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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For idle/inactive in NPN, several FFS were left for further study. In this contribution, we try to address the open issues for idle/inactive and give our solutions.
Discussion
0. [bookmark: OLE_LINK11][bookmark: OLE_LINK10]Common Issues for Idle and Inactive
In LTE, RAN2 introduced PCI range feature for intra-frequency carrier, based on which UE may skip some cells during neighbor cell detection procedure. This feature is beneficial for UE power saving purpose.
In NR, companies also find the benefit to introduce the same mechanism, so during RAN2#107bis meeting, RAN2 agreed the following agreement [1]:
The PCI list of CAG cells can optionally be signalled to UEs. FFS on details of the list

In RAN2#107bis meeting, we also had the following FFS [1]:
FFS whether PCI range of SNPN cells can optionally be signalled to UEs.
In CAG discussion, we agreed that the PCI list of CAG cells can optionally be signalled to UEs, which follows the way we do in LTE. We think we can follow the same way to assist UEs to skip some cells during neighbor cell measurements procedure even for SNPN case.
Proposal 1: PCI range of SNPN cells can optionally be signalled to UEs.
The next question is that what the granularity is to signal the PCI list to UEs. We think at least three options are on the table, which is given below:
Option1: PCI-range signalled to UEs is defined as the legacy way, e.g. a single PCI list is signalled to UEs without any info associated to NPN ID/NPN type.
For this option, the benefit is limited. UEs can’t differentiate whether the PCI list is reserved for SNPN only or CAG only or both. 
Option2: PCI-range signalled to UEs is defined per NPN type, e.g. PCI-range signalled to UEs is indicated separately for SNPN/PNI-NPN;
In this option, the network could give the PCI-range for SNPN/PNI-NPN separately. Each PCI-range only indicates the SNPN/PNI-NPN only cells, i.e. the sharing cell of NPN and normal PLMN cannot be included in the PCI-range. After receiving the PCI-range, the PLMN only UEs can avoid to detect the cells in such range. If a cell is shared by SNPN and PNI-NPN, the PCI of the cell can be included in both PCI-ranges.
Option3: PCI-range signalled to UEs is defined per NPN ID;
In LTE, only one CSG is deployed per cell, there is no need to define the PCI list per CSG. But for NR, at most 12 CAG ID can be deployed per cell. Different PCI range may be reserved for different CAG ID especially for TDD scenario. 
The three options listed above have different complexities, and which one is preferable depends on the operator’s deployment implementation.
Proposal 2: RAN2 to discuss which PCI range design option is more desirable:
Option1: PCI-range signalled to UEs is defined as the legacy way, e.g. a single PCI list is signalled to UEs without any info associated to NPN ID/NPN type.
Option2: PCI-range signalled to UEs is defined per NPN type, e.g. PCI-range signalled to UEs is indicated separately for SNPN/PNI-NPN;
Option3: PCI-range signalled to UEs is defined per NPN ID;
In the current spec, NPN capable UEs have to measure all the frequencies broadcasted in the system information as there is no NID/CAG ID or network type info for each inter-frequency carrier. UE can only find whether a cell is suitable or not by checking the SIB1 of the target cell, which may cause additional measurement delay and power consumption. 
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Observation 1: In RAN sharing scenario, it’s possible that the frequency configured in SIB4 may belong to different NPN network. UE needs to measure all the frequencies broadcasted in system information as there is no NID/CAG ID or network type info for each inter-frequency carrier, which will cause additional measurement delay and power consumption.
So we think it’s beneficial for the network to broadcast the supported NID/CAG ID or network type indicator along with the inter-frequency carrier info in SIB4.
Proposal 3: Broadcast the supported NID/CAG ID or network type indicator along with the inter-frequency carrier info in SIB4.
In RAN2#108 meeting, we made the following agreements [2]:
Agreements:
1. Allow autonomous cell search even in situations when frequency priorities are broadcast in system information.
2. UE follows dedicated frequency priorities as in legacy behaviour. If UE run autonomous cell search and at the same time have dedicated frequency priorities, the result from autonomous cell search should not go against that indicated by dedicated frequency priorities (when they are valid).
