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Introduction
[bookmark: _Ref477972990]The WID “DC and CA enhancements” was approved in RAN#80 in RP-181469, and updated in RAN#81 in RP-182076. One of the objectives is the early and fast reporting of measurements information availability from neighbor and serving cells to reduce the delay of setting up MR-DC and/or CA [1].
In RAN2#105 the following was 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
2 NR early measurement configuration should include NR specific measurement parameters configurations.
3 Available beam and cell level measurement results can be included in early measurement reporting if configured.  

This paper focus on the INACTIVE state solution. This paper discusses a new case in NR where the UE may receive an RRCRelease message in response to an RRCResumeRequest (2-step resume procedure).
Discussion
Early idle measurements in LTE Rel-15
To configure CA/DC properly, it is important for the network to get information about the traffic demands of the UE and the quality of candidate cells in candidate carriers. The latter is possibly assisted by measurements reported by the UE e.g. using measurement configurations in connected mode. 
In LTE Rel-15, as part of the euCA Work Item, to speed up the availability of measurements for possible candidate carriers for CA/DC setup at the network side, a feature called early idle measurements was standardized. Upon being released or suspended, the network may configure the UE with an idle measurement configuration in RRCConnectionRelease for the carriers that are potential CA/DC setup candidates for that UE.
When the UE performs a transition from IDLE (without a stored context) to CONNECTED, the UE shall indicate in RRCConnectionSetupComplete if it has early idle measurements available in case the network broadcasts an indication in SIB2 (idleModeMeasurements), indicating that the feature has been enabled. 
RRCConnectionSetupComplete-v1530-IEs ::= SEQUENCE {
	logMeasAvailableBT-r15				ENUMERATED {true}						OPTIONAL,
	logMeasAvailableWLAN-r15			ENUMERATED {true}						OPTIONAL,
	idleMeasAvailable-r15				ENUMERATED {true}						OPTIONAL,
	flightPathInfoAvailable-r15			ENUMERATED {true}						OPTIONAL,
	connectTo5GC-r15					ENUMERATED {true}						OPTIONAL,
	registeredAMF-r15					RegisteredAMF-r15						OPTIONAL,
	s-NSSAI-list-r15					SEQUENCEents(SIZE (1..maxNrofS-NSSAI-r15)) OF S-NSSAI-r15 OPTIONAL,
	ng-5G-S-TMSI-Bits-r15				CHOICE {
		ng-5G-S-TMSI-r15					NG-5G-S-TMSI-r15,
		ng-5G-S-TMSI-Part2-r15				BIT STRING (SIZE (8))
	}																			OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1540-IEs	OPTIONAL
}


Upon the reception of the indication in RRCConnectionSetupComplete, the network is aware that the UE has early measurements available. Network may request early measurements using an UEInformationRequest message containing the flag idleModeMeasurementReq. Upon the reception the UE sends a UEInformationResponse including early idle measurements as shown below:

UEInformationResponse-v1530-IEs ::= SEQUENCE {
	measResultListIdle-r15				MeasResultListIdle-r15			OPTIONAL,
	flightPathInfoReport-r15			FlightPathInfoReport-r15		OPTIONAL,	nonCriticalExtension				SEQUENCE {}						OPTIONAL
}

For the transition from suspended state to CONNECTED, the handling in LTE rel-15 is similar, the only difference being that the UE sends the indication of the availability of early measurements in the RRCConnectionresumeComplete message.
[image: ]
Figure 1 LTE solution for early idle measurements


Early measurements in NR for INACTIVE UEs
In LTE Rel-15, the solution relies on a measurement configuration provided in the RRCRelease message, as shown below:
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				RRCConnectionRelease-v1540-IEs			OPTIONAL
}

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 OP
	...
}

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

Upon entering IDLE the UE stores that configuration in a UE variable and perform idle measurements accordingly. 
**********************************************************************************************
. . . 
1>	if the RRCConnectionRelease message includes the measIdleConfig:
2>	clear VarMeasIdleConfig and VarMeasIdleReport;
2>	store the received measIdleDuration in VarMeasIdleConfig;
2>	start T331 with the value of measIdleDuration;
2>	if the measIdleConfig contains measIdleCarrierListEUTRA:
3>	store the received measIdleCarrierListEUTRA in VarMeasIdleConfig;
2>	else:
3>	store the measIdleCarrierListEUTRA received in SIB5 in VarMeasIdleConfig;
2>	start performing idle mode measurements as specified in 5.6.20;
. . . 
**********************************************************************************************
While the timer T331 is running, the UE shall perform idle measurements according to that configuration.  According to LTE RRC (TS 36.331), the UE is not required to perform these measurements if the timer is not running, which occurs in the following cases:
· UE reselects to a cell not within the configured validity area, then timer T331 stops; or
· Timer T331 expires;
· UE receives an RRCConnectionResume or an RRCConnectionSetup message i.e. UE enters RRC_CONNECTED;
This is summarized in the RRC specifications of LTE in the following table:
	Timer
	Start
	Stop
	At expiry

	T331
	Upon receiving RRCConnectionRelease message including measIdleConfig.
	Upon receiving RRCConnectionSetup, RRCConnectionResume or, if validityArea is configured, upon reselecting to cell that does not belong to validityArea.
	Release the stored VarMeasIdleConfig. 



