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1 Introduction
In this contribution, we would like to discuss the Idle/Inactive mode procedures for Non-Public Network (NPN). The NPN can be deployed as stand-alone NPN (SNPN) or public network integrated NPN (PNI-NPN). In this paper, we firstly discuss the impacts of NPN on Inactive mode, and then cell reselection, Unified Access Control and paging in NPN are also discussed.
2 Discussion
2.1 Support of Inactive mode for NPN
In Rel-15, RRC_INACTIVE state was introduced to support fast state transition to RRC_CONNECTED. This can be beneficial for reducing signalling overhead and latency compared with the state transition from RRC_IDLE to RRC_CONNECTED. 
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Fig. 1 state transition from inactive to active
SNPN/CAG networks are typically deployed for private areas, e.g. factories, office buildings. When there is no on-going service, the network will configure the UE to enter RRC_IDLE mode, which brings considerable signalling overhead. Given the large amount of SNPN/CAG UEs, the signalling overhead caused by state transition is even more significant.

Moreover, SNPN/CAG capable UEs can be MTC equipment in the factory or common smart phones. It is intuitive to expect less latency upon transition to active to transmit required traffics in time. This is also aligned with the purpose of introducing RRC_INACTIVE state in Rel-15 for PLMN network. 

Based on the above analysis, we’d like to give the following proposal:

Proposal 1: RRC_INACTIVE is supported for both SNPN and CAG networks.

2.2 Mobility for idle and inactive in NPN 

As stated above, for SNPN/CAG, it is possible to support RRC_INACTIVE state. For Inactive UE, it can be configured with RNA in which the UE will maintain in RRC_INACTIVE. It is necessary to discuss the UE behaviour regarding cell reselection between SNPNs and PLMNs/ SNPNs and between CAGs and PLMNs/CAGs.
2.2.1 Mobility between SNPNs and PLMNs/SNPNs/CAGs for Inactive UEs
 As specified by SA2 [5], access to PLMN services via SNPN, and access to SNPN services via PLMN are supported. The procedures are summarized as follows,

· To access PLMN services, a UE that has successfully registered with an SNPN may perform another registration via the SNPN with a PLMN (using the credentials of that PLMN). At this time, the UE has PLMN PDU session(s) which is supported by a SNPN PDU session, and the UE may also have other SNPN PDU sessions. That is, the UE has registered with both PLMN and SNPN simultaneously.
· To access SNPN services, a UE that has successfully registered with a PLMN may perform another registration via the PLMN with an SNPN (using the credentials of that SNPN). At this time, the UE has SNPN PDU session(s) which is supported by a PLMN PDU session, and the UE may also have other PLMN PDU sessions. That is, the UE has registered with both PLMN and SNPN simultaneously.
In RAN#107 meeting, it was agreed that:
Once the UE has selected an SNPN, cell selection/re-selection is only performed within the SNPN, i.e. a cell is only considered suitable if the broadcasted SNPN identifier matches the selected SNPN.

Although the cell reselection between different SNPNs, or between SNPN and PLMN/CAGs are not supported, it is possible that the Inactive UE operating in SNPN mode can move into other network(s), e.g. different SNPN(s), PLMN(s) or CAG(s). Currently, when an RRC_INACTIVE UE moves from SNPN to PLMN/CAG, or moves to a different SNPN, it will go to RRC_IDLE and perform cell selection.

However, in some scenarios, there could be some possible benefits to maintain the UE in Inactive state of the source network. For example, in the aforementioned scenarios where UE needs to register with both PLMN and SNPN simultaneously after moving between SNPN and PLMN, the UE can resume the connection to the source network via the target network quickly without performing registration and authentication again with the source network. As another example, the UE may move back to the source network subsequently. Then the UE can resume the connection in the source network quickly. Based on discussions above, RRC_INACTIVE UE could maintain in Inactive state upon moving between SNPNs and PLMNs. Similarly, the Inactive state can be also kept for the RRC_INACTIVE UE upon moving between SNPNs and SNPNs/CAGs.

Proposal 2: RAN2 to decide whether RRC_INACTIVE UE could maintain in Inactive state in source network upon moving between SNPNs and PLMNs, between different SNPNs, or between SNPNs and CAGs.

