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1	Introduction
In RAN2#99bis, it was agreed that the UE measurement configuration for IDLE could be given in either SIB5 or RRCConnectionRelease, as shown below:
Agreements:
1	The indication for which carrier(s) UE could do the IDLE measurements is included in SIB5 and dedicated RRC signalling (including the valid timer). FFS the value range of the timer.
2	UE indicates the availability of inter-frequency measurements in RRCConnectionSetupComplete or RRCConnectionResumeComplete


In this contribution, we discuss the Stage-3 details of the measurement configuration for these.
2	Using SIB5 to indicate IDLE mode measurements
When SIB5 is used for indicating IDLE mode measurements are desired, the information is broadcast to all UEs, and therefore could be potentially used by UEs that do not need to do so. In addition, the information has to be compact enough to avoid unnecessary overhead, yet provide enough information to allow UE and network to benefit from the measurements. Also, the UE actions upon receiving the measurements need to be specified, including what happens when the (already agreed) validity timer for the measurements expires. Therefore, the following questions still need to be discussed:
· To which UEs does the SIB5 configuration apply?
· Exactly what information is necessary to broadcast?
· When receiving the broadcast information, what does the UE do?
· After the validity timer expires, what happens to the UE measurements?
SIB applicability to UEs: Obviously only UEs that are capable of the Rel-15 functionality will do anything with the broadcast information. However, depending on use case, this could still prove to be significant number of UEs, with possibly some impact to UE battery life if the measurements are very frequent. Therefore, the UE measurement time could be limited via some means to ensure good UE power efficiency, while still receiving benefits from the IDLE mode measurements.
Observation 1: Measurements done based on SIB5 may affect a large number of UEs.
One way to limit this is to limit the UEs that apply the rules. For other SIB-related actions, this is typically done randomly (e.g. with ACB or load re-distribution), but that would simply randomize the benefits and likely not help system performance. Even having all UEs obey the procedures would likely still provide better benefits, as at least then the UEs could have the best possibility to utilize CA. Another possibility would be that only UEs that have already been in CONNECTED might utilize the information, to ensure that only certain UEs do the measurements (which would help to also mitigate any power consumption issues arising from the new procedures).
Observation 2: an efficient way to limit UE power consumption would be to only have UEs that have been released from CONNECTED to IDLE do measurements based on SIB5.
Alternatively, UEs could be doing (much) more restricted measurements based on SIB5 broadcast. For example, the SIB5 broadcast could only indicate a few cells (e.g. 8) per carrier frequency, and the maximum number of measured carriers could also be e.g. up to three carriers (i.e. the typical LTE maximum measurement capability for inter-frequency carriers in IDLE mode). 
Proposal 1: The information that can be broadcast in SIB5 should be limited to at most 3 inter-frequencies and at most N cells per carrier frequency. Value of N is FFS.
An example of ASN.1 for this is shown below:
-- ASN1START

IdleModeMeasurementConfig-r15 ::= SEQUENCE {
	idleMeasuredCarriersEUTRA-r15	EUTRA-CarrierList-r15,
	idleMeasurementDuration-r15		ENUMERATED {sec10, sec30, sec60, sec120, sec300}
	...
}

[bookmark: _Hlk498261909]EUTRA-CarrierList-r15 ::= SEQUENCE (SIZE (1..maxIdleMeasCarriers-r15)) OF CarrierMeasIdleEUTRA-r15

CarrierMeasIdleEUTRA ::=			SEQUENCE {
	carrierFreq-r15						ARFCN-ValueEUTRA,
	allowedMeasBandwidth-r15			AllowedMeasBandwidth,
	measurementcycle-r15				MeasCycleSCell-r10,
	cellsToMeasureList-r15				CellsToMeasureList				OPTIONAL		-- Need OR
}

[bookmark: _Hlk498261914]CellsToMeasureList ::=			SEQUENCE (SIZE (1..maxCellMeasIdle-r15)) OF PhysCellId

maxIdleMeasCarriers-r15		INTEGER ::= 3	
maxCellMeasIdle-r15			INTEGER ::= 8 

-- ASN1STOP

3	Using RRCConnectionRelease for IDLE mode measurements
Compared to UE actions based on the SIB5 broadcast, the situation for UE and network is slightly different when using RRCConnectionRelease: The UE capabilities are known well and eNB has an active signalling connection with the UE, thus being able to provide much more information than would typically ever be broadcast. Thus, it would even be possible for UE to retain the whole CA configuration it has used prior to being moved to IDLE if so desired. Like with MDT logged measurements, the information could also be given to UE prior to the connection release.
Observation 3: There are far fewer limitations to information given to UE prior to RRCConnectionRelease compared to SIB5 broadcast.
This is somewhat similar to the suspension of RRC connection, which was also agreed to be covered in RAN2#99bis agreements. Since the UE already stores most of the AS context and RRC configuration, that could be extended to this case as well: The UE could be provided with a much more detailed measurement configuration, or the previous CA configuration could even be used partly or fully for measurements while within the same serving cell.
Observation 4: Doing measurements based on previous CA configuration while within the same serving cell would provide good basis for CA operation.
Proposal 2: UE can be provided with a “CA measurement configuration” within RRCConnectionRelease that is different from SIB5 configuration, and which overrides any SIB5 configurations.
An example of ASN.1 for this is shown below:
-- ASN1START

RRCConnectionRelease-v1320-IEs::=	SEQUENCE {
	resumeIdentity-r13					ResumeIdentity-r13				OPTIONAL,	-- Need OR 	
	nonCriticalExtension				RRCConnectionRelease-v15xy-IEs 	OPTIONAL
}

