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Introduction (connected mode measurements initiation)
In RAN2#105bis meeting, it has been agreed to adopt the rel-15 LTE euCA signalling for early measurement signalling for NR, and it has also been agreed to support an enhanced signalling where the network can request early measurements in msg4 and UE reports the measurements in msg5. 
In this contribution, we address scenarios where the early measurements are not available (e.g. out of date, not configured, etc.).
[bookmark: _Ref528173454][bookmark: _Ref525647665]Discussion
As discussed in email discussion ‘[106#36] [NR/eCA-DC]: measurement and reporting configuration (Qualcomm)’, there are some issues regarding out of date early measurements. Adopting the proposed mechanisms therein (or other similar alternatives) will ensure the network will not try to configure the UE with CA/DC based with out of date measurements (or the UE will not even send the out of date measurements). In that case, early measurements will not be available, and network may not be able to configure the UE with CA/DC until the UE sends a measurement report according to connected mode measurement configurations. 
In the cases like just discussed where early measurements are out of date, or the UE was not configured with idle measurements to begin with, it will be beneficial to reduce the time before connected mode measurement results become available at the network. 

[bookmark: _Toc16770980][bookmark: _Toc20828378][bookmark: _Toc20828533][bookmark: _Toc20836922]Early measurements may not be available when the UE resumes a connection even if the network and UE supports them.
In LTE/NR Rel-15, a UE resuming a connection resumes the connected mode measurements after the reception of the RRCConnectionResume/RRCResume messages. However, there is an opportunity for the UE to resume performing the measurements even before that, as the UE already has the measurement configurations in the UE Inactive AS context. Doing so will reduce the latency by at least 2 radio RTTs (i.e. RACH preamble, RAR, Resume Request, Resume) to start performing measurements, which may be quite valuable for early availability of measurements at the target cell. 
The 2 radio RTTs is actually the lower end of expected performance enhancement, because the RAR may not succeed in just one attempt and in that case, the UE has to do power ramping before that succeeds. Also, tens of milliseconds may elapse, depending on network load and radio conditions, between the sending of the resume request and the reception of the resume message. Thus, resuming the suspended measurement configuration upon the initiation of the connection resumption procedure could make measurement results available to the network tens of milliseconds earlier as compared to the legacy way of starting the measurements only after receiving the resume message.

[bookmark: _Toc16770981][bookmark: _Toc20828379][bookmark: _Toc20828534][bookmark: _Toc20836923]Resuming the suspended (connected mode) measurements on the triggering of the connection resume procedure could considerably reduce the time required to get the first connected mode measurement results. 
Considering the above, we propose:

[bookmark: _Toc16770979][bookmark: _Toc20828381][bookmark: _Toc20828401][bookmark: _Toc20828526][bookmark: _Toc20836981]In both LTE and NR, the UE to resume suspended (connected mode) measurements upon the triggering of the connection resume procedure. 

Conclusion (connected mode measurements initiation)
In the previous sections we have made the following observations:
Observation 1	Early measurements may not be available when the UE resumes a connection even if the network and UE supports them.
Observation 2	Resuming the suspended (connected mode) measurements on the triggering of the connection resume procedure could considerably reduce the time required to get the first connected mode measurement results.
Based on the discussion in the previous sections we propose the following:
Proposal 1	In both LTE and NR, the UE to resume suspended (connected mode) measurements upon the triggering of the connection resume procedure.


Introduction (granular early measurement report request)
The latest Work Item Description for DC and CA enhancements in [1] was approved at the RAN#84 meeting, where one of the objectives concerns how to reduce the delay until the setup of DC and/or CA through early measurements.
At the RAN2#105bis meeting the following agreements were reached on early measurement signalling and configuration, respectively:
Agreement
1	For NR IDLE mode, the LTE rel-15 euCA early measurement reporting solution (i.e. via UEInformationRequest and UEInformationResponse like messages) after connection is setup will be supported.
2	For both LTE and NR, sending full idle mode measurements before security activation shall not be allowed. 
FFS if some measurement information (detail TBD) related to idle mode measurements can be sent before security activation.
3	SMC and SMC complete messages will not be modified to enable the signalling of early measurements.
4	For both LTE and NR, RAN2 confirm that current specification allow that UEInformationRequest (or equivalent message to be specified in NR) can be sent by the network immediate after Security Mode Command without network having to wait for  Security Mode Complete (i.e. similar to sending of Reconfiguration after SMC)
5	For NR INACTIVE mode, the LTE rel-15 euCA early measurement reporting solution (i.e. via UEInformationRequest and UEInformationResponse like messages) after connection is resumed will be supported.
6	Sending early measurement report is network controlled
7	For NR INACTIVE, the network can request early measurement report in RRCResume 
8	For NR INACTIVE, early measurement reporting can be sent in RRCResumeComplete 
FFS Whether agreements 7 and 8 should be applied to LTE RRCConnectionResume and RRCConnectionResumeComplete message.

