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Abstract of the contribution: New candidate solution for PLMN selection related part of Key Issue #10
1. Introduction
Key Issue #10 studies multiple aspects to consider for possible deployment of 3GPP 5G satellite access via super-national cell coverage area where single cell coverage area is not limited within the borders of a single country with the same accuracy as in terrestrial networks.
This new solution addresses the PLMN selection related issues under this Key Issue. 
 It is proposed to add the following new candidate solution and solution evaluation to TR 23.737.
 
[bookmark: _Toc23350550][bookmark: _Toc23400796]***** First change *****
6.13X	Solution #13X: <Solution Title>Country specific PLMN selection
[bookmark: _Toc23350551][bookmark: _Toc23400797]6.13X.1	Description
Editor's note:	This clause will describe the solution principles and architecture assumptions issue(s). Clause(s) may be added to capture details.
This solution addresses several aspects under Key Issue #10. 
Terrestrial network coverage area is typically restricted (with reasonable accuracy) inside the country that licensed the frequency band. this minimises the overlap of networks from different countries to only border areas, as elsewhere there is no coverage from "foreign" networks. Based on this assumption, the current definition of "country" in TS 23.122 is based on network topology observed by the UE:
Country: A country is identified by a single MCC value, with the exception that MCC values 310 through 316 identify a single country () and MCC values 404 through 406 identify a single country ().
Possible satellite access deployment case in Figure 5.10.1-1 shows a large multi-national cell coverage area spanning substantially across country borders and changing the above assumption.
It is expected that local regulations apply in each country and the UE is expected to register to one of the PLMNs of the country of the UE location. 
The following situations are considered in this solution:
-	UE switching on or recovering from lack of coverage situation
-	UE performing PLMN selection for other reasons
-	UE registered in VPLMN performing background scanning
-	CN (AMF) receiving Registration Request from UE that is accessing over satellite RAT Type
[bookmark: _Toc23350552][bookmark: _Toc23400798]6.13X.2	Procedures
Editor's note:	This clause describes services and related procedures for the solution.
6.13.2.1	UE switch on and recovery from lack of coverage situation
Following the current specifications, UE considers all available PLMNs in priority order, which gives highest priority to HPLMN and the RPLMN even if the UE has meanwhile moved from one country to another. This means the UE whose HPLMN is PLMN A of country A will select HPLMN if it is available in the UE location in country B or C 
To overcome the above problem, if the UE is aware of its present location inside certain country, the UE should use that knowledge to limit its PLMN selection to only PLMNs of the country of the present UE location. 
In order to get emergency call routed to PSAP of the country of the present UE location, if the UE is registering for emergency services and if it is aware of its location in certain country, the UE shall use this knowledge to select one of the PLMNs in the same country. This allows the selected PLMN to route emergency calls in a PSAP of the same country as the UE location.
NOTE:	It cannot be assumed that all UEs would we aware of their location. Even if the UE knows its location, the positioning methods, frequency and accuracy of location measurements are UE implementation dependent.
6.13.2.2	UE performing PLMN selection
Following the current specifications, UE considers all available PLMNs in priority order, which gives highest priority to HPLMN even if the UE has meanwhile moved from one country to another. This means the UE whose HPLMN is PLMN A of country A will select HPLMN if it is available in the UE location in country B or C.
To overcome the above problem, when performing PLMN selection or initiating Mobility Registration Update, if the UE is aware of its present location inside certain country, the UE should use that knowledge to limit its PLMN selection to only PLMNs of the country of the present UE location. 
In order to get emergency call routed to PSAP of the country of the present UE location, if the UE is registering for emergency services and if it is aware of its location in certain country, the UE shall use this knowledge to select one of the PLMNs in the same country. This allows the selected PLMN to route emergency calls in a PSAP of the same country as the UE location.
NOTE:	It cannot be assumed that all UEs would we aware of their location. Even if the UE knows its location, the positioning methods, frequency and accuracy of location measurements are UE implementation dependent.
6.13.2.3	UE registered in VPLMN
Following the current specifications, UE registered to VPLMN shall perform periodic background scanning in attempt to find HPLMN or other higher priority PLMN (based on HPLMN configuration). As specified in TS 23.122 clause 4.4.3.3, the UE shall limit its attempts to access higher priority PLMN/access technology combinations to PLMN/access technology combinations of the same country as the current serving VPLMN. 
Multi-national cell coverage area can span over multiple countries, thus the "same country as the current serving VPLMN" will keep the UE registered in the same VPLMN even though the UE is moving between countries A, B and C. 
This problem can be solved by UE and / or serving network awareness of the UE location. 