2.2.2 Mobility between CAGs and PLMNs/CAGs for Inactive UEs
CAG networks can be deployed by PLMN operators.  The CAG ID broadcast in the cell is only used to control the accesses of the UEs. 
In RAN2#107 meeting, it was agreed that:
The Allowed CAG list and “CAG only” indication received from upper layers are taken into account in the cell suitability check during cell selection/re-reselection.
It is described in TS 23.501 that if the CAG-only indication is set, the UE can only support cell-reselection among allowed CAGs. Otherwise, the UE can support reselection to both PLMN and CAG cells: 
	To support CAG, the UE may be pre-configured or  (re)configured with the following CAG information, included in the subscription as part of the Mobility Restrictions:

-
an Allowed CAG list i.e. a list of CAG Identifiers the UE is allowed to access; and

-
optionally, a CAG-only indication whether the UE is only allowed to access 5GS via CAG cells (see TS 38.304 [50] for how the UE identifies whether a cell is a CAG cell);


The Allowed CAG list can include one or multiple CAG ID(s). Correspondingly, the UE can support (re-)selection between CAGs included in the Allowed CAG list. 
Observation 1: The following cell reselection cases for CAG are supported:

· between allowed CAGs if the CAG-only indication is set;

· between PLMNs and allowed CAGs if the CAG-only indication is not set.
For inactive UE, it can perform cell reselection between PLMNs and CAGs if the CAG-only indication is not set, or between CAGs in the Allowed CAG list if the CAG-only indication is set. Besides, the Connected mode mobility is also supported between PLMNs and CAGs or between different CAGs, as specified below in SA2 [5].
	-
During connected mode mobility procedures:

-
Based on the Mobility Restrictions received from the AMF:

-
Source NG-RAN shall not handover the UE to a target NG-RAN node if the target is a CAG cell and none of the CAG Identifiers supported by the CAG cell are part of the UE's Allowed CAG list;

-
Source NG-RAN shall not handover the UE to a non-CAG cell if the UE is only allowed to access CAG cells;


Consequently, it is a straightforward understanding to support the Retrieve UE Context procedure for Inactive mode mobility between PLMNs and CAGs or between different CAGs. 

Taking the above analysis into consideration, the Inactive UE can maintain in RRC_INACTIVE during cell reselection between PLMNs and CAGs or between different CAGs. 

Proposal 3: RRC_INACTIVE UE maintains in Inactive state upon cell reselection between PLMNs and allowed CAGs or between different allowed CAGs.
2.2.3 Cell Reselection Priority for CAG
For CSG in LTE, the camping and access to the CSG cell is controlled based on the UE’s subscription. From the access permission perspective, it is worth noting that the CSG in LTE is similar to CAG in NR. 

The cell reselection procedures for CSG cells are described in TS 36.304 as below:

· Cell reselection from a non-CSG cell to a CSG cell

	If the UE detects one or more suitable CSG cells on different frequencies, then the UE shall reselect to one of the detected cells irrespective of the frequency priority of the cell the UE is currently camped on, if the concerned CSG cell is the highest ranked cell on that frequency.

If the UE detects a suitable CSG cell on the same frequency, it shall reselect to this cell as per normal reselection rules (5.2.4.6.).

If the UE detects one or more suitable CSG cells on another RAT, the UE shall reselect to one of them according to TS 25.304 [19].


· Cell reselection from a CSG cell
	While camped on a suitable CSG cell, the UE shall apply the normal cell reselection rules as defined in subclause 5.2.4.

To search for suitable CSG cells on non-serving frequencies, the UE may use an autonomous search function. If the UE detects a CSG cell on a non-serving frequency, the UE may reselect to the detected CSG cell if it is the highest ranked cell on its frequency.

If the UE detects one or more suitable CSG cells on another RAT, the UE may reselect to one of them if allowed according to TS 25.304 [19].


When reselecting from PLMN to CSG, the UE shall reselect to one of the detected cells irrespective of the frequency priority if the concerned CSG cell is the highest ranked cell on that frequency. In the NPN email discussion on CSG, there is also some discussion on whether the frequency layer of a CAG cell on which the UE is camped should be given the highest priority.
In other words, some modification could be made on the normal cell reselection rules. From our perspective, the cell re-reselection needs to take many aspects into account, e.g. cell quality, CAG ID, slicing, frequency priorities etc. When CAG is involved, the cell re-selection rule could be in favor of CAG cells included in UE’s allowed CAG list, or in favor of all CAG cells when the CAG-only indication is set.
Proposal 4: RAN2 to consider prioritizing CAG cells in terms of cell re-selection.
2.3 Access control for NPN
2.3.1 Access Control for SNPN
As described in TS 23.501, in order to prevent access to SNPNs for authorized UE(s) in case of network congestion/overload, Unified Access Control information is configured per non-public network (i.e. as part of the subscription information that the UE has for a given non-public network). To identify a SNPN cell, both PLMN ID and SNPN ID are broadcast. Currently, the Rel-15 UAC is configured in the granularity of PLMN(s). This cannot distinguish the access of different SNPN ID. To better control the access of UEs from multiple SNPNs, it is desirable to consider the SNPN specific access control. 
As for the detailed solutions on the introduction of SNPN based UAC, here are two possible options:

Option 1: SNPN ID based UAC, independent from PLMN ID based UAC

In this way, separate SNPN ID based UAC is introduced. When operating in SNPN mode, the UE performs access barring check for an access attempt at least based on the SNPN ID based UAC. The public UEs will perform the access barring check based on the legacy PLMN ID based UAC while the SNPN UEs performs the access barring check based on the corresponding SNPN ID based UAC and ignores the Rel-15 uac-BarringPerPLMN-List.
Besides, the SNPN UEs can perform access barring check based on both PLMN ID based UAC and SNPN ID based UAC. That is, the UAC for UEs operating in SNPN mode will be performed twice. If one of the UAC check fails (i.e. the UE is barred), the UE cannot access the NPN cell. The advantage of this solution is just to add a similar UAC mechanism specific to NPN cells and the current UAC mechanism for normal PLMN cells defined in TS 38.331 remains unchanged. As shown in yellow part, e.g. uac-BarringPerNPN-List should be added in parallel to uac-BarringPerPLMN-List.
    uac-BarringInfo                     SEQUENCE {

        uac-BarringForCommon                UAC-BarringPerCatList    OPTIONAL,   -- Need S

        uac-BarringPerPLMN-List             UAC-BarringPerPLMN-List  OPTIONAL,   -- Need S



uac-BarringPerNPN-List              UAC-BarringPerNPN-List   OPTIONAL,   -- Need S
        uac-BarringInfoSetList              UAC-BarringInfoSetList,

        uac-AccessCategory1-SelectionAssistanceInfo CHOICE {

            plmnCommon                           UAC-AccessCategory1-SelectionAssistanceInfo,

            individualPLMNList                   SEQUENCE (SIZE (2..maxPLMN)) OF UAC-AccessCategory1-SelectionAssistanceInfo

        }          












 OPTIONAL    -- Need S

    }                                                                OPTIONAL,   -- Need R

Option 2: Integrated UAC with PLMN ID and SNPN ID 

In this way, the structure of the UAC related element uac-BarringPerPLMN-List as defined in TS 38.331 will be modified. The green part will be added after the plmn-IdentityIndex as part of the network ID. In this way, there is one set of UAC parameters for each SNPN network identified by PLMN ID and SNPN ID. The SNPN UE performs access barring check based on one set of UAC parameters of its PLMN ID and SNPN ID. The advantage is that only one UAC verification is needed.

UAC-BarringPerPLMN-List information element

-- ASN1START

-- TAG-UAC-BARRINGPERPLMN-LIST-START

UAC-BarringPerPLMN-List ::=         SEQUENCE (SIZE (1.. maxPLMN)) OF UAC-BarringPerPLMN

UAC-BarringPerPLMN ::=              SEQUENCE {

plmn-IdentityIndex                  INTEGER (1..maxPLMN),

npn-IdentityIndex          


INTEGER (1..maxNPN),
    uac-ACBarringListType               CHOICE{

        uac-ImplicitACBarringList           SEQUENCE (SIZE(maxAccessCat-1)) OF UAC-BarringInfoSetIndex,

        uac-ExplicitACBarringList           UAC-BarringPerCatList

    }                                                                                                     OPTIONAL     -- Need S

}

-- TAG-UAC-BARRINGPERPLMN-LIST-STOP

-- ASN1STOP

Proposal 5: RAN2 to consider the following two options for UAC of SNPN:

· Option 1: SNPN ID based UAC, independent from PLMN ID based UAC;

· Option 2: Integrated UAC with PLMN ID and SNPN ID
2.3.2 Access Control for CAG
In SA2, it was agreed that [5]:

	11.
In order to prevent access to NPNs for authorized UE(s) in case of network congestion/overload and if a dedicated S-NSSAI has been allocated for an NPN, the Unified Access Control can be used using the operator-defined access categories with access category criteria type (as defined in TS 24.501 [47]) set to the S-NSSAI used for an NPN.


Therefore, the current PLMN ID based UAC can be reused for CAG taking operator-defined access categories into consideration. This can depend on network implementation and has no impact on RAN2.

