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Introduction 
In 3GPP R-16 technical specifications, idle/inactive measurement is introduced for the enhancements of Carrier Aggregation (CA) and Dual Connectivity [1]. UE may receive idle/inactive measurement configuration via RRCRelease message or broadcasting sytem information and then the UE would perfrom idle/inactive measurmeent during a given measurement duration when the UE is staying in RRC inactive state and RRC idle state. 
Also in 3GPP R-16 specifications, Stand-alone Non-Public Network (SNPN) is supported in TS 38.300 [2]. In [3], a User Equipment (UE) may be requested by Non-Access Stratum (NAS) to implement SNPN selection when the UE is operating in SNPN access mode. Moreover, based on the stage 2 description [2], only NR-NR Dual Connectivity within a single SNPN is supported. So, it is observed that UE operating in SNPN access mode would not be configured with DC configurations other than NR-NR Dual Connectivity. Furthermore, a UE in SNPN access mode may not be configured with E-UTRA frequency carriers for Carrier Aggregation. 
However, due to NG-RAN supports RAN sharing among one and more PLMN, SNPN, or PNI-NPN. A UE operating in SNPN access mode may also receive E-UTRA idle/inactive measurement configuration from the broadcasting SIB11. In addition, the UE may perform E-UTRA idle/inactive measurement and then report the E-UTRA idle/inactive measurement results to the serving cell after the UE moving to RRC Connected state later. Thus, unnecessary UE power consumption and signalling overhead are observed due to the serving RAN could not enhance the UE in SNPN access mode based on the UE’s E-UTRA idle/inactive measurement report.
To solve this issue, we would contribute some proposals from different aspects of idle/inactive measurement. A Change Request (R2-2107504) for TS 38.331 is also proposed accordingly for RAN2 WG’s consideration. 
Discussion
2.1 SNPN & SNPN Access Mode   
In 3GPP R-16 specifications, Stand-alone Non-Public Network (SNPN) is supported [1]. A User Equipment (UE) would be requested by Non-Access Stratum (NAS) to implement SNPN selection when the UE is operating in SNPN access mode. In the SNPN selection process, the Mobile Station shall consider only the access networks of the NG-RAN access technology [2] and related rules are defined in [3]. In Release-16, NG-RAN supports RAN sharing among one and more PLMN, SNPN, or PNI-NPN [1]. In addition, only NR-NR Dual Connectivity within a single SNPN is supported in Rel-16 [1].  Based on the observations above, we can see a UE in SNPN access could not be configured with Dual Connectivity except NR-NR Dual Connectivity configuration. 
Observation#1 Only NR-NR Dual Connectivity is supported when a UE is operating in SNPN access mode. 
2.2 Idle/Inactive Measurement 
  Also in 3GPP R-16 technical specifications, idle/inactive measurements is introduced. A UE may receive idle/inactive measurement configuration via RRCRelease message firstly (with optional UE-specific idle/inactive measurement configuration) and/or one measIdleDuration. Then, when the UE moves to RRC Inactive/Idle state based on the received RRCRelease message, the UE may start idle/inactive measurement by start a timer T331, which the initial value of T331 is decided by the measIdleDuration. In addition, when T331 is running, the UE may also receive and update the 
Table 1 Decision rules for UE to perform E-UTRA Idle/Inactive Measurements [1]
	5.7.8.2a	Performing measurements
When performing measurements on NR carriers according to this clause, the UE shall derive the cell quality as specified in 5.5.3.3 and consider the beam quality to be the value of the measurement results of the concerned beam, where each result is averaged as described in TS 38.215 [9].
While in RRC_IDLE or RRC_INACTIVE, and T331 is running, the UE shall:
1>	perform the measurements in accordance with the following:
2>	if the VarMeasIdleConfig includes the measIdleCarrierListEUTRA and the SIB1 contains idleModeMeasurementsEUTRA:
3>	for each entry in measIdleCarrierListEUTRA within VarMeasIdleConfig:
4>	if UE supports NE-DC between the serving carrier and the carrier frequency indicated by carrierFreqEUTRA within the corresponding entry:
5>	perform measurements in the carrier frequency and bandwidth indicated by carrierFreqEUTRA and allowedMeasBandwidth within the corresponding entry;
5>	if the reportQuantitiesEUTRA is set to rsrq:
6>	consider RSRQ as the sorting quantity;
5>	else:
6>	consider RSRP as the sorting quantity;
5>	if the measCellListEUTRA is included:
6>	consider cells identified by each entry within the measCellListEUTRA to be applicable for idle/inactive mode measurement reporting;
5>	else:
6>	consider up to maxCellMeasIdle strongest identified cells, according to the sorting quantity, to be applicable for idle/inactive measurement reporting;
5>	for all cells applicable for idle/inactive measurement reporting, derive measurement results for the measurement quantities indicated by reportQuantitiesEUTRA;
5>	store the derived measurement results as indicated by reportQuantitiesEUTRA within the measReportIdleEUTRA in VarMeasIdleReport in decreasing order of the sorting quantity, i.e. the best cell is included first, as follows:
6>	if qualityThresholdEUTRA is configured:
7>	include the measurement results from the cells applicable for idle/inactive measurement reporting whose RSRP/RSRQ measurement results are above the value(s) provided in qualityThresholdEUTRA;
6>	else:
7>	include the measurement results from all cells applicable for idle/inactive measurement reporting;