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

At the RAN2#106 meeting the following agreements were reached on early measurements on beam level:
Agreement
1	How the UE applies filtering of beam measurements as part of early measurement reporting is left to UE implementation (Up to RAN4 to specify performance requirements for early measurement reporting)
2	The UE can report more than one beam measurement. Network can configure whether it wants to receive more than just the best beam
FFS whether the network can configure max number of beams and a threshold above which beams are reported

The early measurement request and report can thus be performed using at least the UEInformationRequest/UEInformationResponse messages or the RRCResume/RRCResumeComplete messages. In Rel-16 the early measurements may consist of measurements on both E-UTRA and NR carriers and cells, and for NR also on beam level. The size of the measurement report may thus become very large in case the UE has a lot of valid measurement results. Not all the measurement results may be of interest for the node where the connection establishment/resume is performed. In this contribution we discuss how to limit the size of the measurement report while still providing the information of interest for the target node.
Discussion
Requests for idle mode measurements in LTE Rel-15 (euCA)
The idle mode measurements that were defined in LTE Rel-15 (euCA) were only for setup of CA in LTE. The measurements were then requested through the UEInformationRequest message with a single indication requesting all of the measurements, and then reported through the UEInformationResponse message. The measurement report only included measurements on configured E-UTRA carriers/cells.
From 36.331, 6.2.2:
UEInformationRequest message
-- ASN1START

UEInformationRequest-r9		::=				SEQUENCE {
	rrc-TransactionIdentifier		RRC-TransactionIdentifier,
	criticalExtensions				CHOICE {
		c1								CHOICE {
			ueInformationRequest-r9				UEInformationRequest-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

UEInformationRequest-r9-IEs ::=		SEQUENCE {
	rach-ReportReq-r9					BOOLEAN,
	rlf-ReportReq-r9					BOOLEAN,
	nonCriticalExtension				UEInformationRequest-v930-IEs		OPTIONAL
}

UEInformationRequest-v930-IEs ::= SEQUENCE {
	lateNonCriticalExtension			OCTET STRING						OPTIONAL,
	nonCriticalExtension				UEInformationRequest-v1020-IEs		OPTIONAL
}

UEInformationRequest-v1020-IEs ::=	SEQUENCE {
	logMeasReportReq-r10				ENUMERATED {true}					OPTIONAL,	-- Need ON
	nonCriticalExtension				UEInformationRequest-v1130-IEs		OPTIONAL
}

UEInformationRequest-v1130-IEs ::= SEQUENCE {
	connEstFailReportReq-r11			ENUMERATED {true}					OPTIONAL,	-- Need ON
	nonCriticalExtension				UEInformationRequest-v1250-IEs		OPTIONAL
}

UEInformationRequest-v1250-IEs ::= SEQUENCE {
	mobilityHistoryReportReq-r12		ENUMERATED {true}					OPTIONAL,	-- Need ON
	nonCriticalExtension				UEInformationRequest-v1530-IEs		OPTIONAL
}

UEInformationRequest-v1530-IEs ::= SEQUENCE {
	idleModeMeasurementReq-r15			ENUMERATED {true}					OPTIONAL,	-- Need ON
	flightPathInfoReq-r15				FlightPathInfoReportConfig-r15	 	OPTIONAL,	-- Need ON
	nonCriticalExtension				SEQUENCE {}							OPTIONAL
}

-- ASN1STOP

UEInformationResponse message
-- ASN1START

UEInformationResponse-r9	::=		SEQUENCE {
	rrc-TransactionIdentifier			RRC-TransactionIdentifier,
	criticalExtensions					CHOICE {
		c1									CHOICE {
			ueInformationResponse-r9			UEInformationResponse-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

UEInformationResponse-r9-IEs ::=		SEQUENCE {
	rach-Report-r9							SEQUENCE {
		numberOfPreamblesSent-r9				NumberOfPreamblesSent-r11,
		contentionDetected-r9					BOOLEAN
	}																OPTIONAL,
	rlf-Report-r9							RLF-Report-r9			OPTIONAL,
	nonCriticalExtension					UEInformationResponse-v930-IEs			OPTIONAL
}

