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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN2#108 meeting, we have the following agreements for LTE early measurements：
· A new indication is introduced in SIB2 to indicate that the UE can perform NR early measurements while camped on the cell. 
· At least one indication is introduced in RRCConnectionResume to indicate that the UE shall include the LTE and/or NR early measurements in RRCConnectionResumeComplete.
In the running CR 38.331 that captures the agreements from RAN2#106 and RAN2#108 meetings, we have the following updating for NR early measurements：
· Added indication about NW support for idle mode measurements to SIB1.
· For NR INACTIVE, the network can request early measurement report in RRCResume.
· For NR INACTIVE, early measurement reporting can be sent in RRCResumeComplete.
However, since that E-UTRA and NR carriers will be measured, the granularity of the indications introduced in Rel-15 and Rel-16 for early measurement are still not clear and should be discussed in detail, to support efficiently performing early measurement, requesting and reporting the results.
Therefore, this paper discusses the granularity of performing, requesting and reporting for early measurement.
2. Discussion
2.1 LTE Early measurement performing
LTE Idle/Inactive Measurements procedure in running CR 36.331 is given below:
	5.6.20	Idle/Inactive Measurements
      Omit…
5.6.20.2	Initiation
While in RRC_IDLE or RRC_INACTIVE, T331 is running, and if SIB2 includes idleModeMeasurements, 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 indicated by carrierFreq within the corresponding entry;
4>	perform measurements in the carrier frequency and bandwidth indicated by carrierFreq and allowedMeasBandwidth within the corresponding entry;
NOTE:	The fields s-NonIntraSearch in SystemInformationBlockType3 do not affect the idle/inactive measurement procedures. How the UE performs the idle/inactive measurements is up to UE implementation as long as the requirements in TS 36.133 [16] are met for measurement reporting. UE is not required to perform E-UTRA idle/inactive measurements if the SIB2 does not contain idleModeMeasurements.
      Omit…
2>	if SIB2 includes idleModeMeasurements-r16 and the VarMeasIdleConfig includes the measIdleCarrierListNR:
3>	for each entry in measIdleCarrierListNR within VarMeasIdleConfig:
4>	if UE supports (NG)EN-DC between serving carrier and the carrier frequency and subcarrier spacing indicated by carrierFreqNR and ssbSubCarrierSpacing within the corresponding entry:
      Omit…


From the above procedure, R16 UE performs EUTRA early measurements if idleModeMeasurements is included in SIB2, while UE additionally performs NR early measurements if idleModeMeasurements-r16 is included in SIB2. Table1 shows the R16 UE early measurement behaviour in different combination of the indicators included in SIB2.
Table1: the explanation for early measurement performing
	SIB2
	only idleModeMeasurements-r15 included in SIB2
	only idleModeMeasurements-r16 included in SIB2
	Both idleModeMeasurements-r15 and idleModeMeasurements-r16 included in SIB2
	None

	R16 UE
	performs EUTRA early measurements
	performs both EUTRA early measurements and NR early measurements
	performs both EUTRA early measurements and NR early measurements
	No early measurement is required


However, it seems unnecessary to have such restriction on R16 UE for NR early measurements in case of only idleModeMeasurements-r16 included in SIB2 (highlighted in yellow in the Table 1). It has benefit for Rel-16 eNB to indicate UE only performing NR carrier measurements. For example, there is an eNB cannot support CA between the serving carrier and the neighbouring EUTRA carries but support DC between the serving carrier and the neighbouring NR carries. In this case, eNB can indicate UE to only perform NR measurements. Thus, it should be allowed that network can indicate the UE to perform NR early measurement if only idleModeMeasurements-r16 is included in SIB2. Thus, we have
Proposal 1: UE camping on E-UTRA cell performs early measurements as following:
· UE is required to perform early measurements towards E-UTRA cells if SIB2 contains idleModeMeasurements-r15, and
· UE is required to perform early measurements towards NR cells if SIB2 contains idleModeMeasurements-r16.
2.2 LTE Early measurement request and report
Currently, whether the idleModeMeasurementReq in RRCConnectionResume/UEInformationRequest message indicates all results (EUTRA and NR), or can request only EUTRA or NR results is still FFS.
Obviously, indicating all results (EUTRA and NR) is the simplest way. However, it’s efficiency is doubtful. For example, if network cannot support CA or EN-DC or will not configure the UE perform CA or EN-DC in a period of time for network purpose, UE reports the results that will not be used by the network, leading to a waste of resources. To avoid such situation occurring, there are two options for the UE to include the available early measurement results of the RAT that network concerns. 
Option1: Introducing two bits in RRCConnectionResume/UEInformationRequest message for different RAT reporting.
Option2: Reuse two bits in SIB2, i.e., idleModeMeasurements-r15 and idleModeMeasurements-r16 for different RAT reporting.
In the option1, one bit is defined for EUTRA results (for example, bit A), while the another is for NR results (for example, bit B). Table 2 shows the explanation for R16 UE early measurement reporting behaviour in two options.
Table2: the explanation for early measurement reporting
	Option 1
	Bit A = 1 to request EUTRA early measurements reporting 
	Bit B = 1 to request NR early measurements reporting
	Bit A = 1 and B = 1 to request EUTRA and NR early measurements reporting
	None

