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Abstract of the contribution: handling of Mobility Restrictions in super-national cell coverage area.
1. Introduction
Key Issue #10 identifies use cases where satellite access with super-national cell coverage areas would have to meet local regulatory requirements and network operational requirements. This document focuses on the challenges the super-national cell coverage area on ensuring that the UE is registered in a PLMN of the country of the UE location, and predictable behaviour when processing Mobility Restrictions. 
For terrestrial network access, TS 23.122 makes the following definition by mapping “country” to network topological Mobile Country Code, MCC:
Country: A country is identified by a single MCC value, with the exception that MCC values 310 through 316 identify a single country (USA) and MCC values 404 through 406 identify a single country (India).
For all terrestrial networks, and for some satellite network deployments, the coverage area of each cell can be assumed to remain inside one country with reasonable accuracy. The already specified Mobility Restrictions that apply per RAT, per TAI and per PLMN are assumed to be re-used in such configurations. 
This document analyses the use cases and configurations where the coverage area of a single cell can span over the territory of multiple countries, as shown in TR 23.737 Figure 5.10.1-1.


The first goal of the UE network selection procedure is to ensure that the UE is registered in the highest priority PLMN that is available in the UE location. Once the PLMN is selected and the UE attempts registration, Mobility Restrictions may apply within the selected PLMN. 
The network selection procedure will need to meet the following main requirements: 
1. PLMN selection already contains country-specific restrictions
a. For background scanning of higher priority PLMN (+RAT), the UE only considers candidate PLMNs (+RAT) in the same country as the current serving VPLMN.
b. In VPLMN, the UE only considers equivalent PLMNs of the same country as the VPLMN 
2. Mobility Restrictions: RAT restriction inside allowed PLMN
a. Certain RAT Type is not allowed based on subscription
3. Mobility Restrictions: Forbidden Area inside allowed PLMN
a. In a Forbidden Area, the UE, based on subscription, is not permitted to initiate any communication with the network for this PLMN 
4. Mobility Restrictions: Non-Allowed Area inside allowed PLMN
a. UE and the network are not allowed to initiate Service Request or SM signalling (except for PS Data Off status change reporting) to obtain user services (both in CM-IDLE and in CM-CONNECTED states). The UE shall not use the entering of a Non-Allowed Area as a criterion for Cell Reselection, a trigger for PLMN Selection or Domain selection for UE originating sessions or calls. The RRC procedures while the UE is in CM-CONNECTED with RRC Inactive state are unchanged compared to when the UE is in an Allowed Area. The RM procedures are unchanged compared to when the UE is in an Allowed Area. The UE in a Non-Allowed Area shall respond to core network paging or NAS Notification message from non-3GPP access with Service Request and RAN paging.
5. Mobility Restrictions: Core Network type restriction
a. Defines whether UE is allowed to connect to 5GC only, EPC only, both 5GC and EPC for this PLMN. The Core Network type restriction when received applies in the PLMN either to both 3GPP and non-3GPP Access Types or to non-3GPP Access Type only.
6. Mobility Restriction: Closed Access Group information
a. A Closed Access Group identifies a group of subscribers who are permitted to access one or more CAG cells associated to the CAG.
2. Gap Analysis
2.1 PLMN selection
2.1.1 Terrestrial network configuration
Each PLMN is licensed to operate in its home country. In terrestrial networks, this is achieved by radio network planning that keeps the coverage area of each PLMN inside the PLMNs home country with reasonable accuracy. If the UE has roamed to a VPLMN, it will have to limit its background scanning of potential higher priority PLMN (+RAT) to candidate PLMNs of the same country as the current serving VPLMN (TS 23.122 clause 4.4.3.3.1). The UE determines country based on Mobile Country Code (TS 23.122 clause 1.2 and Annex B).
Observation 2.1.1: PLMN selection principles of terrestrial networks can be re-used without change if the satellite coverage area is reasonably well aligned with the country borders.
2.1.2 Super-National cell coverage with MCC = 901
If large coverage area of satellite cell does not respect country borders, then the issues that need to be addressed depend on the use case and configuration of the satellite network as follows. 
If the satellite network is identified as a PLMN of its own under 901 MCC, or if the PLMN code included in the satellite cell SIB is not available as terrestrial PLMN ID in the UE location, then the access control to that PLMN can be done via the existing procedures that allow the selected PLMN to either accept or reject the Registration Request from the UE with appropriate cause value indicating the reason to reject and leading to predictable UE behaviour depending on the cause value. That can be e.g. network indicated cause value “PLMN not allowed” which causes the UE to memorise the forbidden PLMN and to avoid selecting it again in the future (TS 24.501, clause 5.3.13A). 
Observation 2.1.2: PLMN selection principles of terrestrial networks can be re-used without change if the satellite PLMN with super-national coverage area is using dedicated PLMN ID that is not shared with terrestrial PLMNs. 