Agreement 2 above only covers the case when there is a frequency priorities collision between the dedicated frequency and the frequency detected by autonomous search. But from agreement 1, we don’t know which frequency UEs will follow when the frequency detected by autonomous search is not included in the frequencies broadcast in system information. 
In the current spec, the broadcast frequency priority info is common for all type of UEs to control the idle/inactive mobility no matter the UE is capable of NPN or not. The issue is that the wanted frequencies for NPN only UEs and for PLMN only UEs may be quite different. If the network wants to control the mobility behavior separately for different type of UEs, the network has to broadcast lots of frequency info along with the priority info. But the NPN only UEs can’t filter any frequency as it’s impossible to know which frequency is PLMN only frequency. So in order to control the mobility behavior separately for different type of UEs as well as limiting the measurements object for both NPN only UEs and PLMN only UEs. It’s beneficial to broadcast two sets of common frequency priority info, one set is for NPN capable UEs, the other set is for PLMN only UEs.
Proposal 4: Broadcast two sets of common frequency priority info in system information, e.g. one set for NPN capable UEs, the other set for PLMN only UEs. 
Another issue is about the ASN structure for cellReservedForOperatorUse. In stage 3 running CR, RAN2 think for SNPN, cellReservedForOperatorUse is configured per SNPN, while for CAG, cellReservedForOperatorUse is configured per PLMN.
Proposal 5: RAN2 confirm that For SNPN, cellReservedForOperatorUse is configured per SNPN, while for CAG, cellReservedForOperatorUse  is configured per PLMN.
0. Inactive Specific Issues
Inactive mode is beneficial for reducing connection setup delay. We think this feature is also valuable for delay sensitive service in NPN network.
Proposal 6: RRC_INACTIVE state is supported for SNPN and CAG. 
But there is a little difference between SNPN and CAG when supporting RRC_INACTIVE state. For SNPN, each SNPN network is independent with other SNPN network, SNPN selection functions similar to normal PLMN selection: AS reports the found SNPNs (identified by PLMN ID + NID) to NAS which selects the network. More addition, EPLMN is not supported for SNPN, so we think the inactive mode UE shall go to idle if UE reselects to a different SNPN.
Proposal 7: For SNPN network, inactive mode UE shall go to idle if UE selects to a cell belonging to a different SNPN network than the registered SNPN.
For CAG, CAG capable UE will maintain an allowed CAG list and CAG-only indication in NAS after registration. UE with CAG-only indication set to ‘true’ can’t get normal service if camping on a normal PLMN cell, so in this case, UE can’t stay in inactive state. We think the network shall not configure a normal PLMN cell in UE specific ran-NotificationAreaInfo configuration if the UE CAG-only indication is set to ‘true’.
Proposal 8: For CAG network, a normal PLMN cell shall not be configured in UE specific ran-NotificationAreaInfo configuration if the UE CAG-only indication is set to ‘true’.
As for UE with CAG-only indication set to ‘false’, UE can camp normally on a cell if at least one CAG ID with the associated PLMN ID of the checking cell is included in the UE’s Allowed CAG list, or at least one normal PLMN ID of the checking cell could be selected by the UE for normal service. We think it’s possible that a normal PLMN cell is included in UE specific ran-NotificationAreaInfo configuration if the UE CAG-only indication is set to ‘false’. 
Proposal 9: For CAG network, it’s possible that a normal PLMN cell is included in UE specific ran-NotificationAreaInfo configuration if the UE CAG-only indication is set to ‘false’.
For CAG network, we think UE in inactive state can keep in inactive state if at least one CAG ID with the associated PLMN ID of the selected cell is included in the UE’s Allowed CAG list during cell reselection procedure.
Proposal 10: UE in inactive state can keep in inactive state if at least one CAG ID with the associated PLMN ID/EPLMN ID of the selected cell is included in the UE’s Allowed CAG list during cell reselection procedure.
