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Introduction
The Work Item Description for DC and CA enhancements in [1] was approved at the RAN#81 meeting. One of the objectives concerns how to reduce the delay until the setup of DC and/or CA through early measurements:
[bookmark: _GoBack]Early Measurement reporting: Early and fast reporting of measurements information availability from neighbor and serving cells to reduce delay setting up MR-DC and/or CA. [RAN2, RAN4]
· This objective applies to MR-DC, NR-NR DC and CA
· The objective should consider measurements in IDLE, INACTIVE mode and CONNECTED mode
· The impacts on UE power consumption should be minimized
· The LTE Rel-15 euCA work should be utilized, when applicable

Early measurement reporting was discussed at the RAN2#105 meeting, with the following agreements:
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.  

At the RAN2#105bis meeting the following agreements were reached for early measurement configuration:
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

The LTE Rel-15 euCA work included enhancements to Carrier Aggregation for E-UTRA, where the early measurements thus were defined to include other E-UTRA carriers/cells. The Rel-16 WI objective applies to MR-DC, why there is a need to add support for NR measurements in LTE for EN-DC. It has thus been agreed that an LTE UE can be configured with NR early measurements to support fast setup of (NG)EN-DC (i.e. euCA is extended to support NR measurements), where the details are still FFS.
In this contribution we discuss the changes needed for configuration of early measurements to support fast setup of EN-DC.
[bookmark: _Ref528173454][bookmark: _Ref525647665]Discussion
Idle mode measurements in LTE Rel-15
As indicated in [1], the LTE Rel-15 euCA work should be utilized, when applicable. The measurements defined in that work are for setup of CA in LTE, initiated through an idle mode measurement configuration. The idle mode measurement configuration, which is applicable for LTE IDLE both with/without suspended RRC connection, thus includes measurements on E-UTRA carriers/cells:
RRCConnectionRelease-v1530-IEs ::=	SEQUENCE {
	drb-ContinueROHC-r15				ENUMERATED {true}			OPTIONAL,	-- Cond UP-EDT
	nextHopChainingCount-r15			NextHopChainingCount		OPTIONAL,	-- Cond UP-EDT
[bookmark: _Hlk4338610]	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
}

SystemInformationBlockType5 ::=		SEQUENCE {
	interFreqCarrierFreqList			InterFreqCarrierFreqList,
	...,
	lateNonCriticalExtension				OCTET STRING	(CONTAINING SystemInformationBlockType5-v8h0-IEs)				OPTIONAL,
	[[	interFreqCarrierFreqList-v1250	InterFreqCarrierFreqList-v1250		OPTIONAL,	-- Need OR
		interFreqCarrierFreqListExt-r12	InterFreqCarrierFreqListExt-r12	OPTIONAL	-- Need OR
	]],
	[[	interFreqCarrierFreqListExt-v1280	InterFreqCarrierFreqListExt-v1280	OPTIONAL	-- Need OR
	]],
	[[	interFreqCarrierFreqList-v1310		InterFreqCarrierFreqList-v1310		OPTIONAL,	-- Need OR
		interFreqCarrierFreqListExt-v1310	InterFreqCarrierFreqListExt-v1310	OPTIONAL	-- Need OR
	]],
	[[	interFreqCarrierFreqList-v1350		InterFreqCarrierFreqList-v1350	OPTIONAL,	-- Need OR
	interFreqCarrierFreqListExt-v1350	InterFreqCarrierFreqListExt-v1350	OPTIONAL	-- Need OR
	]],
	[[	interFreqCarrierFreqListExt-v1360	InterFreqCarrierFreqListExt-v1360	OPTIONAL	-- Need OR
	]],
	[[	scptm-FreqOffset-r14				INTEGER (1..8)					OPTIONAL	-- Need OP
	]],
	[[	interFreqCarrierFreqList-v1530		InterFreqCarrierFreqList-v1530		OPTIONAL,	-- Need OR
		interFreqCarrierFreqListExt-v1530	InterFreqCarrierFreqListExt-v1530	OPTIONAL,	-- Need OR
		measIdleConfigSIB-r15				MeasIdleConfigSIB-r15			OPTIONAL	-- Need OR
	]]
}


MeasIdleConfigSIB-r15 ::= SEQUENCE {
	measIdleCarrierListEUTRA-r15	EUTRA-CarrierList-r15,
	...
}