-- Late non critical extensions
UEInformationResponse-v9e0-IEs ::= SEQUENCE {
	rlf-Report-v9e0						RLF-Report-v9e0					OPTIONAL,
	nonCriticalExtension				SEQUENCE {}						OPTIONAL
}

-- Regular non critical extensions
UEInformationResponse-v930-IEs ::=	SEQUENCE {
	lateNonCriticalExtension			OCTET STRING (CONTAINING UEInformationResponse-v9e0-IEs)	OPTIONAL,
	nonCriticalExtension				UEInformationResponse-v1020-IEs		OPTIONAL
}

UEInformationResponse-v1020-IEs ::= SEQUENCE {
	logMeasReport-r10					LogMeasReport-r10					OPTIONAL,
	nonCriticalExtension				UEInformationResponse-v1130-IEs		OPTIONAL
}

UEInformationResponse-v1130-IEs ::= SEQUENCE {
	connEstFailReport-r11				ConnEstFailReport-r11				OPTIONAL,
	nonCriticalExtension				UEInformationResponse-v1250-IEs		OPTIONAL
}

UEInformationResponse-v1250-IEs ::= SEQUENCE {
	mobilityHistoryReport-r12			MobilityHistoryReport-r12			OPTIONAL,
	nonCriticalExtension				UEInformationResponse-v1530-IEs		OPTIONAL
}

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

< skipped remaining parts of message >



From 36.331, 6.3.5:
MeasResultListIdle-r15	::= SEQUENCE (SIZE (1..maxIdleMeasCarriers-r15)) OF MeasResultIdle-r15

MeasResultIdle-r15	::= SEQUENCE {
	measResultServingCell-r15					SEQUENCE {
		rsrpResult-r15					RSRP-Range,
		rsrqResult-r15					RSRQ-Range-r13
	},
	measResultNeighCells-r15		CHOICE {
		measResultIdleListEUTRA-r15		MeasResultIdleListEUTRA-r15,
		...
	}																	OPTIONAL,
	...
}

MeasResultIdleListEUTRA-r15 ::=	SEQUENCE (SIZE (1..maxCellMeasIdle-r15)) OF MeasResultIdleEUTRA-r15

MeasResultIdleEUTRA-r15 ::=	SEQUENCE {
	carrierFreq-r15						ARFCN-ValueEUTRA-r9,
	physCellId-r15						PhysCellId,
	measResult-r15						SEQUENCE {
		rsrpResult-r15						RSRP-Range,
		rsrqResult-r15						RSRQ-Range-r13
	},
	...
}



1. [bookmark: _Toc16781001][bookmark: _Toc20836924][bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244]In LTE Rel-15 (euCA) the UE has to provide all available idle mode measurement results (fulfilling the configured cell quality threshold), when requested by the network.
[bookmark: _Toc16781002][bookmark: _Toc20836925]In LTE Rel-15 (euCA) the idle mode measurements are limited to only E-UTRA carriers/cells.

Early measurements in Rel-16
As described in [1] the objectives of early measurements in Rel-16 applies to MR-DC, NR-NR DC and CA. A UE may thus be configured to measure on both E-UTRA carriers or cells and NR carriers and cells. It has also been agreed that the early measurements on NR may be configured to be on beam level. The size of the early measurement report may then become rather large if the UE has valid measurements for several E-UTRA and NR carriers/cells, including beam level information.
The UE is configured to perform early measurements by the source node, i.e. the one that moves the UE to RRC_IDLE or RRC_INACTIVE, which then may configure the UE to measure on both E-UTRA and NR. The configuration may then typically be based on e.g. the possible configurations in the source cell or in a larger area where the UE may end up.
[bookmark: _GoBack]The actual measurement reporting will however take place in the cell where the UE initiates the RRC establishment/resume procedure, which in some cases will be another cell/node than the one that configured the measurements. Depending on the configuration and support level in that target node, not all of the available measurement results may then need to be included in the report. What measurements that are useful at the connection establishment/resumption may also depend on temporary aspects such as the current load situation in the target cell/node. The possibility to limit the amount of information that is included in the measurement report would therefore be beneficial, e.g. if there is a high load or interference situation in the cell. This would also speed up the transmission of the measurement report.
[bookmark: _Toc16781003][bookmark: _Toc20836926]In Rel-16, the early measurement configuration may include both E-UTRA and NR carriers/cells as well as measurements on beam level for NR.
[bookmark: _Toc16781004][bookmark: _Toc20836927]The target node, i.e. the node where the UE requests a connection establishment/resumption, may only support, or be interested in, a subset of the configurations for which the UE has measurements available.