In RAN2#107 meeting, RAN2 made the following agreement for manual CAG/SNPN selection [3]:
1	SNPN selection functions similar to normal PLMN selection: AS reports the found SNPNs (identified by PLMN ID + NID) to NAS which selects the network. In case of manual selection, the human readable network name (if broadcasted) may also be provided from AS to NAS.
2    Network selection is triggered by NAS whereby AS reports the available PNI-NPNs (identified by PLMN ID + CAG ID) to NAS which selects the network to use. In case of manual network selection, the human readable network name (if broadcasted) may also be provided from AS to NAS.
For manual network selection, the human readable network name (if broadcasted) may also be provided from AS to NAS. But the question is that how the UE will know itself in manual network selection mode or in automatic network selection mode. When UE is in automatic network selection mode, it’s not necessary for AS to provide the human readable network name (if broadcasted) to NAS. 
In LTE, this is no on-demand SI, the UE AS should provide the received human readable network name (if broadcasted) to NAS immediately once received. So it’s not necessary for the UE AS to know it’s in manual network selection mode or in automatic network selection mode. But in NR, the human readable network name may be provided by the network on-demand. Extra SI request may be triggered by UE AS if the UE AS doesn’t know it’s in manual network selection mode or in automatic network selection mode.
Observation 2: Manual network selection mode is invisible for UE AS before UE NAS informs the manual selected CAG/SNPN ID to UE AS, UE AS may trigger the SI request procedure for the human readable name even if the UE is in automatic network selection mode.
Proposal 11: Send an LS to SA2 to ask whether there is any mechanism that can make the manual network selection mode visible to UE AS before UE NAS informs the manual selected CAG/SNPN ID to UE AS.
The UE mobility direction is unpredictable from network side, so it’s useless to include SNPN ID or CAG ID in the UE specific ran-NotificationAreaInfo configuration as anyway the UE should check the NPN capable info of the target cell by reading SIB1. 
Proposal 12: SNPN ID or CAG ID should not be included in UE specific ran-NotificationAreaInfo configuration.
0. Manual CAG/SNPN Selection Issues
Manual CAG selection is supported for PNI-NPN from NAS specification [4]:
	[bookmark: _Toc20125211]4.4.3.1.2	Manual Network Selection Mode Procedure
Upon selection of a PLMN (and CAG-ID if the user selected his desired CAG-ID as well) by the user, the MS initiates registration on this PLMN (and CAG-ID if the user selected his desired CAG-ID as well)


[bookmark: OLE_LINK87]Observation 3: Manual CAG selection feature is supported in NAS specification and this feature has impact on RAN2.
In RAN2#108 meeting, the following agreements were made for manual selection [2]:
Agreements:
1. Add the following note in TS 38.304 :
NOTE:	UE is not required to support manual search and selection of PLMN or CAG or SNPN while in RRC CONNECTED state. The UE may use local release of RRC connection to perform manual search if it is not possible to perform the search while RRC connected.
2.	In the UE on request of NAS, the AS shall scan all RF channels in the NR bands according to its capabilities to find available CAGs. On each carrier, the UE shall at least search for the strongest cell, read its system information and report available CAG ID(s) together with their HRNN (if broadcast) and PLMN(s) to the NAS. The search for available CAGs may be stopped on request of the NAS. 
	If NAS has selected a CAG and provided this selection to AS, the UE shall search for an acceptable or suitable cell belonging to the selected CAG to camp on.
At the moment, RAN2 agreed the manual CAG selection is not supported in RRC_CONNECTED, but for RRC_IDLE/RRC_INACTIVE, If NAS has selected a CAG and provided this selection to AS, the UE shall search for an acceptable or suitable cell belonging to the selected CAG to camp on. But there still has two questions:
Question1: Can the UE keep the manual selection mode from RRC_IDLE/RRC_INACTIVE to RRC_CONNECTED even if the manual CAG selection is not supported in RRC_CONNECTED?
