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1. Introduction
In RAN2#105 meeting, RAN2 discussed the early measurement reporting and reached some 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 same time, RAN2 also agreed to have 2 email discussions (#53 and #54) for early measurement reporting about signalling and measurement configuration.
In this paper, we will discuss the measurement configuration and result storage in UE side and the UE behaviour to perform the measurement.
2. Discussion 

In LTE euCA, the idle measurement configuration is configured in SIB5 or RRCConnectionRelease message. The UE will perform idle measurement based on the idle measurement configuration from network. UE will inform network if the idle measurement results available in UE and network indicates idleModeMeasurements = true in SIB2. The network will get the request the UE to report the idle measurement result when UE go in RRC_CONNECTED state.
Idle measurement configuration can be configured by SIB5 or RRCConnectionRelease message and it will be stored in VarMeasIdleConfig and the corresponding measurement results will be stored in VarMeasIdleReport.
When the UE is configured by RRCConnectionRelease message, the UE will clear the two UE variables, VarMeasIdleConfig and VarMeasIdleReport. The the UE will store the new configuration in VarMeasIdleConfig and start T331.
	1>
if the RRCConnectionRelease message includes the measIdleConfig:

2>
clear VarMeasIdleConfig and VarMeasIdleReport;

2>
store the received measIdleDuration in VarMeasIdleConfig;

2>
start T331 with the value of measIdleDuration;

2>
if the measIdleConfig contains measIdleCarrierListEUTRA:

3>
store the received measIdleCarrierListEUTRA in VarMeasIdleConfig;

2>
else:

3>
store the measIdleCarrierListEUTRA received in SIB5 in VarMeasIdleConfig;

2>
start performing idle mode measurements as specified in 5.6.20;


If the UE has the stored VarMeasIdleConfig and can get the E-UTRAN frequency list form SIB5 if E-UTRAN frequency list is not available in VarMeasIdleConfig. 
	1>
if in RRC_IDLE and UE has stored VarMeasIdleConfig and SIB5 includes the measIdleConfigSIB and the UE is capable of IDLE mode measurements for CA:

2>
if T331 is running and VarMeasIdleConfig does not contain measIdleCarrierListEUTRA received from the RRCConnectionRelease message:
3>
store the measIdleCarrierListEUTRA of measIdleConfigSIB within VarMeasIdleConfig;
2>
perform idle mode measurements on supported carriers as specified in 5.6.20;


For early measurment in NR, we should also need the two UE variables, VarMeasIdleConfig and VarMeasIdleReport. It is FFS if it is common for idle and inactive or not. Consider the configuration will cover both NR and MR-DC case, the VarMeasIdleConfig includes E-UTRAN frequency list, NR list and T331 kind of timer. Here we call T331 kind of timer in NR as T331 too.
For idle mode UE and inactive UE, the UE will has one RRC state at one time. So we can not see any requirements to make separate UE variables for idle mode UE and inactive UE respectively. 
Proposal 1: As LTE euCA, introduce two UE variables, VarMeasIdleConfig and VarMeasIdleReport;
The VarMeasIdleConfig includes E-UTRAN frequency list, NR list and T331.
The two UE variables are common for idle mode UE and inactive mode UE.
For early measurment in NR, if the UE get the idle measurment configuraiton in RRCRelease message, the UE will clear all the stored information in VarMeasIdleConfig and VarMeasIdleReport. UE will store E-UTRAN frequency list, NR frequency list and T331 provided by RRCRelease message.

The UE will get the E-UTRAN frequency list and NR frequency list only when the T331 is running and VarMeasIdleConfig does not includes E-UTRAN frequency list and NR frequency list.
Proposal 2: as LTE euCA, UE will clear all the stored information in VarMeasIdleConfig and VarMeasIdleReport and store E-UTRAN frequency list, NR frequency list and T331 provided by RRCRelease message after reception of RRCRelease message contained the idle measurment configuraiton.
Proposal 3: as LTE euCA, UE will store E-UTRAN frequency list, NR frequency list provided by the SIB only when the T331 is running and VarMeasIdleConfig does not includes E-UTRAN frequency list or NR frequency list.
In LTE euCA, the UE will report the idleMeasAvailable indication in RRCConnectionSetupComplete and RRCConnectionResumeComplete message of the UE has IDLE mode measurement information available in VarMeasIdleReport and the SIB2 contains idleModeMeasurements.
	4>
if the SIB2 contains idleModeMeasurements, and the UE has IDLE mode measurement information available in VarMeasIdleReport:

5>
include the idleMeasAvailable;


For NR, we can resume the LTE euCA mechanism to report the measurment report. We should aslo need to introduce the idleModeMeasurements in SIB, e.g. SIB1. The UE will also report the idleMeasAvailable indication in RRCSetupComplete and RRCResumeComplete message. Then the network will request the UE to report the measurement results in VarMeasIdleReport.

Proposal 4: as LTE euCA, introduce the idleModeMeasurements indication in SIB, e.g. SIB1 in NR.

Proposal 5: as LTE euCA, the measurment results is reported based on network request. UE will inlcude the idleMeasAvailable indication in RRCSetupComplete and RRCResumeComplete message.

In LTE euCA, the UE will perform the idle measurement only when T331 is running. Based on some conditions, the UE will not perfrom the meausrment.
(1) Only perform measurements in the carrier frequency if UE supports carrier aggregation between serving carrier and the carrier frequency.
(2) UE is not required to perform idle measurements if SIB2 idle measurement indication is not configured.

