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Introduction
Fast SCell/SCG setup is one of the objectives of Rel-18 Mobility [1].The main mechanism is to reuse the IDLE/INACTIVE mode measurement results which are to be reported during and/or after RRC connection setup/resume, and then for a fast CA or DC preparation and configuration for the UE:
 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:
o	Availability and validation of the IDLE/INACTIVE mode measurement results to be reported [RAN4]; and
o	Definition of corresponding RRM requirements [RAN4]; and
o	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.
This work on the objective is leaded by RAN4 and it has been discussed for several meetings, and the LS[2] on improvement on FR2 SCell/SCG setup delay which includes the related RAN4 agreements is received. 
It is noticed that, according to RAN4 agreements, UE does not report the measurement results in case it is invalid in Rel-18:
	RAN4 #107: R4-2310064
· Agreements:
In new reporting in R18, UE does not report the invalid results to NW.


With reporting only valid results, UE can be configured with or without CA/DC properly. However, as for the invalid results, the measurements have been performed although the results are not reported, which still consumes UE’s power. Therefore, it’s beneficial to make some rules to avoid the invalid idle/inactive measurement.
Besides, RAN4 is also discussing the way to reduce the number of EMR carriers to be measured:
	RAN4 #106-bis-e: R4-2306396
<Agreement>:
· Solution based on existing measurement and solution based on enhanced measurement are not mutual exclusive. The two solutions are be discussed in parallel.
RAN4 #104-e   R4-2214348 
<Agreement>:
· Reduce the number of EMR carriers to be measured for improved measurement. 
· FFS: how to select the frequency layers for improved measurement, how many frequency layers to measure and which scenario that is applicable.


Based on the objective of the Mobility WID and RAN4’s progress, we will discuss how to achieve a fast SCell/SCG setup in this contribution.
[bookmark: _Hlk110416859]Discussion
Idle and Inactive UE measurements for cell reselection
In TS 38.304 [3], measurement rules are specified for inter-frequencies and inter-RAT frequencies:
		The UE shall apply the following rules for NR inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
-	For a NR inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current NR frequency, the UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8].
-	For a NR inter-frequency with an equal or lower reselection priority than the reselection priority of the current NR frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current NR frequency:
-	If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ:
-	If distanceThresh and referenceLocation are broadcasted in SIB19, and if UE supports location-based measurement initiation and has obtained its UE location information:
-	If the distance between UE and the serving cell reference location referenceLocation is shorter than distanceThresh, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;
-	Else, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133 [8];
-	Else, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;
-	Else, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133 [8].



[bookmark: _Hlk146095911]Observation 1: Whether the UE performs inter-frequency or inter-RAT frequency measurements mainly based on the following factors: reselection priority, serving cell’s RX level and quality, and UE’s distance between the serving cell (for NTN case).
Early measurement reporting
In Rel-16, EMR (early measurement reporting) was introduced to reduce the delay for DC/CA preparation and configuration. The UE may store and perform the measurement when it is in RRC_IDLE/RRC_INACTIVE state, if it has an idle/inactive measurement configuration [4]. The duration for performing idle/inactive measurements while in RRC_IDLE or RRC_INACTIVE is indicated by the IE measIdleDuration. Once UE receives RRCRelease message with measIdleDuration, it starts the corresponding timer T331 and starts to measure the related frequencies based on the network configuration. And UE can indicate the gNB the availability of the corresponding measurement results in the RRCSetupComplete message and reports them when requested by the network [300].
Observation 2: UE performs idle/inactive measurements on the NR or EUTRA frequency without considering the factors taken into account for inter-frequency or inter-RAT frequency measurements, for example, serving cell’s RX level and quality.
Observation 3: UE will not report the idle/inactive measurement results until switching to RRC_CONNECTED stated and requested by the network, which may cause the invalidity of the measurement results.
How to resolve the invalidity of the measurement results due to out-of-date has been discussed in Rel-16 RAN2, but there’s no consensus on the solution. Besides the invalidity due to out-of-date, we notice there’s another invalidity which is not helpful for the CA/DC configuration. In the following contribution, we discuss this kind of invalid measurement and the potential way to solve it.
Typical network deployment scenarios for CA/DC
One network deployment scenario in the commercial network is that several frequencies are co-location deployed as depicted in Figure 1, and the coverage of different frequency is different. It’s a typical scenario for CA deployment.


Figure 1 Co-location deployment for CA
Figure 2 shows the possible deployment scenario for DC, in which Frequency 1 is for coverage, while Frequency 2 is used for throughput or capacity improvement.


