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1	Introduction
The Work Item Description for DC and CA enhancements 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:
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
In RAN2#105b, RAN2 made good progress on NR early measurement. In this contribution, we mainly address the following FFS:
[bookmark: _Hlk14375053]Agreements
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.
From the agreements on validity area configured for early measurement, there are still some FFSs listed for some of the topics:
FFS1: whether the early measurement results are available and how to handle the early measurement results when UE moves out of the validity area is unclear.
FFS2: Once UE moves out of the validity area, how to configure and perform early measurement should be further considered.
In this contribution, we mainly discuss these FFSs on early measurement once UE moves out of the validity area.
Discussion 
In LTE Rel-15, a validity area can be optionally configured when performing early measurement to help set up DC/CA. The validity area limits which list of cells to perform early measurement. If validity area is configured, UE only needs to perform early measurement when staying in the valid area. Therefore, when UE moves outside of the configured validity area, UE can stop the T331 and the corresponding early measurement procedure.
5.6.20.2	 Initiation
1>	if validityArea is configured in VarMeasIdleConfig and UE reselects to a serving cell whose physical cell identity does not match any entry in validityArea for the corresponding carrier frequency:
	2> stop T331;

5.6.20.3   T331 expiry or stop
The UE shall:
	1>  if T331 expires or is stopped:
	   2>  release the VarMeasIdleConfig;
Therefore, if UE moves out of the validity area, the validity timer will be stopped and UE release the stored early measurement configuration. However, handling of the measurement results is not mentioned and need to be further researched.
Observation 1: The validity timer is stopped, and the measurement configuration is released when UE reselects to a cell out of the validity area. However, how to handle the early measurement results remain to be further discussed. 
Considering of the concept of validity area, it limits the cell list where UE is required to perform early measurement, which means that the measurement results are only valid and available for cells within the validity area. Therefore, these early measurement results are probably inaccurate and even invalid for cells outside the validity area. If these invalid measurement results are reported to network, it may lead to a suboptimal CA/DC configuration and even failures.
Proposal 1: The early measurement results are invalid and should be released, if UE reselects to a cell out of the validity area. 
In order to reduce setup delay for DC/CA, UE need to perform early measurement using measurement configurations and thus report the early measurement results to help the setup of DC/CA. however, based on the proposal 1, when UE moves out of the validity area, the early measurements configurations are not available. It means that early measurement is not available when UE moves outside the validity area. Therefore, to perform early measurement when outside the validity area, UE should proactively request network for the measurement configurations. 
Observation 2: When UE reselects to a cell out of the validity area, the configurations of the early measurement are released and the early measurement results are invalid and deleted. To perform early measurement, UE should proactively request configurations of early measurement.
Considering the INACTIVE early measurement, the request of measurement configurations can be included in RRCResume request message by modifying some of the IEs. To request for measurement configurations through RRCResume request message, we set the resumeCause as “INACTIVE-Measurement-Configurations” which can be seen as the following. 
RRCResumeRequest message
-- ASN1START
-- TAG-RRCRESUMEREQUEST-START

RRCResumeRequest ::=            SEQUENCE {
        rrcResumeRequest            RRCResumeRequest-IEs
}

RRCResumeRequest-IEs ::=        SEQUENCE {
    resumeIdentity                  ShortI-RNTI-Value,
    resumeMAC-I                     BIT STRING (SIZE (16)),
resumeCause                     ResumeCause,
    spare                           BIT STRING (SIZE (1))
}

ResumeCause ::=             ENUMERATED {emergency, highPriorityAccess, mt-Access, mo-Signalling, mo-Data, mo-VoiceCall, mo-VideoCall, mo-SMS, rna-Update, mps-PriorityAccess, mcs-PriorityAccess,                                                        InativeMeasReq, spare2, spare3, spare4, spare5 }

Therefore, once UE outside the validity area need to perform early measurement, it can proactively sent the modified RRCResume request message to network to request measurement configurations. When receiving the request, network can distribute the measurement configurations through RRCRelease with suspend configuration message (this message can keep UE in RRC_INACTIVE state). The detailed procedure for UE to request INACTIVE measurement configurations is described in Figure 1.


Figure 1: UE proactively request INACTIVE measurement configurations 
[bookmark: _Hlk14387415]Proposal 2: When outside the validity area, UE in INACTIVE can proactively request early measurement configurations through RRCResume request (by modifying the resumeCause of RRCResume request as “InativeMeasReq”), and the early measurement configurations are included in the RRCRelease with suspend message. 
Conclusion
We have discussed the remaining details considering the validity area in early measurements, and observed/proposed the following:
Observation 1: The validity timer is stopped, and the measurement configuration is released when UE reselects to a cell out of the validity area. However, how to handle the early measurement results remain to be further discussed. 
Observation 2: When UE reselects to a cell out of the validity area, the configurations of the early measurement are released and the early measurement results are invalid and deleted. To perform early measurement, UE should proactively request configurations of early measurement.
Proposal 1: The early measurement results are invalid and should be released, if UE reselects to a cell out of the validity area. 
Proposal 2: When outside the validity area, UE in INACTIVE can proactively request early measurement configurations through RRCResume request (by modifying the resumeCause of RRCResume request as “InativeMeasReq”), and the early measurement configurations are included in the RRCRelease with suspend message. 

image1.emf
UE Network

RRC_INACTIVE

RRCResume Request (+to request 

for measurement configurations)

RRC_INACTIVE

RRCRelease with suspend configuration 

(+early measurement configurations)


oleObject1.bin
UE


Network


RRC_INACTIVE


RRCResume Request (+to request for measurement configurations)


RRC_INACTIVE


RRCRelease with suspend configuration (+early measurement configurations)



