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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN4 #92Bis meeting, it is agreed that companies are encouraged to provide input and views on following early measurement reporting (EMR) issues [1]:
	· For Idle measurements for early Measurement reporting companies are encouraged to provide input and views on following:
· For NR, 
· Should RAN4 use the concept of UE idle mode measurement capability (total number of carrier) for defining requirements for early measurement reporting?
· Should RAN4 adopt the concept of overlapping and non-overlapping carriers for defining requirements for early measurement reporting?
· For NR, the number of carriers the UE should be able to report early measurements:
· NR inter-frequency carriers
· Use of measurement thresholds to decide when measurements for early reporting should be performed by the UE.
· Impact on mobility measurement performance from measurements for early reporting.
· For Idle measurements for introducing Inter-RAT early measurements in 36.133 companies are encouraged to provide input and views on following:
· For LTE, 
· Principle of introducing NR inter-RAT measurements for early reporting in LTE.
· Number of NR carriers supported for early measurement reporting.
· Detected cell status upon transitioning from connected to:
· Idle mode, or 
· inactive mode
· For Idle measurements for UE behaviour, companies are encouraged to provide input and views on following:
· For NR, 
· At cell change, while the T331 timer is running, what is UE behaviour regarding measurements configured for EMR when:
· One cell change occur
· More than one cell change occur
· At cell change, what is the UE behaviour related to reporting of EMR
· RAN4 needs to define UE behaviour and the applicable requirements for EMR when a cell change occurs while the timer T331 is running
· Option 1: UE always stops
· Option 2: UE always continues
· Option 3: UE is either stops/restarts or continues the early measurement, e.g., based on the T331 timer and the time point of the cell change relative to the timer, measurement type (inter-frequency, inter-RAT, or intra-frequency), and/or the type of the change or no change in the cell/carrier relation caused by the cell change
· For example, the UE could restart the measurement if the carrier relation or measurement type changes, say from overlapping carriers to non-overlapping carriers or from intra-frequency to inter-frequency, while the UE could continue if the carrier relation or measurement type do not change
· If the stops the early measurements, will they be reported?
· FFS: The stopped early measurement based on old samples (before the cell change) may still be reported to the network, at least when the remaining time to the expiry of the T331 timer is short or not sufficient for the new measurement (after the cell change)
· If the UE continued, which requirement applies?
· The early measurement, which was continued over a time period with one or more cell changes and was performed on a carrier which was a non-overlapping carrier with the serving carrier before and/or after the cell change, shall meet the requirement corresponding to that for the non-overlapping carrier
· FFS for other scenarios
· The concept of unknown cells considering early measurement reporting.
· The UE shall not report or indicate the availability of measurements for EMR for unknown cells
· If a cell measured for EMR purpose gets unknown while the T331 timer is running, the UE has to perform the cell identification prior to measuring that cell
· Impact on early measurements after T331 stops and before reporting EMR
· Observation: A UE may continue the measurements at least on the overlapping carriers (e.g., for mobility purpose) even after T3331 stops and report them for EMR purpose
· If the UE continues a measurement after T331, e.g. on the overlapping carrier, RAN4 specifies applicable requirements if such measurements can be reported for EMR



In this paper, we discuss the measurement capability and restriction on carriers for NR IDLE/INACTIVE CA measurement, and other related issues. 
2	Discussion  
We would like to first discuss the UE requirements for LTE inter-RAT. In current RAN4 spec, TS36.133 Section 4.9 has specified the IDLE mode CA measurement for LTE SA mode UE during Rel-15 euCA WI. For UE which supports ca-IdleModeMeasurements, UE shall perform measurement on the configured overlapping and non-overlapping inter-frequency carriers for IDLE mode measurement reporting shown as Table 1.  

