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1	Introduction

In RAN2#105 meeting, it has been agreed:

Agreements:
For IDLE/INACTIVE
1. Rel-16 early measurement configuration may contain both NR and LTE configuration, only NR configuration or only LTE configuration, to support various MR-DC and CA scenario. FFS on details.  IDLE mode and INACTIVE mode details will be discussed separately
1. NR early measurement configuration should include NR specific measurement parameters configurations.
1. Available beam and cell level measurement results can be included in early measurement reporting if configured.  

Furthermore, during RAN2#105bis, it has been agreed:

Agreements
1:	NR early measurements can be configured in both NR RRCRelease message and NR system information. 
FFS: Whether there are differences in the configuration that can be provided by RRCRelease and SI.
2:	Introduce some indication about the cell's early measurement support in NR system information.
3: 	To control the duration of UE performing both IDLE and INACTIVE measurements, a single validity timer (similar to measIdleDuration in LTE euCA) is mandatory indicated only in NR RRCRelease message, i.e. not included in NR SIB.
4:	For both IDLE and INACTIVE early measurements, the following IEs can be optionally configured per NR frequency in both NR RRCRelease message and NR SIB:
-	A list of frequencies and optionally cells (similar to measCellList in LTE euCA) the UE is required to perform early measurements. 
-	A cell quality threshold (similar to qualityThreshold in LTE euCA) the UE is required to report the measurement results only for the cells which met the configured thresholds.
FFS: A validity Area (similar to validityArea in LTE euCA) to indicate the list of cells within which UE is required to perform early measurements. If the UE reselects to a cell outside this list, the early measurements are no longer required (same as timer expiry).
	o	If it is absent, the UE will not have area limitation of early measurements. 
For SSB based measurements:
5:	For both IDLE and INACTIVE early measurements, SSB frequencies to be measured can be located out of sync raster
6: 	For both IDLE and INACTIVE early measurements, RSRP and RSRQ can be configured as cell and beam measurement quantity. 
7: 	For both IDLE and INACTIVE early measurements, the configuration parameters provided per SSB frequency follow the same principles as those provided in SIB2/4 for the purposes of Idle/Inactive mobility. (Details differences can be discussed at stage 3 level)
8: 	As LTE euCA, cell / beam SINR is not introduced as measurement quantity in NR early measurement configuration in Rel-16.
For SSB based beam level measurement configurations:
9	The UE is required to report the beam with the highest measurement quantity
FFS: Whether additional beams can be reported.
10: For both IDLE and INACTIVE early measurements, the UE can be configured with one of the 3 beam reporting types
1)	No beam reporting; 
2)	Only beam identifier 
3)	Both beam identifier and quantity 
FFS: Whether to support CSI-RS based NR early measurements
11: LTE UE in IDLE mode, IDLE with suspended, and INACTIVE can be configured with NR early measurements to support fast setup of (NG)EN-DC (i.e. euCA is extended to support NR measurements). Details are FFS

In this contribution, we discuss further regarding the idle/inactive measurement configuration, specifically the aspect of idle/inactive measurement report validity.
[bookmark: _Ref178064866]2	Discussion
2.1 	Idle measurement duration and its usage in rel-15 euCA
In LTE, it is possible to configure the UE to report early measurements upon the transition from idle/suspended to connected state.  The UE is configured upon the transition from RRC_CONNECTED to RRC_IDLE with a dedicated measurement configuration in the RRCConnectionRelease message, highlighted as follows:
*****************************************************************************************************************
[bookmark: _Toc525856589]RRCConnectionRelease message
-- ASN1START

RRCConnectionRelease ::=			SEQUENCE {
	rrc-TransactionIdentifier			RRC-TransactionIdentifier,
	criticalExtensions					CHOICE {
		c1									CHOICE {
			rrcConnectionRelease-r8				RRCConnectionRelease-r8-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

-- other info has been omitted

RRCConnectionRelease-v1530-IEs ::=	SEQUENCE {
	drb-ContinueROHC-r15				ENUMERATED {true}			OPTIONAL,	-- Cond UP-EDT
	nextHopChainingCount-r15			NextHopChainingCount		OPTIONAL,	-- Cond UP-EDT
	measIdleConfig-r15					MeasIdleConfigDedicated-r15	OPTIONAL,	-- Need ON
	rrc-InactiveConfig-r15				RRC-InactiveConfig-r15		OPTIONAL,	-- Need OR
	cn-Type-r15							ENUMERATED {epc,fivegc}		OPTIONAL,	-- Need OR
	nonCriticalExtension				SEQUENCE {}					OPTIONAL
}