RRCConnectionRelease-v15xy-IEs::=	SEQUENCE {
	idleModeMeasurementConfig-r15		IdleModeMeasurementConfig-r15	OPTIONAL,	-- Need ON
	nonCriticalExtension				SEQUENCE {}						OPTIONAL
}

-- ASN1STOP

4	Measurements done during IDLE mode 
The discussion so far has assumed that UE could be doing the same measurements during IDLE mode as during CONNECTED mode, but this may not always be feasible: For example, measurements based on neighbour cell CSI-RS do not seem reasonable as they require both a serving cell time reference (which could come from serving cell) as well as knowledge that the CSI-RS are being transmitted, all of which might be dynamic. Therefore, the simplest would be to only enable RSRP, RSRQ and RS-SINR based on CRS to be reported.
Proposal 3: Only CRS-based measurements (RSRP/RSRQ/RS-SINR) are supported for IDLE mode measurements.
The network might also only be interested in certain metric, e.g. RSRP only. Therefore, it should be possible to signal which of the measurement quantities are being requested from the UE.
Proposal 4: Network can indicate which measurement quantities out of RSRP, RSRQ and RS-SINR UE should report for IDLE mode measurements.
Since the UE measurement cycle is also infrequent (depending on how RAN4 defines the requirements), it would also be good to understand how much the measurements vary over time. This would also then tell the eNB whether the UE is (semi-)stationary or moving, which could affect the policy of setting up CA (e.g. stationary UEs may have better gains from CA in good coverage). Therefore, the UE could be requested to also indicate the time when the measurements have been within given bounds, in a similar manner as time-to-trigger is used in CONNECTED mode measurements.
Hence, when doing IDLE mode measurements, UE could e.g. maintain the time that records how long a measured cell has been above a threshold value (e.g. RSRP >= X dB). This would then be reported to NW per cell to indicate whether the recent measurements have been stable. 
Proposal 5: UE can be requested to log the time during which a measured cell has been above a threshold value (i.e. similar to measurement event A1).
Further, the UE could be requested to only report cells that do fulfil the given condition (e.g. because the eNB would only use “good enough” cells for CA purpose). The ASN.1 for this is shown below (adapted from the example in section 2, with highlighting for the new parts), as well as illustrated in Figure 1. 
	-- ASN1START

IdleModeMeasurementConfig-r15 ::= SEQUENCE {
	idleMeasuredCarriersEUTRA-r15	EUTRA-CarrierList-r15,
	idleMeasurementDuration-r15		ENUMERATED {sec10, sec30, sec60, sec120, sec300}
	...
}

EUTRA-CarrierList-r15 ::= SEQUENCE (SIZE (1..maxIdleMeasCarriers-r15)) OF CarrierMeasIdleEUTRA-r15

CarrierMeasIdleEUTRA ::=			SEQUENCE {
	carrierFreq-r15						ARFCN-ValueEUTRA,
	allowedMeasBandwidth-r15			AllowedMeasBandwidth,
	measurementcycle-r15				MeasCycleSCell-r10,
	cellsToMeasureList-r15				CellsToMeasureList				OPTIONAL,		-- Need OR
	qualityThreshold					CHOICE {
		rsrpThreshold-r15					RSRP-Range,
		rsrqThreshold-r15					RSRQ-Range-r13,
		rssinrThreshold-r15					RS-SINR-Range-r13
	}																	OPTIONAL, 	-- Need OR
	measurementQuantities-r15			SEQUENCE {
		rsrp								BOOLEAN,
		rsrq								BOOLEAN,
		rssinr								BOOLEAN
	}																	OPTIONAL 	-- Need OR
}

CellsToMeasureList ::=			SEQUENCE (SIZE (1..maxCellMeasIdle-r15)) OF PhysCellId

maxIdleMeasCarriers-r15		INTEGER ::= 3	
maxCellMeasIdle-r15			INTEGER ::= 8 

-- ASN1STOP


Figure 1. ASN.1 showing restrictions to IDLE mode measurements 
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Figure 2. Restricting IDLE mode measurements by candidate cell quality  
[bookmark: _Hlk498957039]5	Conclusions
We have discussed the Stage-3 details of the agreed IDLE mode measurements, and observed and proposed the following: 
Observation 1: Measurements done based on SIB5 may affect a large number of UEs.
Observation 2: an efficient way to limit UE power consumption would be to only have UEs that have been released from CONNECTED to IDLE do measurements based on SIB5.
Observation 3: There are far fewer limitations to information given to UE prior to RRCConnectionRelease compared to SIB5 broadcast.
Observation 4: Doing measurements based on previous CA configuration while within the same serving cell would provide good basis for CA operation.
[bookmark: _GoBack]Proposal 1: The information that can be broadcast in SIB5 should be limited to at most 3 inter-frequencies and at most N cells per carrier frequency. Value of N is FFS.
 Proposal 2: UE can be provided with a “CA measurement configuration” within RRCConnectionRelease that is different from SIB5 configuration, and which overrides any SIB5 configurations.
Proposal 3: Only CRS-based measurements (RSRP/RSRQ/RS-SINR) are supported for IDLE mode measurements.
Proposal 4: Network can indicate which measurement quantities out of RSRP, RSRQ and RS-SINR UE should report for IDLE mode measurements.
Proposal 5: UE can be requested to log the time during which a measured cell has been above a threshold value (i.e. similar to measurement event A1).
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