2.1.3 Super-national cell coverage with MCC = TN MCC
If the satellite network is re-using terrestrial PLMN ID which is a roaming partner of the UEs HPLMN, then the existing PLMN selection rules and the Registration Management procedures in the CN cannot handle the situation correctly, as there is no means to restrict the UE from using VPLMN A of country A in country B or C (see TR 23.737 Figure 5.10.1-1). If the UE is by subscription allowed to access satellite RAT Type, then RAT Restriction will not apply either. 
Observation 2.1.3: PLMN selection principles of terrestrial networks cannot prevent the UE from registering to satellite network of PLMN from country A when the UE is located in country B or C. 
Observation 2.1.4: When the UE that has already registered to a PLMN of the same country as the present UE location moves to another country while remaining under the coverage area of the same serving cell, PLMN selection principles of terrestrial networks do not automatically move the UE to a PLMN of the new UE location country. (defined by MCC). 
2.2 RAT Restriction
The intention of RAT restriction is to determine based on subscription information whether the UE is allowed to access certain RAT Type. It is expected that new RAT Types will be specified for LEO, MEO and GEO satellite access. Consequently, the existing RAT Restrictions framework applies. 
Observation 2.2.1: Assuming new RAT Types are specified for satellite access, the RAT Restrictions can re-use the existing procedures. 
2.3 Forbidden Area 
Forbidden area can be expressed in terms of Tracking Areas, which are stored by the UE until switch-off, USIM removal and periodically after a period of 12 to 24 hours. UE shall also remove and individual TA from forbidden TA list if it receives a previously forbidden TA in TA List or service area list of allowed Tracking Areas in REGISTRATION ACCEPT or UE CONFIGURATION UPDATE COMMAND. 
The same principles can apply on satellite access. In case of super-national cell coverage area, also the TA size will be large. Periodical deletion of the “5GS forbidden tracking areas for roaming” list under large cell coverage area can allow a large number of UEs to re-try registration to forbidden TA periodically (once or twice a day).
Observation 2.3.1: The Forbidden Area concept encoded as forbidden TAs can be re-used, but the minimum Forbidden Area size is determined by the cell coverage area. 
Observation 2.3.2: UEs are allowed to delete “5GS forbidden tracking areas for roaming” and re-try (just to get rejected again and to remember it for the next 12 to 24 hours), which increases the signalling overhead especially if Forbidden Area is applied on large UE population.
2.4 Non-Allowed Area
Service Area restriction for Non-Allowed Area is defined via forbidden Tracking Areas that are indicated to the UE as part of Service Area List, which can indicate either allowed and non-allowed TAs of the serving PLMN or allowed and non-allowed TAs of a specific PLMN identified by MCC + MNC. The UE deletes “non-allowed tracking areas” list when it receives a new “non-allowed tracking areas” list from the network or receives REGISTRATION ACCEPT without any Service Area restriction indication. The “non-allowed tracking areas” list is also deleted when the UE is switched off or the USIM is removed. 
The same principles can apply on satellite access. In case of super-national cell coverage area, also the TA size will be large. UEs with old Non-Allowed Area do not re-try the same area spontaneously, as periodical deletion of the “non-allowed tracking areas” is not specified. 
Observation 2.4.1: The Non-Allowed Area concept encoded as forbidden TAs can be re-used, but the minimum Non-Allowed Area size is determined by the cell coverage area.
2.5 Core Network type restriction
Core Network type restriction evaluates the UE’s access right to EPC services and 5GC services. 
Observation 2.5.1: Core Network type restriction can re-use the existing procedures.
2.6 CAG Restriction
A Closed Access Group identifies a group of subscribers who are permitted to access one or more CAG cells associated to the CAG. CAG restriction on a per cell basis and it can be used for the Public network integrated NPNs to prevent UE(s), which are not allowed to access the NPN via the associated cell(s), from automatically selecting and accessing the associated cell(s). 
The existing mechanisms for CAG and NPN access can apply also over satellite access.
Observation 2.6.1: CAG restriction can re-use the existing procedures.
3. Conclusions
Most PLMN selection and Mobility Restrictions related procedures can be adopted as they are specified for terrestrial access, but the following identified gaps require specification work to allow satellite access deployment with super-national cell coverage areas:
PLMN selection principles allow the UE to register to satellite network of PLMN from country A when the UE is located in country B or C (Observation 2.1.3)
PLMN selection principles allow the UE to remain registered in PLMN of country A even after moving to country B or C (Observation 2.1.4)
UEs are allowed to delete “5GS forbidden tracking areas for roaming” and re-try registration after 12 to 24 hours. The lack of permanent reject for Forbidden Area increases signalling load if Forbidden Area is applies on a large cell (TA) coverage area (Observation 2.3.2)
It is proposed that SA2 addresses the above issues at the latest during the normative phase following the FS_5GSAT_ARCH study. 
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