As discussed above it should be possible to avoid inclusion of information that is not of interest for the target node, i.e. the eNB/gNB handling the cell where the connection is established, in the measurement report. This can be achieved by letting the target node indicate to the UE what level of information that it is requesting, and that the UE thus should include, if available. The request for the early measurement report should thus be granular. Parts that should be possible for the target node to indicate for inclusion/exclusion include:
· RATs and carriers to be included in measurement report, if available;
· Maximum number of cells per frequency to be included in the early measurement report, e.g. indicated as the N best cells;
· Level of beam measurement results to include;
· Measurement quantity (RSRP, RSRQ or both) to be included;
For reporting of NR measurements on beam level it has already been agreed that a UE can be configured to either not include beam reporting, only report beam identifier or to report both beam identifier and the related quantity. It has also been agreed that the UE can be configured to report more than just the best beam. It has however not been agreed whether the configuration of beam level reporting should be done by the source node, i.e. the one configuring the UE with the dedicated measurement configuration, or by the target node, i.e. the one that will receive the early measurement report. Since the UE needs to know whether to store any beam level measurements and, in that case, for how many beams, this should be part of the idle measurement configuration and thus be configured by the source node, at least for the dedicated configuration. In order to limit the amount of information that needs to be transmitted over the air interface, it should then however be possible for the target node to limit the beam level information that is included in the measurement report. Of course, the UE cannot then report more than it has stored (based on the measurement configuration).
The indication about what parts of the early measurement information that is of interest could either be included in dedicated signaling, i.e. the UEInformationRequest and RRCResume messages per current agreements, or in system information.
1. [bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc16781005][bookmark: _Toc20828527][bookmark: _Toc20836982]It should be possible for the target node to provide a granular request for reporting of early measurements, i.e. requesting only a subset of the available early measurements. FFS whether this is done through dedicated signalling or broadcast.
[bookmark: _Toc16781006][bookmark: _Toc20828528][bookmark: _Toc20836983]It should be possible for the target node to request that only measurements for one of the RATs (E-UTRA or NR) are included in the early measurement report.
[bookmark: _Toc16781007][bookmark: _Toc20828529][bookmark: _Toc20836984]It should be possible for the target node to request that only measurements for a subset of the frequencies are included in the early measurement report.
[bookmark: _Toc16781008][bookmark: _Toc20828530][bookmark: _Toc20836985]It should be possible for the target node to indicate a maximum number of cells per frequency (N best cells) to be included in the early measurement report
[bookmark: _Toc16781009][bookmark: _Toc20828531][bookmark: _Toc20836986]It should be possible for the target node to indicate the level of beam level measurements, if available, that is to be included in the early measurement report.
[bookmark: _Toc16781010][bookmark: _Toc20828532][bookmark: _Toc20836987]It should be possible for the target node to indicate what measurement quantity/-ies to include in the early measurement report.
Conclusion (granular early measurement report request)
In the previous sections we have made the following observations:
Observation 1	In LTE Rel-15 (euCA) the UE has to provide all available idle mode measurement results (fulfilling the configured cell quality threshold), when requested by the network.
Observation 2	In LTE Rel-15 (euCA) the idle mode measurements are limited to only E-UTRA carriers/cells.
Observation 3	In Rel-16, the early measurement configuration may include both E-UTRA and NR carriers/cells as well as measurements on beam level for NR.
Observation 4	The target node, i.e. the node where the UE requests a connection establishment/resumption, may only support, or be interested in, a subset of the configurations for which the UE has measurements available.
Based on the discussion in the previous sections we propose the following:
Proposal 1	It should be possible for the target node to provide a granular request for reporting of early measurements, i.e. requesting only a subset of the available early measurements. FFS whether this is done through dedicated signalling or broadcast.
Proposal 2	It should be possible for the target node to request that only measurements for one of the RATs (E-UTRA or NR) are included in the early measurement report.
Proposal 3	It should be possible for the target node to request that only measurements for a subset of the frequencies are included in the early measurement report.
Proposal 4	It should be possible for the target node to indicate a maximum number of cells per frequency (N best cells) to be included in the early measurement report
Proposal 5	It should be possible for the target node to indicate the level of beam level measurements, if available, that is to be included in the early measurement report.
Proposal 6	It should be possible for the target node to indicate what measurement quantity/-ies to include in the early measurement report.
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