idle/inactive measurement configuration based on the received broadcasting system information (e.g., SIB11, which includes a cell-specific idle/inactive measurement configuration) after (inter-RAT/intra-RAT) cell selection is implemented. Please note, both of the UE-specific or cell-specific idle/inactive measurement configuration may include information about target NR frequency carriers and/or target E-UTRA frequency carriers. The details of idle/inactive measurement configuration update is defined in TS 38.331 [1].
Observation#2 UE may store the idle/inactive measurement configuration received via RRCRelease message or Broadcasting system information, which may include information about target NR frequency carriers and/or target E-UTRA frequency carriers for idle/inactive measurement. 

   Then, UE would perform idle/inactive measurement on the indicated E-UTRA frequency carrier(s) and/or NR frequency carrier(s) based on the stored measIdleCarrierListEUTRA/ measIdleCarrierListNR when the T331 is still running and a certain of pre-requirements are fulfilled. The pre-requirements for a UE to perform idle/inactive measurements are highlighted in the Table 1. For the convenience of discussion, we only highlight the E-UTRA idle/inactive measurements. Please note that similar pre-requirements also apply to the NR idle/inactive measurements (e.g., by replacing NE-DC with NR-DC).
  Based on the Table 1, it is clear that a UE operating in SNPN access mode may camp on a serving gNB which its SIB1 contains idleModeMeasurementsEUTRA. In addition, under RAN sharing scenario, the serving gNB would be shared among one or more PLMN(s)/SNPN(s)/PNI-NPN(s). Then, we can also observe that the UE may also support NE-DC between the serving carrier and the carrier frequency indicated by carrierFreqEUTRA within the corresponding entry because this pre-requirement would be regarded as a requirement about UE capability and it would not be impacted by whether the UE is operating in SNPN access mode or not. Therefore, we can find that a UE operating in SNPN access mode would still perform idle/inactive measurements on E-UTRA frequency carriers (a.k.a. E-UTRA idle/inactive measurement in this paper for the convenience of discussion) even SNPN does not support a UE to implement NE-DC. This issue would happen when a UE (operating in SNPN access mode) is only configured with T331 in RRCRelease message. In this condition, the UE would perform E-UTRA idle/inactive measurement based on the received SIB11 after an intra-RAT cell reselection procedure. From our point of view, E-UTRA idle/inactive measurement in this condition would become unnecessary and it costs unnecessary UE power consumption. 
Observation#3 A UE operating in SNPN access mode would still perform E-UTRA idle/inactive measurements even NE-DC topology is not supported and it would cause unnecessary power consumption to the UE.

In addition, the UE may implement E-UTRA idle/inactive measurement and/or NR idle/inactive measurement based on the received SIB11 and then store the measurement results in VarMeasIdleReport. So, to a UE side, the VarMeasIdleReport may include E-UTRA idle/inactive measurement results and/or NR idle/inactive measurement results. Based on [1], there are two approaches for the UE to transmit idle/inactive measurement report to its serving cell:
A. RRCResumeComplete message 
Serving Cell can request the UE to report idle/inactive measurement report by transmitting the Information Element idleModeMeasurementReq in the RRCResume message to the UE. Then, the UE would set the measResultIdleEUTRA and/or  measResultIdleNR in the RRCResumeComplete message if available in the stored VarMeasIdleReport. 

B. UEInformationResponse message
The UE may firstly include one indicator idleMeasAvailable in a RRCSetupComplete message (as a response of  RRCSetup message received from the serving cell) or in a RRCResumeComplete message (as a response of  RRCResume message received from the serving cell). Then, after the UE moving to RRC Connected state, the serving cell may request idle/inactive measurement report by transmitting UEInformationRequest message with the IE idleModeMeasurementReq. Then, the UE would set the measResultIdleEUTRA and/or measResultIdleNR in the UEInformationResponse message to the serving cell if available in the stored VarMeasIdleReport. 