Figure 2 DC deployment
It should be noticed that, no matter which scenario, the deployment information such as the co-located frequencies, or the frequencies can be configured as DC, is only known by the network.
Observation 4: The deployment information such as the co-located frequencies, or the frequencies can be configured as DC is unknown to UE.
Taking Figure 1 for CA as an example. If idle/inactive measurement/EMR is configured to the UE, UE may measure Frequency 1, Frequency 2 and Frequency 3, and report the related measurement results for a quick CA preparation when requested by the network. Considering the coverage of different frequencies, it’s rational to configure Frequency 1 as PCell, while the others as SCells, once CA is configured for the UE if the UE is in Position 1. But if UE is in Position 2, which is out of Frequency 3’s coverage but within the coverage of Frequency 1 and Frequency 2, it’s reasonable to configure only Frequency 2 as the SCell, therefore, the measurement for Frequency 3 is not necessary. However, as described in the introduction for EMR, idle/inactive measurement (EMR) is configured in RRCRelease message, without considering UE’s location or serving cell’s quality. Therefore, UE cannot determine whether to measure one frequency or not.
Similar analysis can be applied to the deployment scenario for DC in Figure 2. The idle/inactive measurement for Frequency 3 is not necessary in some cases.
Observation 5: UE cannot determine whether the measurement for one (or multiple) frequency is necessary based on the current idle/inactive measurement configuration without additional information.
Furthermore, if the UE is in mobility, the rational network behaviour is to perform handover but not to configure CA for the UE. In other words, the idle/inactive measurement performed by the UE or configuring CA based on EMR results by the network is useless since UE serving cell’s quality is not good enough to maintain the connection to node 1, but only increasing UE and network’s power consumption.
Therefore, we think it makes sense to introduce some additional information for idle/inactive measurement, for example, the threshold(s) for idle/inactive measurement can be introduced, which considers the serving cell’s quality. That is, UE does not perform the idle/inactive measurement if the serving cell’s quality below the threshold.
Proposal 1: Threshold(s) for serving cell’s quality is introduced for idle/inactive measurement (EMR) execution, that is, UE does not perform the idle/inactive measurement when the serving cell’s quality below the threshold .
Furthermore, to increase the flexibility of the idle/inactive measurement, one or multiple thresholds can be configured to the UE. For example, in Figure 1 case, with multiple thresholds for different frequencies, UE can determine that when it’s in Position 1, all three frequencies can be measured, while it’s in Position 2, only Frequency 3 is not measured.
Proposal 2: One or multiple thresholds can be considered for the execution of idle/inactive measurement for different frequencies.
On the other hand, in order to avoid that the reported measurement results are out-of-date, additional measurement during RRC setup/resume procedure are under discussion in RAN4. However, the time during RRC setup/resume procedure is around tens of ms, which may be not enough to complete the measurement of all the EMR carriers. Since the measurement delay is scaled with the number of carrier, with the introduction of threshold(s), the number of EMR carriers to be measured can be reduced, the measurement delay could be reduced and the results reported by UE is more valid, which further enables a fast SCell/SCG setup and UE power consumption reduction for measurement, which aligns the Objective leaded by RAN4.
Observation 6: With the introduction of threshold(s), the number of EMR carriers to be measured can be reduced, and the results reported by UE is more valid, which enables a fast SCell/SCG set up and UE power consumption reduction for measurement.
Conclusions
In this contribution, we analyse for fast SCell/SCG setup, following are the observations and proposals.
Observations:
Observation 1: Whether the UE performs inter-frequency or inter-RAT frequency measurements mainly based on the following factors: reselection priority, serving cell’s RX level and quality, and UE’s distance between the serving cell (for NTN case).
Observation 2: UE performs idle/inactive measurements on the NR or EUTRA frequency without considering the factors taken into account for inter-frequency or inter-RAT frequency measurements, for example, serving cell’s RX level and quality.
Observation 3: UE will not report the idle/inactive measurement results until switching to RRC_CONNECTED stated and requested by the network, which may cause the invalidity of the measurement results.
Observation 4: The deployment information such as the co-located frequencies, or the frequencies can be configured as DC is unknown to UE.
Observation 5: UE cannot determine whether the measurement for one (or multiple) frequency is necessary based on the current idle/inactive measurement configuration without additional information.
Observation 6: With the introduction of threshold(s), the number of EMR carriers to be measured can be reduced, and the results reported by UE is more valid, which enables a fast SCell/SCG set up and UE power consumption reduction for measurement.
Proposals:
Proposal 1: Threshold(s) for serving cell’s quality is introduced for idle/inactive measurement (EMR) execution, that is, UE does not perform the idle/inactive measurement when the serving cell’s quality below the threshold .
Proposal 2: One or multiple thresholds can be considered for the execution of idle/inactive measurement for different frequencies.
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