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Abstract of the contribution: This pCR proposes a solution to this Key Issue. 
Discussion

This paper attempts to provide a solution for this key issue.

Proposal


	*** START OF CHANGE # ***


6.Y
Solution #Y: core network for each served country and Satellite Coverage providing “cells” aligned with borders
6.Y.1
Description
This solution addresses Key Issue #A (Regulatory Services with Super-national Satellite Ground Station).

The approach is that the UE uses the Core Network of the country in which the UE is physically located. This is depicted in the following figure. 

An underlying assumption is that the satellite access aligns (what the UE sees as) cell boundaries as closely as technically feasible with the national borders. The cells in the different countries use different Tracking Area Identifiers (e.g. different TA Codes and/or different PLMN IDs). 
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Solution Y: Core Network for each served country and Satellite Coverage providing “cells” aligned with borders 

6.Y.2
Procedures
6.Y.2.1 
Mobility
1) When an IDLE mode UE performs a (non-periodic) Registration Update after crossing a national boundary, the UE includes lots on parameters in “RRC connection establishment message 5” and the NG-RAN functionality in the Earth Station performs some extra checks before contacting the Core Network.

a) If the UE sees the “cells” in the different countries as having different PLMN IDs (rather than e.g. all cells using Mobile Country Code = 901), then the UE will perform PLMN selection and indicate the selected PLMN to the NG-RAN. The NG-RAN should use the selected PLMN information to route the N2 signalling to the core network of the new country (and NOT use the fact that the UE’s GUAMI is known by the NG-RAN to route the N2 signalling to the AMF that the UE is already registered on in the old country).

b) If all the satellite cells use the same MCC (e.g. 901), then the cells are likely to also use the same Mobile Network Code (c.f. 901 11 for Inmarsat). In this case, the cells in the different countries would have different Tracking Area Codes, but the UE’s “selected PLMN” would not change when it performs Registration Update. As a result an unmodified NG-RAN function in the Earth Station would route the Registration Update to the Core Network of the Old Country. 

This is expected to be unacceptable for LI purposes and probably unworkable for emergency call routeing. 

Hence the NG-RAN functionality in the Earth Station needs to be modified, e.g. so that it uses a configuration table of TAC to Country to identify when the UE’s GUAMI was not allocated in the current country, and then to select a CN node in the new country and route the N2 signalling to the selected CN node in the new country.

2) The procedures in 1, above assume that the AMFs do not allocate TAI lists that include TAs of bordering countries. If the AMF were to do this, then the UE will not perform a TA Update when changing country, and the UE will be able to establish RRC connections and transfer data using a foreign core network.

It is expected that mechanisms are needed to enforce that AMFs do not allocate multi-country TAI lists without authorisation of the involved countries.

a) The NG-RAN could inspect all downlink NAS signalling to ensure that multi-country TAI lists were not being allocated. This would require that NAS signalling encryption was turned off (which is undesirable).

b) At every RRC Connection Establishment (both for Service Request and Registration) and every RRC Resume/Re-establishment, the NG-RAN is modified to check whether the “new cell’s” country matches the country associated with the AMF Set ID and AMF Pointer fields within the 5G-S-TMSI.

When a mis-match is found, the new N2 connection is routed to an AMF in the new country. The new AMF should then treat the situation as any other unknown 5G-S-TMSI and e.g. perform identification and authentication procedures.

3) In CONNECTED mode, before performing “intra Earth Station” handover for a moving UE, the NG-RAN functionality in the Earth Station is modified to detect if this involves a PLMN or country change. If the handover would lead to such a change, the Earth Station can be configured to either attempt N2 handover to the new cell (which should lead to inter-PLMN, inter-AMF handover in the core networks), or, to trigger N2 and Uu release (with a new N2 cause value such as “UE moved across a national border”) anticipating that the UE will reselect a cell in the new PLMN and perform a Registration Update from IDLE.

4) At every N2 connection setup (and in other N2-AP messages), the NG-RAN provides the UE’s current cell ID to the Core Network. The Cell ID should be associated with a sufficiently small geographic area to allow configuration data within the core network to correctly select a PSAP.

5) The Core Network operators sharing the Earth Station may need to co-ordinate so that they use 5G-S-TMSIs with distinct AMF Set IDs/Pointers.

6.Y.2.2
Emergency Calls

It is anticipated that existing “network provided UE location” functionality can be reused provided that the Cell ID sent in N2 signalling procedures is associated with a sufficiently small geographic area to allow configuration data within the core network to correctly select a PSAP.

Once RRC Security has been established, other 3GPP (and/or Over The Top and/or SMS-based) positioning techniques and signalling can be used to determine the UE’s position more accurately.
6.Y.2.3
Lawful interception by the UE’s visited country

Provided that the NG-RAN/Earth Station can guarantee that the UE is always using the core network associated with the country where the UE is located, then existing LI functionality should be able to be reused.

However, as intra-country, intra-Earth-Station mobility would not normally be reported to the AMF, and the Earth Station’s coverage may represent a very large geographic area, it can be anticipated that extra location reporting to the core network is required. Two potential solutions are:

a) The AMF uses “RAT-Type = satellite” to trigger location reporting of all cell changes (for all UEs) to the AMF;

b) The Earth Station is configured to automatically send location reports for all cell changes (for all UEs) to the core network.

6.Y.2.4
Public Warning System

The NG-RAN functionality in the Earth Station is expected to need extension to operate with different geographically distinct PWS messages coming from different CN nodes.

Editor’s Note: further study of e.g. TS 23.041 is required. 

6.Y.2.5
Charging / Customer Notifications

Incorporation of Cell ID and RAT Type on the CDRs and in signalling messages used for on-line charging may be sufficient for customer charging.

The use of distinct TA Codes for terrestrial and satellite based coverage should, if needed, enable existing APIs to be used to generate appropriate SMS message to inform customers.

6.Y.3
Impacts on existing nodes and functionality
These are described above. 
6.Y.4
Solution evaluation

When the satellite system is projecting distinct cell IDs onto the Earth:

For mobility (clause 6.Y.2.1), elements 2b, 3 and 4 should be used in combination to develop solutions.

Clauses 6.Y.2.2 through 6.Y.2.5 identify appropriate solutions.
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