Therefore, it is possible that the UE (operating in SNPN access mode) would still report measResultIdleEUTRA to the serving cell in both of the approaches even NE-DC is not supported in this condition. So, it may create unnecessary signalling overhead. 
Observation#4 A UE operating in SNPN access mode would still report E-UTRA idle/inactive measurements results to the serving cell even NE-DC is not supported and it would cause unnecessary signalling overhead.
2.3 Proposed Solutions
  To solve the observed problems, we would firstly suggest a UE (in SNPN access mode) should not perform idle/inactive measurement based on the stored measIdleCarrierListEUTRA.
Proposal#1 To avoid UE power consumption caused by the unnecessary E-UTRA idle/inactive measurement, the UE should not perform idle/inactive measurement based on the stored measIdleCarrierListEUTRA when the UE is operating in SNPN access mode. 
  However, please also note that Proposal#1 may not totally solve the signalling overhead issue if the measIdleCarrierListEUTRA is already stored before the UE moves to SNPN access mode. In other words, the UE may perform E-UTRA measurement while the UE is not operating in SNPN access mode and then the UE may move to SNPN access mode when the T331 is still running. It may be a corner case in real implementations. However, such condition is still possible and it would create signalling overhead since there is no clear instruction in [1] about when should a UE delete the stored measResultIdleEUTRA (except UE has reported it to the serving cell). Based on this observation, we propose the Proposal#2: 
Proposal#2 To avoid signalling overhead caused by unnecessary E-UTRA idle/inactive measurement, the UE should not report measResultIdleEUTRA to the serving cell when the UE is operating in SNPN access mode. 

Third, based on the scenario above, we also observe that the running T331 may keep running when the UE moves to SNPN access mode (and vice versa) because there is no clear clue about whether the T331 would be stopped when PLMN selection or SNPN selection is performed on request by NAS (as shown in Table 2). In our understanding, the E-UTRA/NR frequency carriers supported by different network operators may be different. In addition, stop the running T331 when PLMN selection or SNPN selection is performed on request by NAS also helps us solve the observed question. For example, the UE may remove the stored measIdleCarrierListEUTRA when the UE moves to SNPN access mode. Based on this observation, we suggest Proposal#3: 
Table 2 T331 [1]
	Timer
	Start
	Stop
	At expiry

	T331
	Upon receiving RRCRelease message with measIdleDuration
	Upon receiving RRCSetup, RRCResume, RRCRelease with idle/inactive measurement configuration, upon cell selection/reselection to a cell that does not belong to the validityArea (if configured), or upon cell re-selection to another RAT.
	Perform the actions as specified in 5.7.8.3.









Proposal#3 Running T331 should be stopped when PLMN selection or SNPN selection is performed on request by NAS. 

Finally, as shown in Table 3, after T331 expires, it is up to UE implementation whether to continue idle/inactive measurement according to the SIB11. However, based on the same reasons, we suggest RAN2 WG to further restrict E-UTRA idle/inactive measurement when the UE is operating in SNPN access mode. 

Table 3 UE implementations after T331 has expired or stopped.
	[bookmark: _Toc60776988][bookmark: _Toc76423274]5.7.8.3	T331 expiry or stop
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/inactive measurements according to SIB11 and SIB4 configurations or according to E-UTRA SIB5 and E-UTRA SIB24 configurations as specified in TS 36.331 [10] upon inter-RAT cell reselection to E-UTRA, after T331 has expired or stopped.



Proposal#4 The UE operating in SNPN access should not perform E-UTRA idle/inactive measurement after T331 has expired or stopped. 
Technical Specification Change Requests corresponding to Proposal#1 ~ Proposal#4 are provided in the document R2-2107504 for RAN2 WG consideration.
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  In this paper, we have introduced the possible UE power consumption and signalling overhead raised by E-UTRA idle/inactive measurement when the UE is operating in SNPN access mode based on the following observations:  
Observation#1 Only NR-NR Dual Connectivity is supported when a UE is operating in SNPN access mode. 
Observation#2 UE may store the idle/inactive measurement configuration received via RRCRelease message or Broadcasting system information, which may include information about target NR frequency carriers and/or target E-UTRA frequency carriers for idle/inactive measurement. 
Observation#3 A UE operating in SNPN access mode would still perform E-UTRA idle/inactive measurements even NE-DC topology is not supported and it would cause unnecessary power consumption to the UE.
Observation#4 A UE operating in SNPN access mode would still report E-UTRA idle/inactive measurements results to the serving cell even NE-DC is not supported and it would cause unnecessary signalling overhead.

To solve this raised issue, we have proposed the following proposals: 
Proposal#1 To avoid UE power consumption caused by the unnecessary E-UTRA idle/inactive measurement, the UE should not perform idle/inactive measurement based on the stored measIdleCarrierListEUTRA when the UE is operating in SNPN access mode. 
Proposal#2 To avoid signalling overhead caused by unnecessary E-UTRA idle/inactive measurement, the UE should not report measResultIdleEUTRA to the serving cell when the UE is operating in SNPN access mode. 
Proposal#3 Running T331 should be stopped when PLMN selection or SNPN selection is performed on request by NAS. 
Proposal#4 The UE operating in SNPN access should not perform E-UTRA idle/inactive measurement after T331 has expired or stopped. 

Technical Specification Change Requests corresponding to Proposal#1 ~ Proposal#4 are provided in the document R2-2107504 for RAN2 WG consideration.
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