(3) UE reselects to a serving cell whose physical cell identity does not match any entry in validityArea for the corresponding carrier frequency.
	While T331 is running, 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 and bandwidth indicated by carrierFreq and allowedMeasBandwidth 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 UE measurement procedures in IDLE mode. How the UE performs measurements in IDLE mode 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 idle measurements if SIB2 idle measurement indication is not configured.
4>
if the measCellList is included:

5>
consider PCell and cells identified by each entry within the measCellList to be applicable for idle mode measurement reporting;

4>
else:

5>
consider PCell and up to maxCellMeasIdle strongest identified cells whose RSRP/RSRQ measurement results are above the value(s) provided in qualityThreshold (if any) to be applicable for idle mode measurement reporting;

4>
store measurement results for cells applicable for idle mode measurement reporting within the VarMeasIdleReport;

3>
else:

4>
do not consider the carrier frequency to be applicable for idle mode measurement reporting;
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;


	The UE shall:

1>
if T331 expires or is stopped:

2>
release the VarMeasIdleConfig;

NOTE:
It is up to UE implementation whether to continue IDLE mode measurements according to SIB5 configuration after T331 has expired or stopped.


For early measurment in NR, it make sense that the UE should perform the idle measurment for one frequency only when the UE support CA or MR-DC between the frequency and the serving frequency.
If SIB idle measurement indication is not configured, we think it makes sense the UE stop measurement, but it is also benefit to suspend the T331. When the UE reselection to a new cell with SIB idle measurement indication configured, then the UE can continue running the T331.
Proposal 6: similar as LTE euCA, the UE should perform the idle measurment for the frequencies in configured frequency list only when the UE support CA or MR-DC between the frequency and the serving frequency.

Proposal 7: If SIB idle measurement indication is not configured, the UE stop measurement and suspend the T331. When the UE reselection to a new cell with SIB idle measurement indication configured, then the UE can continue running the T331.

In LTE euCA, when UE reselects to a serving cell whose physical cell identity does not match any entry in validityArea for the corresponding carrier frequency, UE stop T311, then release the VarMeasIdleConfig and stop measurement. We should note that the validityArea is configured per frequency and one frequency has not a valid area, the UE will release the entire configuration. So we think it is reasonable to configure the validityArea per configuration instead of per frequency. Furthermore, the NR frequency list will be introduced in NR and LTE, so maybe it is benefit to configure the validityArea for E-UTRAN frequency list and NR frequency list respectively. E.g. when UE got to an area without E-UTRAN frequency layer, it is better to make the UE stop the E-UTRAN frequency measurement, but the measurement for NR-Frequency list can continue for NR CA or NR DC purpose.
Proposal 8: configure the validityArea for E-UTRAN frequency list and NR frequency list respectively.
In LTE euCA, the T331 is configured for the entire idle measurement configuration. As discussed above, we think it is benefit to for E-UTRAN frequency list and NR frequency list respectively and the idle measurement configuration can be controlled separately for E-UTRAN frequency list and NR frequency list.

Proposal 9: configure the T331 for E-UTRAN frequency list and NR frequency list respectively.

Proposal 10: when UE reselects to a serving cell which does not belong to validityArea, UE stop corresponding T331 and release coresponding idle meausrment configuration in VarMeasIdleConfig.
3. Conclusions:

We will discuss the measurement configuration and result storage in UE side and the UE behaviour to perform the measurement. We propose:
Proposal 1: As LTE euCA, introduce two UE variables, VarMeasIdleConfig and VarMeasIdleReport;
The VarMeasIdleConfig includes E-UTRAN frequency list, NR list and T331.
The two UE variables are common for idle mode UE and inactive mode UE.
Proposal 2: as LTE euCA, UE will clear all the stored information in VarMeasIdleConfig and VarMeasIdleReport and store E-UTRAN frequency list, NR frequency list and T331 provided by RRCRelease message after reception of RRCRelease message contained the idle measurment configuraiton.
Proposal 3: as LTE euCA, UE will store E-UTRAN frequency list, NR frequency list provided by the SIB only when the T331 is running and VarMeasIdleConfig does not includes E-UTRAN frequency list or NR frequency list.

Proposal 4: as LTE euCA, introduce the idleModeMeasurements indication in SIB, e.g. SIB1 in NR.

Proposal 5: as LTE euCA, the measurment results is reported based on network request. UE will inlcude the idleMeasAvailable indication in RRCSetupComplete and RRCResumeComplete message.

Proposal 6: similar as LTE euCA, the UE should perform the idle measurment for the frequencies in configured frequency list only when the UE support CA or MR-DC between the frequency and the serving frequency.

Proposal 7: If SIB idle measurement indication is not configured, the UE stop measurement and suspend the T331. When the UE reselection to a new cell with SIB idle measurement indication configured, then the UE can continue running the T331.

Proposal 8: configure the validityArea for E-UTRAN frequency list and NR frequency list respectively.
Proposal 9: configure the T331 for E-UTRAN frequency list and NR frequency list respectively.

Proposal 10: when UE reselects to a serving cell which does not belong to validityArea, UE stop corresponding T331 and release coresponding idle meausrment configuration in VarMeasIdleConfig..
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