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1. Introduction
The WID on Non Public Network (NPN) was approved during RAN#83 meeting [1]. In SA2 [2], the NPN can mainly be supported in two solutions. One is stand-alone non-public network (SNPN), which is independent of PLMN operators with dedicated RAN and CN networks. The other is public network integrated non-public network (PNI-NPN, aka Closed Access Group (CAG) in this paper), which is deployed as part of public networks. 

In this paper, we will give our considerations on the support of RRC_INACTVE state and possible cell reselection for inactive UE(s) between PLMN and SNPN/CAG.

2. Discussion

2.1 Inactive mobility between PLMNs and SNPNs or SNPNs

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 than the state transition from idle to active. 
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Fig. 1 state transition from inactive to active
In SA2, the non-public network (NPN) can be supported in two solutions [2]. One is stand-alone non-public network (SNPN), which is independent of PLMN operators with dedicated RAN and CN networks. The other is public network integrated non-public network (PNI-NPN, aka Closed Access Group (CAG)), which is deployed as part of public networks. SNPN/CAG capable UEs can be allowed to camp on and access the subscribed SNPN/CAG cells and initiate traffic transmission.
For SNPN/CAG networks, they will be deployed for private areas, e.g., factories, office buildings. There will be tremendous UEs camping on the SNPN/CAG. Given that the SNPN/CAG UEs are always configured into idle state upon no service on-going, it will bring signalling overhead in the state transition procedure. Due to the amounts of SNPN/CAG UEs, it will bring inevitably massive signalling overhead. The situation will further degrade the network performance if there are frequent state transitions.

Moreover, SNPN/CAG enable UEs can be MTC equipment in the factory or normal smart phones. It is an intuitive idea to expect less latency upon transition to active to quickly 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 Inactive mobility 
As stated in the above section, for SNPN/CAG, it is possible to support RRC_INACTIVE state. For inactive UE, it can be configured RNA in which the UE will maintain in RRC_INACTIVE if moving within RNA. It is necessary to discuss the UE behaviour upon cell reselection between SNPNs and PLMNs or SNPNs and between CAGs and PLMNs or CAGs.

Inactive mobility between SNPNs and PLMNs or SNPNs

As stated in SA2, SNPN can be deployed with dedicated RAN and CN network. It was suggested to broadcast a special PLMN ID based on MCC 999 for SNPN network. Besides, the SNPN network can be deployed by PLMN operators and utilize the PLMN IDs of the operators. However, when a PLMN operator uses its own PLMN IDs for SNPN(s) along with SNPN ID(s), registration in a PLMN and mobility between a PLMN and an SNPN are not supported using an SNPN subscription given that the SNPNs are not relying on network functions provided by the PLMN.

It was agreed in SA2 [2, 3]:

An SNPN-enabled UE supports the SNPN access mode. When the UE is set to operate in SNPN access mode the UE only selects and registers with SNPNs over Uu as described in clause 5.30.2.4.

If a UE is not set to operate in SNPN access mode, even if it is SNPN-enabled, the UE does not select and register with SNPNs. A UE not set to operate in SNPN access mode performs PLMN selection procedures as defined in in clause 4.4 of TS 23.122 [17].

NOTE 2:
Details of activation and deactivation of SNPN access mode are up to UE implementation.

Based on the above agreements, it can be observed that if the SNPN access mode is set, the UE can only select and register with SNPNs, and otherwise the UE cannot select and register with SNPNs. That is to say, the UE cannot support SNPN and PLMN simultaneously. Therefore, there is no case supporting cell reselection between PLMNs and SNPNs.

Moreover, it is described as follows in the agreed paper by SA2#133 meeting [4],

SNPNs are deployed as stand-alone networks, i.e. neither roaming nor mobility between SNPNs or SNPNs and PLMNs are supported.

It can also be observed that any mobility between CAGs and SNPNs or between different SNPNs are not discussed and supported yet. 

Observation 1: Cell reselection between SNPNs and PLMNs, between different SNPNs or between CAGs and SNPNs are not supported.

As analysed in the above mentioned section, it is worth noting that when the SNPN access mode is set, inactive UE in the PLMN cell will perform network selection to SNPNs, and vice versa. This is also applied for inactive mobility between SNPNs or CAGs and SNPNs. 

Proposal 2: RRC_INACTIVE UE enters idle and initiates registration procedure upon moving between PLMNs and SNPNs, between different SNPNs or between CAGs and SNPNs.

Inactive Mobility between CAGs and PLMNs or CAGs
For CAG network, it can depend on PLMN operators. It is possible for CAG network to share gNB and AMF with PLMN network. The agreements on CAG in SA2 [2] are illustrated as below:

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);

-
For aspects related to cell (re-)selection, see TS 38.304 [50];

Based on the above information, it is known that if the CAG-only indication is not set, the UE can support cell (re-)selection between PLMNs and CAGs. Besides, the UE can be configured with an allowed CAG list including one or multiple CAG IDs. The UE can support (re-)selection between CAGs in the aforesaid list. 

Observation 2: Cell reselection between PLMNs and CAGs or between different CAGs are supported.

Correspondingly, for inactive UE, it can perform cell reselection between PLMNs and CAGs if the CAG-only indication is not set. It can also support cell reselection between different CAGs which are part of the UE’s allowed CAG list and to which the UE is subscribed. 

Besides, the connected mode mobility is also supported between PLMNs and CAGs or CAGs, as illustrated below in SA2.

-
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 the related CAG Identifier is not 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 CAGs or between different CAGs.

3. Conclusion
In this contribution, we discussed the support of RRC_INACTIVE for SNPN and CAG, and analysed the potential cell reselection for RRC_INACTIVE among PLMN and CAG and SNPN. We also provided the following proposals.

Observation 1: Cell reselection between SNPNs and PLMNs, between different SNPNs or between CAGs and SNPNs are not supported.

Observation 2: Cell reselection between PLMNs and CAGs or between different CAGs are supported.

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

Proposal 2: RRC_INACTIVE UE enters idle and initiates registration procedure upon moving between PLMNs and SNPNs, between different SNPNs or between CAGs and SNPNs.

Proposal 3: RRC_INACTIVE UE maintains in inactive state upon cell reselection between PLMNs and CAGs or between different CAGs.
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