[bookmark: _Ref24030442]Table 1 : Measurements of inter-frequency CA candidate cells
	Serving cell signal quality
	Srxlev ≤ SnonIntraSearchP or 
Squal ≤ SnonIntraSearchQ
	Srxlev > SnonIntraSearchP and 
Squal > SnonIntraSearchQ

	Overlapping with carriers for 
re-selection
	Overlapping
	Non-overlapping
	Overlapping
	Non-overlapping

	# of early measurement reporting carriers
	3 (0 or 1 inter-frequency carrier may be a non-overlapping carrier)
	1 (0 or 1 inter-frequency carrier may be a non-overlapping carrier)

	Measurement delay
	4.2.2.4
	N/A
	N/A
	N/A

	Measurement accuracy
	9.1.3B.2 & 9.1.6B.2
	9.1.3B.3 & 9.1.6B.3
	9.1.3B.3 & 9.1.6B.3
	9.1.3B.3 & 9.1.6B.3



Where the definition of overlapping and non-overlapping carriers are:
· Overlapping: a carrier configured by higher layer for early measurement reporting and inter-frequency mobility measurements.
· Non-overlapping: a carrier configured by higher layer for early measurement reporting while not configured for inter-frequency mobility measurements.
Besides, TS36.133 Section 4.2.2.9 specifies that UE shall be capable of monitoring a total of at least 8 carrier frequency layers in RRC_IDLE state. In #92 meeting, RAN4 already agreed that for UE supporting IDLE/INACTIVE mode CA measurement, the measurement capability defined in Rel-15 should not be extended. Therefore, when UE already monitors 8 carrier frequency layers in E-UTRA measurements RRC_IDLE state, only the overlapping carriers need to be reported to Network for the early measurement reporting. What makes things difference is the serving cell signal quality. If one of the serving cell signal quality is no larger than a certain threshold, i.e., Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, the number of early measurement reporting is 3; otherwise, the number of early measurement reporting is 1. 
[bookmark: _Ref21033417]Observation 1: UE monitors more carriers for LTE IDLE mode CA measurement when one of the serving cell signal quality is no larger than a certain threshold.

In our understanding, UE might prefer to allocate more resources (time and power) for cell re-selection when serving cell signal quality is no larger than a certain threshold. On the other hand, when serving cell signal quality is good, i.e., Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, UE has less intention to perform frequent measurement for cell re-selection. In this case, UE can spend more time and power on candidate CA carriers. So we suggest
[bookmark: _Ref21033580]Proposal 1: For NR IDLE/INACTIVE mode CA measurement, UE monitors less carriers when one of the serving cell signal quality is no larger than a certain threshold and measures more carriers for CA measurement otherwise. 

We then discuss the restrictions on the early measurement reporting, i.e., 0 or 1 inter-frequency carrier may be a non-overlapping carrier. Assuming that Srxlev ≤ SnonIntraSearchP, and UE is monitoring 8 carriers and the RSRP for these carriers are as shown in Table 2.   

[bookmark: _Ref24030598]Table 2: Example of IDLE/INACTIVE mode CA measurement
	
	Non-overlapping carriers
	Overlapping carriers

	RSRP Ranking
	F1: -82dBm
	F4: -90dBm

	
	F2: -86dBm
	F5: -91dBm

	
	F3: -89dBm
	F6: -93dBm

	
	
	F7: -95dBm

	
	
	F8: -97dBm



Since UE can only report 0 or 1 carrier from the set of non-overlapping carrier, UE may report:
· “1” non-overlapping carrier, e.g., UE reports F1, F4, F5. 
· F2 and F3 with higher RSRPs than all overlapping carriers are not reported.
· “0” non-overlapping carrier, e.g., UE reports F4, F5, F6. 
· F1, F2 and F3 with higher RSRPs than all overlapping carriers are not reported.