When the timer expires or is stopped (i.e. in the cases above), the UE releases the measurement configuration used for the idle measurements i.e. it releases the UE variable where the configuration is stored (VarMeasIdleConfig), as shown below:
**********************************************************************************************
[bookmark: _Toc535571418]5.6.20.3	T331 expiry or stop
The UE shall:
1>	if T331 expires or is stopped:
2>	release the VarMeasIdleConfig;
. . .
**********************************************************************************************
[bookmark: _Toc4622262][bookmark: _Toc4675891]In LTE Rel-15 solution for early measurements, UE releases its measurement configuration upon reception of RRCConnectionResume or RRCConnectionSetup.

Handling of inactive/idle measConfig in 2-steps Resume
The existing solution specifies that the UE stops performing idle measurements (i.e. to support early measurements reporting) upon cell reselection to a cell not in the UE’s configured validity area, upon the reception of RRCConnectionSetup or the reception of RRCConnectionResume.
However, in NR, a first new scenario is when an RRC_INACTIVE UE transmits an RRCResumeRequest or RRCResumeRequest1 message and receives an RRCRelease message with suspend configuration (indicating that the UE shall remain in RRC_INACTIVE, which is equivalent to do a very quick transient transition to RRC_CONNECTED and then to RRC_INACTIVE again) in response, as shown below:


Figure 5.3.13.1-4: RRC connection resume followed by network suspend, successful
A second new scenario is when an RRC_INACTIVE UE transmits an RRCResumeRequest and receives an RRCRelease without a suspend configuration (indicating that the UE shall transition to RRC_IDLE, which is equivalent to do a very quick transient transition to RRC_CONNECTED and then to RRC_IDLE) in response, as shown below:


Figure 5.3.13.1-3: RRC connection resume followed by network release, successful

There are different cases where the network may respond a Resume Request like message (RRCResumeRequest or RRCResumeRequest1 as shown in the flows above) with an RRCRelease message, such as when the resume procedure is triggered due to a mobility-based RAN area Update, or periodic RAN area Update or when the network wants to redirect the UE to another frequency (in the same RAT or different RAT).
[bookmark: _Toc4622263][bookmark: _Toc4675892]In NR an INACTIVE UE trying to resume may receive an RRCRelease in response to an RRCResumeRequest like message.
If the existing solution in LTE is adopted in NR, the UE may be performing early measurements (e.g. according to a configuration provided in RRCRelease or obtained in a SIB) when it tries to resume (i.e. it sends an RRC Resume Request like message) and receives in response a new RRCRelease message that may contain or not a new measurement configuration for early measurements, it remains unclear what the UE shall do with the stored configuration for early measurements, the timer controlling the measurements (if agreed for NR), the measurement results, and whether the UE shall continue to perform measurements or not. 
[bookmark: _Toc4622213][bookmark: _Toc4622230][bookmark: _Toc4675521][bookmark: _Toc4675893][bookmark: _Toc4705346]If the UE receives an RRCRelease message in response to an RRCResumeRequest message which includes idle/inactive measurements, the UE shall apply these configurations and perform measurements accordingly
[bookmark: _Toc4675894][bookmark: _Toc4705347]RAN2 to discuss whether the reception of an RRCRelease without an idle/inactive measurement configuration is an implicit indication for the UE to release any previous idle/inactive measurement configuration or an explicit release indication is required. 
Conclusion
In section 2 we made the following observations:
Observation 1	In LTE Rel-15 solution for early measurements, UE releases its measurement configuration upon reception of RRCConnectionResume or RRCConnectionSetup.
Observation 2	In NR an INACTIVE UE trying to resume may receive an RRCRelease in response to an RRCResumeRequest like message.
Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	If the UE receives an RRCRelease message in response to an RRCResumeRequest message which includes idle/inactive measurements, the UE shall apply these configurations and perform measurements accordingly
Proposal 2	RAN2 to discuss whether the reception of an RRCRelease without an idle/inactive measurement configuration is an implicit indication for the UE to release any previous idle/inactive measurement configuration or an explicit release indication is required.
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