MeasIdleConfigDedicated-r15 ::= SEQUENCE {
[bookmark: _Hlk4156706]	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

As can be seen, the idle mode measurement configurations can be configured either through the RRCConnectionRelease message and/or through SIB5, which contains system information for inter-frequency cell reselection. The idle mode measurements are however always triggered through the dedicated RRCConnectionRelease message, which then contains at least the duration of the measurements in measIdleDuration-r15, with a range from 10 to 300s. In case the RRCConnectionRelease message does not contain the measIdleCarrierListEUTRA-r15, it is instead included in SIB5.
In LTE Rel-15 the early measurement configuration (i.e. the idle mode measurements) was only defined for LTE CA, and thus only included measurement configuration for additional E-UTRA carriers (and possibly cells). The broadcasted information is thus placed in SIB5, which contains the inter-frequency cell reselection information.
1. [bookmark: _Toc7730926]The idle mode measurement configuration in LTE Rel-15 only covers CA in LTE, and thus only includes E-UTRA carriers/cells.

NR early measurement configuration in LTE for EN-DC setup
It has been agreed at the RAN2#105bis meeting that a UE in LTE can be configured with NR early measurements to support fast setup of (NG)EN-DC.  It should thus be possible to configure a UE in LTE with NR early measurements both through dedicated signalling and through broadcast. For dedicated signalling of the idle mode measurement configuration, the NR early measurement configuration should then be transmitted through the RRCConnectionRelease message, just as for E-UTRA carriers/cells. It can then e.g. be included as a release extension in the MeasIdleConfigDedicated-r15.
For provision of NR early measurement configuration through broadcast, the question is in which SIB to include the NR early measurement configuration. One option is to include it in SIB5, where the idle mode measurement configuration for E-UTRA carriers/cells (for LTE Rel-15 euCA) is configured through measIdleConfigSIB-r15. Another option is to instead include it in SIB24, which contains the system information for inter-RAT cell reselection towards NR. It would thus seem appropriate to include the NR related early measurement configuration there as well.
In an LTE cell that has no neighbouring NR carriers/cells in the network where UEs can camp, i.e. NR Standalone cells, the SIB24 would however not be broadcasted. This would e.g. be the case in a network with only neighbouring NR NSA cells for EN-DC configuration. In such a case it would be more beneficial to include the NR early measurement configuration in SIB5, which will anyway be broadcast. By including the NR early measurement configuration in SIB5 the whole early measurement configuration can also be kept at one single place and not be separated into different SIBs and possibly even different SI messages. We therefore propose that broadcast of NR early measurement configuration, i.e. for measurements on NR carriers, is included in SIB5.
[bookmark: _Toc4096850][bookmark: _Toc4099875][bookmark: _Toc4149883][bookmark: _Toc4157845][bookmark: _Toc4338208][bookmark: _Toc4593636][bookmark: _Toc4614669][bookmark: _Toc4615817][bookmark: _Toc4616328][bookmark: _Toc4618047][bookmark: _Toc4676282][bookmark: _Toc4701802][bookmark: _Toc4703501][bookmark: _Toc7283462][bookmark: _Toc7285461][bookmark: _Toc7540162][bookmark: _Toc7720987][bookmark: _Toc7730928]Dedicated signalling of NR early measurement configuration, i.e. for early measurements on NR carriers, should be included within the RRCConnectionRelease message in E-UTRA.
[bookmark: _Toc4593637][bookmark: _Toc4614670][bookmark: _Toc4615818][bookmark: _Toc4616329][bookmark: _Toc4618048][bookmark: _Toc4676283][bookmark: _Toc4701803][bookmark: _Toc4703502][bookmark: _Toc7283463][bookmark: _Toc7285462][bookmark: _Toc7540163][bookmark: _Toc7720988][bookmark: _Toc7730929]Broadcast of NR early measurement configuration, i.e. for early measurements on NR carriers, should be included in SIB5 in E-UTRA.

Conclusion
In the previous sections we have made the following observations:
Observation 1	The idle mode measurement configuration in LTE Rel-15 only covers CA in LTE, and thus only includes E-UTRA carriers/cells.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Dedicated signalling of NR early measurement configuration, i.e. for early measurements on NR carriers, should be included within the RRCConnectionRelease message in E-UTRA.
Proposal 2	Broadcast of NR early measurement configuration, i.e. for early measurements on NR carriers, should be included in SIB5 in E-UTRA.
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