Based on agreement 1 above, RRC_CONNECTED UE can’t trigger manual CAG selection itself, but if the result of manual CAG selection is visible by the network, like manual PLMN selection procedure, the result of manual PLMN selection is visible by the network, the UE can keep in manual CAG mode implicitly as the network can control the UE mobility based on UE restriction list in which the manual CAG information is included. So more clarification is still needed on whether the result of manual CAG selection is visible by the network.
Proposal 13: Send LS to SA2 on whether the result of manual CAG selection in NAS is visible by the network.
Question2: What’s the UE behavior if the UE AS layer can’t find a cell which broadcasts the manual selected CAG ID?
For question2, we think the UE AS layer should inform the NAS layer if UE can’t find any cell which broadcasts the manual selected CAG ID as the change of manual selection object should be controlled by NAS.
Proposal 14: For RRC_IDLE/RRC_INACTIVE UE in manual CAG/SNPN mode, the UE AS should inform the NAS if UE AS can’t search for an acceptable or suitable cell belonging to the selected CAG/SNPN.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we propose:
Proposal 1: PCI range of SNPN cells can optionally be signalled to UEs.
Proposal 2: RAN2 to discuss which PCI range design option is more desirable:
Option1: PCI-range signalled to UEs is defined as the legacy way, e.g. a single PCI list is signalled to UEs without any info associated to NPN ID/NPN type.
Option2: PCI-range signalled to UEs is defined per NPN type, e.g. PCI-range signalled to UEs is indicated separately for SNPN/PNI-NPN;
Option3: PCI-range signalled to UEs is defined per NPN ID;
Observation 1: In RAN sharing scenario, it’s possible that the frequency configured in SIB4 may belong to different NPN network. UE needs to measure all the frequencies broadcasted in system information as there is no NID/CAG ID or network type info for each inter-frequency carrier, which will cause additional measurement delay and power consumption.
Proposal 3: Broadcast the supported NID/CAG ID or network type indicator along with the inter-frequency carrier info in SIB4.
Proposal 4: Broadcast two sets of common frequency priority info in system information, e.g. one set for NPN capable UEs, the other set for PLMN only UEs.
Proposal 5: RAN2 confirm that For SNPN, cellReservedForOperatorUse is configured per SNPN, while for CAG, cellReservedForOperatorUse  is configured per PLMN.
Proposal 6: RRC_INACTIVE state is supported for SNPN and CAG. 
Proposal 7: For SNPN network, inactive mode UE shall go to idle if UE selects to a cell belonging to a different SNPN network than the registered SNPN.
Proposal 8: For CAG network, a normal PLMN cell shall not be configured in UE specific ran-NotificationAreaInfo configuration if the UE CAG-only indication is set to ‘true’.
Proposal 9: For CAG network, it’s possible that a normal PLMN cell is included in UE specific ran-NotificationAreaInfo configuration if the UE CAG-only indication is set to ‘false’.
Proposal 10: UE in inactive state can keep in inactive state if at least one CAG ID with the associated PLMN ID/EPLMN ID of the selected cell is included in the UE’s Allowed CAG list during cell reselection procedure.
Observation 2: Manual network selection mode is invisible for UE AS before UE NAS informs the manual selected CAG/SNPN ID to UE AS, UE AS may trigger the SI request procedure for the human readable name even if the UE is in automatic network selection mode.
Proposal 11: Send an LS to SA2 to ask whether there is any mechanism that can make the manual network selection mode visible to UE AS before UE NAS informs the manual selected CAG/SNPN ID to UE AS.
Proposal 12: SNPN ID or CAG ID should not be included in UE specific ran-NotificationAreaInfo configuration.
Observation 3: Manual CAG selection feature is supported in NAS specification and this feature has impact on RAN2.
Proposal 13: Send LS to SA2 on whether the result of manual CAG selection in NAS is visible by the network.
Proposal 14: For RRC_IDLE/RRC_INACTIVE UE in manual CAG/SNPN mode, the UE AS should inform the NAS if UE AS can’t search for an acceptable or suitable cell belonging to the selected CAG/SNPN.
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