If the UE is aware that it has moved away from the country of the current registered VPLMN, then the UE should use that information to perform background scanning of higher priority PLMNs among those PLMN candidates that are available in the country of the present UE location. For example, if the UE whose HPLMN is PLMN A of country A has registered to VPLMN B in country B, then upon detecting that the UE has moved to country C, the UE should select among candidate PLMNs broadcasting MCC of country C.
NOTE:	It cannot be assumed that all UEs would we aware of their location. Even if the UE knows its location with reasonable accuracy to determine its location inside certain country, the positioning methods, frequency and accuracy of location measurements are UE implementation dependent.

6.13.2.4	AMF processing of Registration Request from UE accessing over satellite
The network should verify the UE location during registration procedure over satellite access, as it cannot be guaranteed that the UE would always be aware of its present location. When the UE accessing over satellite RAT Type initiates Registration Procedure, the AMF can trigger UE positioning procedure to verify that the UE is accessing PLMN in the same country as the present UE location. The AMF verifies all registration criteria as usual, but with the additional verification whether the PLMN selected by the UE matches with the country of the UE location. 
If UE is attempting to register to PLMN of different country than the present UE location, the AMF responds with REGISTRATION REJECT, including suitable cause value to tell the UE that the selected PLMN is not allowed in the present UE location. Based on the UE location, the AMF may also include a hint of country code (MCC) or list of PLMN codes (MCC+MNC) or list of PLMN + RAT codes (MCC+MNC+RAT). 
In order to ensure the call being routed to a PSAP of the country of the UE location, the AMF shall take the same approach if the UE is requesting emergency registration in a country that is different from the UE location. 
After Registration Reject indicating PLMN not allowed in the present UE location, the UE attempts to select another PLMN, using the hint received from the rejecting PLMN, and the UE memorises the PLMN that is not allowed in the present county for as long as the UE remains in that country. 
6.13.2.5	UE mobility in connected mode
The UE need not initiate Registration Updates in connected mode. This opens up the possibility that the UE might move from one country to another while in connected mode. This case could be addressed either by UE verifying its location periodically, or the network positioning the UE periodically, or both. 
The UE and network policy for such periodic verification of the UE location within the country of the RPLMN is implementation specific. 
[bookmark: _Toc23350553][bookmark: _Toc23400799]6.13X.3	Impacts on existing nodes and functionality
Editor's note:	This clause captures impacts on existing 3GPP nodes and functional elements.
UE needs the following enhancements:
-	Optionally, if the UE is aware of its location in certain country (by whatever means), the UE limits its PLMN selection to PLMNs broadcasting MCC of that country.
-	If the UE receives REGISTRATION REJECT message indicating that the requested PLMN is not allowed in the present UE location, then the UE attempts to select another PLMN instead. The UE may take the MCC hint received from the network into account in this fallback to another PLMN of the indicated MCC. 
AMF needs the following enhancements:
-	Based on detecting that the UE has initiated registration procedure over satellite access, the AMF requests for UE positioning
-	In addition to the existing criteria, the AMF also considers the UE location information when determining whether to allow the registration or not
-	If the UE is attempting to register to a PLMN or a country that does not match the present UE location, the AMF responds with REGISTRATION REJECT, including cause value indicating that the selected PLMN is not allowed in the present UE location. The AMF may optionally add a hint of MCC or PLMN ID (MCC+MNC) or PLMN and RAT (MCC+MNC+RAT). 
NOTE:	It is expected that TSG RAN develops positioning methods that are suitable for satellite access. 
[bookmark: _Toc23350554][bookmark: _Toc23400800]6.13X.4	Solution evaluation
Editor's note:	This clause provides an evaluation of this solution.
Solution 6.13 ensures that in optimal case, the UE that is aware of its location selects among the PLMNs of the country of the present UE location. It also triggers the UE to change PLMN when it changes country. 
If the UE is not aware of its location within certain country, solution 6.13 allows the network to enforce the UE registration to PLMNs of the country of UE location. 
***** Next change *****
[bookmark: _Toc23350563][bookmark: _Toc23400809]7.10	Evaluation of solutions for Key Issue #10 - Regulatory services with super-national satellite ground station
Key Issue #10 identifies the following aspects that need to be solved for super-national cell coverage area: 
a)	When required, how to ensure that the UE is using a core network of the country in which the UE is physically located?
b)	How to select a core network when the UE is in an aeronautical or maritime location?
c)	If the satellite system is using the same MCC+MNC in multiple countries, how to enable per-country, UE specific prohibition of satellite access?
d)	How to route an emergency call to the correct PSAP?
e)	How to handle Lawful Interception?
f)	How to address Public Warning System?
g)	How to handle charging and tariff notifications?
Solution 6.13 addresses items a – d. In addition, the same solution helps to solve also item e as well by ensuring that the UE is registered to a PLMN of the same country as the present UE location. 
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