	Option 2
	only idleModeMeasurements-r15 SIB2
	only idleModeMeasurements-r16 in SIB2
	Both idleModeMeasurements-r15 and idleModeMeasurements-r16 in SIB2
	None

	R16 UE
	only EUTRA early measurements reporting
	Only NR early measurements reporting
	both EUTRA and NR early measurements reporting
	No early measurement reporting


We think that the Option2 is simpler due to reusing the existing IEs, thus we have
Proposal 2: In E-UTRA cell, UE reports the results of early measurements as following:
· UE reports available measurement results related to E-UTRA cells if SIB2 contains idleModeMeasurements-r15, and
· UE reports available measurement results related to NR cells if SIB2 contains idleModeMeasurements-r16.
2.3 LTE Early measurement availability indication
In the running CR 36.331, whether to have a separate availability indicator in RRCConnectionSetupComplete/ RRCConnectionResumeComplete message for Rel-16 idle/inactive measurements is still FFS.
	RRCConnectionResumeComplete-v1530-IEs ::= SEQUENCE {
	logMeasAvailableBT-r15					ENUMERATED {true}				OPTIONAL,
	logMeasAvailableWLAN-r15				ENUMERATED {true}				OPTIONAL,
	idleMeasAvailable-r15					ENUMERATED {true}				OPTIONAL,
	flightPathInfoAvailable-r15				ENUMERATED {true}				OPTIONAL,
	nonCriticalExtension					RRCConnectionResumeComplete-v16xy-IEs					OPTIONAL
}

RRCConnectionResumeComplete-v16xy-IEs ::= SEQUENCE {
    measResultListIdle-r15				MeasResultListIdle-r15			OPTIONAL,
    measResultListIdleNR-r16			MeasResultListIdleNR-r16        OPTIONAL,
    scg-ConfigResponseNR-r16			OCTET STRING					OPTIONAL,   
    nonCriticalExtension                SEQUENCE{}                      OPTIONAL
}
-- Editor’s Note: FFS whether to have a separate availability indicator for rel-16 idle/inactive measurements.

-- ASN1STOP


In our outstanding, UE can set the availability bit for early measurement according to the two indictors in SIB2, i.e., idleModeMeasurements-r15 and idleModeMeasurements-r16, as shown in below Table 3. 
Table 3: The setting for availability bit
	SIB2
	only idleModeMeasurements-r15 included in SIB2
	only idleModeMeasurements-r16 included in SIB2
	Both idleModeMeasurements-r15 and idleModeMeasurements-r16 included in SIB2
	None

	R16 UE
	Setting availability bit if EUTRA early measurements result available
	Setting availability bit if NR early measurements result available 
	Setting availability bit if EUTRA or NR early measurements result available 
	No availability bit set


Proposal 3: In E-UTRA cell, UE sets the availability bit for early measurements in the following cases:
· UE has measurement results related to E-UTRA cells and SIB2 contains idleModeMeasurements-r15, or
· UE has measurement results related to NR cells and SIB2 contains idleModeMeasurements-r16.
2.4 NR Early measurement
In our understanding, the above proposals for LTE can be applied to NR. However, there is only IE to indicate one NR cell supporting early measurement for both E-UTRA and NR in SIB1, i.e. idleModeMeasurements-r16.Hence, we propose:
Proposal 4: Replace the IE idleModeMeasurements-r16 in NR SIB1 with two IEs, i.e. idleModeMeasurementsEUTRA and idleModeMeasurementsNR, to indicate UE performing early measurement towards only EUTRA, or only NR, or both.
Proposal 5: If the P4 is agreed, the above principles proposed for Rel-16 LTE should be applied to Rel-16 NR.
3. Conclusion
In the contribution, we discussed the remaining issue of early measurement, and have made the following observations and proposals:
Proposal 1: UE camping on E-UTRA cell performs early measurements as following:
· UE is required to perform early measurements towards E-UTRA cells if SIB2 contains idleModeMeasurements-r15, and
· UE is required to perform early measurements towards NR cells if SIB2 contains idleModeMeasurements-r16.
Proposal 2: In E-UTRA cell, UE reports the results of early measurements as following:
· UE reports available measurement results related to E-UTRA cells if SIB2 contains idleModeMeasurements-r15, and
· UE reports available measurement results related to NR cells if SIB2 contains idleModeMeasurements-r16.
Proposal 3: In E-UTRA cell, UE sets the availability bit for early measurements in the following cases:
· UE has measurement results related to E-UTRA cells and SIB2 contains idleModeMeasurements-r15, or
· UE has measurement results related to NR cells and SIB2 contains idleModeMeasurements-r16.
Proposal 4: Replace the IE idleModeMeasurements-r16 in NR SIB1 with two IEs, i.e. idleModeMeasurementsEUTRA and idleModeMeasurementsNR, to indicate UE performing early measurement towards only EUTRA, or only NR, or both.
Proposal 5: If the P4 is agreed, the above principles proposed for Rel-16 LTE should be applied to Rel-16 NR.
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