Observation 2: For the access control of CAG, the existing PLMN ID based UAC can be reused based on the operator-defined access categories.  
In addition, it was agreed in RAN2#107 meeting, there will be at most 12 network IDs broadcast in the mixed network. This can also be applied to limit the total number for the UAC sets. 

Proposal 6: There are at most 12 sets of PLMN ID and SNPN ID based UAC parameters.
2.4 Paging optimization for NPN
Currently, the TA list can include a list of TACs while the RNA is constituted by a list of cells, RANACs or TACs to support different area scopes. Both RANAC and TAC can cover a single or multiple cells. For the RNA configured in the form of cell list, the maximum number of the cells is 32. This will limit the indicated moving area for the inactive UE. To cover a larger area, RNA can be configured in forms of RANAC or TAC list, which is also helpful in reducing the signalling overhead in covering the same area compared with the cell list configuration.

As stated in previous section, the SNPN/CAG UEs can only camp on the related cells with subscription. For SNPN/CAG networks, the cell will broadcast the SNPN/CAG IDs to which the cell belongs. In this way, the SNPN/CAG UEs can read the SNPN/CAG ID in the system information, compare the received SNPN/CAG IDs with the configured ones and decide whether to camp on. 

In other aspects, in the SNPN/CAG network, it is possible that one SNPN/CAG ID will contain one or multiple cells. To some extent, the SNPN/CAG ID is similar to the TAC/RANAC. From this point of view, SNPN/CAG IDs can also be viewed as identifiers to identify one geography area like RANAC and TAC. 

Observation 3: SNPN/CAG IDs can be used to identify one or multiple cells.
In the context of the above analysis, to identify the network and reduce the signalling overhead for SNPN/CAG UEs, it is expected to introduce SNPN/CAG ID in the TA list and RNA configuration, e.g. SNPN/CAG ID list as another alternative.

Proposal 7: SNPN/CAG IDs can be introduced as an option for TA list and RNA configurations.
In the NPN email discussion on SIB1 design, it was discussed whether to include TAC, RANAC and cell ID fields in addition to PLMN-ID and NID or CAG ID. Currently, the above fields are deployed per PLMN or per PLMN set. Whether to apply different or unique identifiers to the above fields between PLMN and NPNs can depend on network implementation.
For UEs operating in SNPN mode and CAG-only UEs, the paging area configuration, e.g. TA list or RNA, can naturally be applied to the SNPN or CAG networks. For the CAG capable UE with the CAG-only indication not set, the paging area configuration can generally include both CAG and PLMN cells. We believe that it makes sense for the network to flexibly configure the paging area with one kind of network, e.g. PLMNs or CAGs. Therefore, it is desirable to indicate the applied networks for the configured paging area.
Proposal 8: For UEs supporting both PLMNs and CAGs, the TA list or RNA can be configured for PLMN-only, CAG-only and both.
3 Conclusion
In this paper, we have discussed the idle and inactive mode procedures of Non-Public Network (NPN). We have the following observations and proposals:
Observation 1: The following cell reselection cases for CAG are supported:

· between allowed CAGs if the CAG-only indication is set;

· between PLMNs and allowed CAGs if the CAG-only indication is not set.
Observation 2: For the access control of CAG, the existing PLMN ID based UAC can be reused based on the operator-defined access categories.  
Observation 3: SNPN/CAG IDs can be used to identify one or multiple cells.
Proposal 1: RRC_INACTIVE is supported for both SNPN and CAG networks.

Proposal 2: RAN2 to decide whether RRC_INACTIVE UE could maintain in Inactive state in source network upon moving between SNPNs and PLMNs, between different SNPNs, or between SNPNs and CAGs.

Proposal 3: RRC_INACTIVE UE maintains in Inactive state upon cell reselection between PLMNs and allowed CAGs or between different allowed CAGs.
Proposal 4: RAN2 to consider prioritizing CAG cells in terms of cell re-selection.
Proposal 5: RAN2 to consider the following two options for UAC of SNPN:

· Option 1: SNPN ID based UAC, independent from PLMN ID based UAC;

· Option 2: Integrated UAC with PLMN ID and SNPN ID
Proposal 6: There are at most 12 sets of PLMN ID and SNPN ID based UAC parameters.
Proposal 7: SNPN/CAG IDs can be introduced as an option for TA list and RNA configurations.
Proposal 8: For UEs supporting both PLMNs and CAGs, the TA list or RNA can be configured for PLMN-only, CAG-only and both.
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