-- ASN1STOP

MeasIdleConfig information element
-- ASN1START

[bookmark: _Hlk522735532]
MeasIdleConfigDedicated-r15 ::= SEQUENCE {
	measIdleCarrierListEUTRA-r15	EUTRA-CarrierList-r15				OPTIONAL,	-- Need OR
	measIdleDuration-r15		ENUMERATED {sec10, sec30, sec60, sec120,
												sec180, sec240, sec300, spare},
	...
}

EUTRA-CarrierList-r15 ::= SEQUENCE (SIZE (1..maxFreqIdle-r15)) OF MeasIdleCarrierEUTRA-r15

[bookmark: _Hlk522735614]MeasIdleCarrierEUTRA-r15::=			SEQUENCE {
	carrierFreq-r15						ARFCN-ValueEUTRA-r9,
	allowedMeasBandwidth-r15			AllowedMeasBandwidth,
	validityArea-r15					CellList-r15					OPTIONAL,	-- Need OR
	measCellList-r15					CellList-r15					OPTIONAL,	-- Need OR
	reportQuantities					ENUMERATED {rsrp, rsrq, both},
	qualityThreshold-r15				SEQUENCE {
		idleRSRP-Threshold-r15				RSRP-Range					OPTIONAL,	-- Need OR
		idleRSRQ-Threshold-r15				RSRQ-Range-r13				OPTIONAL	-- Need OR
	}																	OPTIONAL, 	-- Need OR
	...
}

CellList-r15 ::=		SEQUENCE (SIZE (1.. maxCellMeasIdle-r15)) OF PhysCellIdRange

-- ASN1STOP

****************************************************************************************************************
As it can be seen above, the measIdleDuration is also included in that configuration. The timer T331 is started with the value of measIdleDuration upon the reception of the dedicated measurement configuration and stops upon receiving RRCConnectionSetup, RRCConnectionResume or, if validityArea is configured, upon reselecting to cell that does not belong to the validityArea.
The UE behaviour in more details is shown below as captured in 36.331:
************************************************************************************************
5.6.20 Idle Mode Measurements
[bookmark: _Toc525856590]5.6.20.1 General
This procedure specifies the measurements done by a UE in RRC_IDLE when it has an IDLE mode measurement configuration and the storage of the available measurements by a UE in both RRC_IDLE and RRC_CONNECTED.
[bookmark: _Toc525856591]5.6.20.2 Initiation
While T331 is running, the UE shall:
1>	perform the measurements in accordance with the following:
2>	for each entry in measIdleCarrierListEUTRA within VarMeasIdleConfig:
3>	if UE supports carrier aggregation between serving carrier and the carrier frequency and bandwidth indicated by carrierFreq and allowedMeasBandwidth within the corresponding entry;
4>	perform measurements in the carrier frequency and bandwidth indicated by carrierFreq and allowedMeasBandwidth within the corresponding entry;
[bookmark: _Hlk533058552]NOTE:	How the UE performs measurements in IDLE mode is up to UE implementation as long as the requirements in 36.133 [16] are met for measurement reporting. UE is not required to perform idle measurements if SIB2 idle measurement indication is not configured.
4>	if the measCellList is included:
5>	consider PCell and cells identified by each entry within the measCellList to be applicable for idle mode measurement reporting;
4>	else:
5>	consider PCell and up to maxCellMeasIdle strongest identified cells whose RSRP/RSRQ measurement results are above the value(s) provided in qualityThreshold (if any) to be applicable for idle mode measurement reporting;
4>	store measurement results for cells applicable for idle mode measurement reporting within the VarMeasIdleReport;
3>	else:
4>	do not consider the carrier frequency to be applicable for idle mode measurement reporting;
1>	if validityArea is configured in VarMeasIdleConfig and UE reselects to a serving cell whose physical cell identity does not match any entry in validityArea for the corresponding carrier frequency:
2>	stop T331;
[bookmark: _Toc525856592]
5.6.20.3 T331 expiry or stop
The UE shall:
1>	if T331 expires or is stopped:
2>	release the contents of VarMeasIdleConfig;
NOTE:	It is up to UE implementation whether to continue IDLE mode measurements according to SIB5 configuration after T331 has expired or stopped.
************************************************************************************************
As can be seen above, the UE will release the dedicated idle measurement configurations when T331 expires or stops, but it can still continue to measure based on broadcasted information on SIB5 afterwards, depending on UE implementation.
The only time the UE is required to release the idle measurement results is upon sending them in the UEInformationResponse message, as shown below:

*****************************************************************************************************************
[bookmark: _Toc535571355]5.6.5.3	Reception of the UEInformationRequest message
<<skipped parts>>
1>	if the idleModeMeasurementReq is included in the UEInformationRequest and UE has stored VarMeasIdleReport:
2>	set the measResultListIdle in the UEInformationResponse message to the value of idleMeasReport in the VarMeasIdleReport;
2>	discard the VarMeasIdleReport upon successful delivery of the UEInformationResponse message confirmed by lower layers;
*****************************************************************************************************************
The downside of this approach is that the UE may end up sending old measurement results that are not valid anymore. If the UE resumes in the same cell/node, one could argue that network would be able to determine that and ignore such measurements if it has kept the time the UE got suspended. However, it can not be assumed that the UE will resume in the same cell/node. Using an outdated measurement by the network could lead to inefficient configuration (e.g. configuring a suboptimal SCell) or even to failures (e.g. configuring an SCell that the UE cannot connect with anymore), and may undo the anticipated advantages of using early measurements for fast CA/DC setup. 

[bookmark: _Toc4685241]In rel-15 euCA, the dedicated idle measurement configuration is released upon T331 expiry, but it is up to UE implementation for how long the UE continues measuring (e.g. based on SIB5 configuration), 
[bookmark: _Toc4685242]In rel-15 euCA, the UE is required to delete the early measurement results only upon sending them via UEInformationResponse.
[bookmark: _Toc4685243]A UE may send an out of date measurement results, and the usage of this by the network may lead to a suboptimal CA/DC configuration and even failures.

2.2 Ensuring validity of early measurements 
Considering the disadvantages discussed in section 2.1, it is essential to ensure that out of date measurements would not be considered in configuring the UE during the transition from IDLE/INACTIVE to CONNECTED state. There are two main ways of achieving this:
1. The network decides the validity of the early measurements: When suspending a UE, the network saves the time the UE got suspended along with the UE context. The time information is transferred to target node upon context fetch, and network could decide to request for early measurements or not depending on how long the UE has been suspended.

2. The UE determines the validity of the early measurements, based on network configuration. In addition to the measIdleDuration, the UE can be configured with a validity timer specifying for how long the idle/inactive measurement results could be kept before they are considered outdated.

[bookmark: _Toc4685244]RAN2 to specify mechanisms to ensure outdated idle/inactive measurements are not considered for fast CA/DC configuration.
[bookmark: _Toc4685245]RAN2 to decide whether to achieve the measurement result validity checking by 
i. [bookmark: _Toc4685246]introducing a measurement result validity timer in the idle/inactive measurement configuration or 
ii. [bookmark: _Toc4685247]having the source node save the time of suspension of the UE in the UE Inactive AS context 
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In the previous sections we made the following observations: 
Observation 1	In rel-15 euCA, the dedicated idle measurement configuration is released upon T331 expiry, but it is up to UE implementation for how long the UE continues measuring (e.g. based on SIB5 configuration),
Observation 2	In rel-15 euCA, the UE is required to delete the early measurement results only upon sending them via UEInformationResponse.
Observation 3	A UE may send an out of date measurement results, and the usage of this by the network may lead to a suboptimal CA/DC configuration and even failures.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to specify mechanisms to ensure outdated idle/inactive measurements are not considered for fast CA/DC configuration.
Proposal 2	RAN2 to decide whether to achieve the measurement result validity checking by
i.	introducing a measurement result validity timer in the idle/inactive measurement configuration or
ii.	having the source node save the time of suspension of the UE in the UE Inactive AS context
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