider one layer, Thigher_priority_search is 60s.
When UE is at cell center, the measurement is less frequently compared with the case when UE is at cell edge.
Third, it’s hard to define a unified valid time [X] for the whole measurement result since the measurement ending points for EMR-only and overlapped carriers may be different.
Observation 2: When defining in a valid time based on [X]s, some issues need to be considered:
1. It’s hard to determine the exact time length of [x]. If X is small, the results may be invalid in most cases. However, if it’s large, it’s hard to guarantee the results are reliable.
2. [X] may not be a fixed value if it’s determined by measurement interval. Measurement interval in idle mode depend on the serving cell quality. When UE moves, the interval will change.
3. It’s hard to define a unified valid time [X] for the whole measurement result since the measurement ending points for EMR-only and overlapped carriers may be different.
Validity based on RSRP/RSRQ variation
For validity of measurement results, the key point is that the measurement result, e.g. RSRP/RSRQ will not change a lot. If the RSRP/RSRQ degrades a lot but UE still reported it to NW in the next RRC connection, it will mislead NW to provide wrong CA/DC configuration because the result is unreliable. Therefore, valid condition based on RSRP/RSRQ variation is one possible solution. 
Observation 3: For validity of measurement results, the key point is that whether quality of measurement carriers/cells vary a lot in terms of RSRP/RSRQ when reported.
We also notice that serving cell RSRP/RSRQ will also be stored in the measurement result for report. As defined in 38.331:

	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:
………
2>	if the VarMeasIdleConfig includes the measIdleCarrierListNR and the SIB1 contains idleModeMeasurementsNR:
…….
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:
……



The related IE is as below:
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Observation 4: Serving cell RSRP/RSRQ will also be stored in measurement results for idle/inactive measurement report.

Since serving cell will continue to be measured after T331 expires, when UE is entering connected mode, UE can compare the latest measured RSRP with stored RSRP for serving cell. If RSRP delta is smaller than a threshold, it means that UE is relatively in stationary. 
Observation 5: RSRP/RSRQ variation of serving cell can be used to check the UE mobility status. If variation value is smaller than a threshold, it means that UE is relatively in stationary and RSRP/RSRQ stored for other carrier/cells can still be re-used.

Intra-band CA

For intra-band CA, cells are assumed to be co-located with serving cell. Therefore, RSRP/RSRQ variation of serving cell can also be used to for cells that is in the same band with serving cell as well. The RSRP/RSRQ variation will be similar.
Proposal 4:  RSRP/RSRQ variation of severing cell can be used to check the validity of stored measurement result for carrier/cells in intra-band CA since they are co-located.

Inter-band CA
For inter-band CA, cells may not be co-located with serving cell. however, the RSRP variation of serving cell can still provide movement information. If signal from one serving cell varied a lot, it’s most likely that the signal from another TRP will change either.
Besides, some EMR-only carrier may be in the same band with the cells which are configured for cell reselection. Therefore, for those cells, they are co-located. Those carriers configured for cell reselection can also help to compare RSRP/RSRQ variation.

Proposal 5: RSRP/RSRQ variation of severing cell or cells configured for cell re-selection can be used to check the validity of stored measurement result for carrier/cells in inter-band CA.

2.4 NW or UE to check Validity 
There are two methods for the validity check for measurement results.
· NW check the validity
· UE check the validity
If NW check the validity, UE will need to report the stored idle result and the latest measurement for serving cell to NW. Then NW to judge whether the results are valid or not. Then a new filed related to latest RSRP/RSRQ of serving cell or carrier/cell configured for cell reselection needs to be added in VarMeasIdleReport as well.  It’s possible that latest result for overlapped Carreir/cells configured for cell-reselection is included either.
Observation 6: if NW check the validity, a new filed related to latest RSRP/RSRQ of serving cell or carrier/cell configured for cell reselection needs to be added in VarMeasIdleReport. Then NW to judge whether the results are valid or not.
If UW check the validity, RAN4 needs to discuss the detailed threshold of RSRP/RSRQ variation and whether it’s configurable or pre-defined value.
Observation 7: If UW check the validity, RAN4 needs to discuss the detailed threshold of RSRP/RSRQ variation and whether it’s configurable or pre-defined value.
Proposal 6: RAN4 to further discuss whether NW or UE check the validity of measurement results.
2.5 How to report validity
Besides, UE needs to inform NW if the results is invalid. 
If NW check the validity, UE will still report the measurement results of both serving cell and configured Carrier/cells in idle mode. No specific validity signaling is needed.
If UE check the validity, there are two options for the report:
1. No new signaling indication. Re-use idleMeasAvailable by considering the RSRP variation. If RSRP variation is larger than threshold defined in RAN4, set the filed for idleMeasAvailable to “False”.
2. Add new signaling for “validity”.
Proposal 7: RAN4 to further discuss whether to add new signaling for “validity” or re-use idleMeasAvailable.
2.6 Cell re-selection
When cell re-selection happens, since UE moved to new location, the RSRP measured for previous carrier/cells may varied a lot. It can’t guarantee that the stored values are reliable any more. Furthermore, UE may not support the band combination of carrier frequency between new serving cell and previous measured cell as well. 
Therefore, when cell re-selection happens, the measurement results are invalid.