In our understanding, this is strange that UE cannot report the carrier with better RSRP to network. Furthermore, such restrictions will further complicate the applicable requirements for EMR when a PCell change occurs while the timer T331 is running. As shown in Figure 1, 
· Before PCell is changed, 
· frequency 1 is an intra-frequency for cell reselection, 
· frequency 2 is an inter-frequency for cell reselection and EMR, and 
· frequency 3 is an inter-frequency for EMR. 
· After PCell is changed, UE updates the frequency layers for reselection based on SIB 
· frequency 1 is an inter-frequency for cell reselection, 
· frequency 2 is an intra-frequency for cell reselection and EMR, and 
· frequency 3 is an inter-frequency for cell reselection and EMR. 

The type of each frequency layer has been changed and it is very complicated to specify the UE behavior and the corresponding requirements. Therefore, we suggest to remove such restrictions on the number of overlapping/non-overlapping and intra/inter-frequency carriers and only specify the overall number of carriers that UE should be able to report. 
[bookmark: _Ref24036535][bookmark: _Ref21033583][bookmark: _Ref16690090]Proposal 2: In IDLE/INACTIVE mode CA measurement, RAN4 to remove the restriction on the number of overlapping/non-overlapping and intra/inter-frequency carriers, only specify the total number of carriers that UE should be able to report for early measurement reporting. 

[image: ]
[bookmark: _Ref24031107]Figure 1: Example of IDLE/INACTIVE

If RAN4 can agree on aforementioned Proposal 2, the next issue is whether RAN4 should specify the number of monitored carriers for each RAT or only determine a total monitored carrier number of all RATs. From UE perspective, this is a similar discussion with measurement capability of cell reselection in TS 38.133 Section 4.2.2.1 [2], so we suggest
[bookmark: _Ref24039775]Proposal 3: Define the measurement capability that UE should be able to report for Rel-16 early measurement reporting with similar structure of cell reselection.

We then provide our views on defining applicable requirements for EMR when PCell change occurs while the timer T331 is running. In RAN2 #106 meeting, it is agreed that if the UE receives the early measurement configuration from RRCRelease, this overrides the early measurement configuration provided in SIB:

	· The early measurement configuration can be different between that in RRCRelease and in SIB. If the UE receives the early measurement configuration from RRCRelease, this overrides the early measurement configuration provided in SIB (if any)



If RAN4 agrees to apply the principles of Proposal 2 to specify the requirements of EMR, UE does not have to take care of the restrictions on the number of overlapping/non-overlapping and intra/inter-frequency carriers, so UE can always continue the EMR when UE receives the early measurement configuration from RRCRelease. As for the requirements of EMR when UE receives the early measurement configuration from SIB, considering that there is no timer configured to the UE, we suggest that UE can always restart the EMR after cell re-selection. 
[bookmark: _Ref24039778]Proposal 4: In IDLE/INACTIVE mode CA measurement, UE always continues Rel-16 early measurement reporting for RRCRelease configured MOs when PCell change occurs while the timer T331 is running. Whereas UE always restarts Rel-16 early measurement reporting for SIB configured MOs after cell re-selection.
4	Summary 
In this contribution, we have the following observations:
Observation 1: UE monitors more carriers for LTE IDLE mode CA measurement when one of the serving cell signal quality is no larger than a certain threshold.

And we propose
Proposal 1: For NR IDLE/INACTIVE mode CA measurement, UE monitors less carriers when one of the serving cell signal quality is no larger than a certain threshold and measures more carriers for CA measurement otherwise.
Proposal 2: In IDLE/INACTIVE mode CA measurement, RAN4 to remove the restriction on the number of overlapping/non-overlapping and intra/inter-frequency carriers, only specify the total number of carriers that UE should be able to report for early measurement reporting.
Proposal 3: Define the measurement capability that UE should be able to report for Rel-16 early measurement reporting with similar structure of cell reselection.
Proposal 4: In IDLE/INACTIVE mode CA measurement, UE always continues Rel-16 early measurement reporting for RRCRelease configured MOs when PCell change occurs while the timer T331 is running. Whereas UE always restarts Rel-16 early measurement reporting for SIB configured MOs after cell re-selection.
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