Proposal 8: Measurement results are invalid when UE performs cell re-selection. 

2.7 For UE not support EMR

If UE didn’t support EMR feature, it’s possible that UE has some measurement results for carrier/cell configured for cell re-selection and UE can report these measurements for CA/DC setup.

Proposal 9: If UE didn’t support EMR feature, UE can report measurement results for carrier/cell configured for cell re-selection for CA/DC setup.
3 Conclusion
In this contribution, we provide our views:
Proposal 1: For faster setup of CA/DC, both FR1 and FR2, intra-band or inter-band CA/DC are target scenarios. 
Proposal 2: Availability means that UE has stored idle/inactive measurement results concerning cells other than the PCell in VarMeasIdleReport. 
Observation 1: For overlapped carriers/cells which are also configured for cell re-selection, measurement will continue after T331 expires. Latest results for these carrier/cells can be updated in report and assumed to be valid. 
Proposal 3: RAN4 to discuss whether measurement result validity will be defined for EMR-only Carrier/cells or all Carriers.
Observation 2: When defining in a valid time based on [X]s, some issues need to be considered:
1. It’s hard to determine the exact time length of [x]. If X is small, the results may be invalid in most cases. However, if it’s large, it’s hard to guarantee the results are reliable.
2. [X] may not be a fixed value if it’s determined by measurement interval. Measurement interval in idle mode depend on the serving cell quality. When UE moves, the interval will change.
3. It’s hard to define a unified valid time [X] for the whole measurement result since the measurement ending points for EMR-only and overlapped carriers may be different.
Observation 3: For validity of measurement results, the key point is that whether quality of measurement carriers/cells vary a lot in terms of RSRP/RSRQ when reported.
Observation 4: Serving cell RSRP/RSRQ will also be stored in measurement results for idle/inactive measurement report.
Observation 5: RSRP/RSRQ variation of serving cell can be used to check the UE mobility status. If variation value is smaller than a threshold, it means that UE is relatively in stationary and RSRP/RSRQ stored for other carrier/cells can still be re-used.
Proposal 4:  RSRP/RSRQ variation of severing cell can be used to check the validity of stored measurement result for carrier/cells in intra-band CA since they are co-located.
Proposal 5: RSRP/RSRQ variation of severing cell or cells configured for cell re-selection can be used to check the validity of stored measurement result for carrier/cells in inter-band CA.
Observation 6: if NW check the validity, a new filed related to latest RSRP/RSRQ of serving cell or carrier/cell configured for cell reselection needs to be added in VarMeasIdleReport. Then NW to judge whether the results are valid or not.
Observation 7: If UW check the validity, RAN4 needs to discuss the detailed threshold of RSRP/RSRQ variation and whether it’s configurable or pre-defined value.
Proposal 6: RAN4 to further discuss whether NW or UE check the validity of measurement results.
Proposal 7: RAN4 to further discuss whether to add new signaling for “validity” or re-use idleMeasAvailable.
Proposal 8: Measurement results are invalid when UE performs cell re-selection. 
Proposal 9: If UE didn’t support EMR feature, UE can report measurement results for carrier/cell configured for cell re-selection for CA/DC setup.
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- MeasResultldleNR
The IE MeasResultldleNR covers the NR measurement results performed in RRC_IDLE and RRC_INACTIVE.

MeasResultidleNR information element

MeasResultIdleNR-rl6 SEQUENCE {
measResultServingCell-rl6 SEQUENCE {

rsrp-Result-rl6 RSRP-Range OPTIONAL,
rsrg-Result-rl6 RSRQ-Range OPTIONAL,
resultsSSB-Indexes-rl6 ResultsPerSSB-IndexList-rl6 OPTIONAL

1

measResultsPerCarrierListIdleNR-rl6 SEQUENCE (SIZE (1.. maxFreqIdle-rl6)) OF MeasResultsPerCarrierIdleNR-rlé OPTIONAL,

}

MeasResultsPerCarrierIdleNR-rl6 : SEQUENCE {
carrierFreq-rl6 ARFCN-ValueNR,
measResultsPerCellListIdleNR-rl6 SEQUENCE (SIZE (1..maxCellMeasIdle-rl6)) OF MeasResultsPerCellIdleNR-rl6,
}
MeasResultsPerCellIdleNR-rl6 SEQUENCE {
physCellId-rl6 PhysCellId,
measIdleResultNR-rl6 SEQUENCE {
rsrp-Result-rl6 RSRP-Range OPTIONAL,
rsrq-Result-rl6 RSRQ-Range OPTIONAL,
resultsSSB-Indexes-r16 ResultsPerSSB-IndexList-r16 OPTIONAL

b

}

ResultsPerSSB-IndexList-rlé

SEQUENCE (SIZE (1.. maxNrofIndexesToReport)) OF ResultsPerSSB-IndexIdle-rlé




