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Abstract: This paper proposes a new solution for what concerns regulatory issues.
Introduction
KI #1, 6 and #10 are each of them associated with the fact that satellite access could present radio coverage areas (beams) that can be large enough to generate specifics with respect to terrestrial access:

·  
Large radio coverage area have to be managed both from the cell selection / re-selection and PLMN selection process viewpoint;

·  
Even a single beam in satellite access could encompass different regions, each one having a different regulatory regime (either national or international) associated with specific requirements for what concerns regulatory services (for instance for emergency services, lawful interception, public warning services) or for operation of the network (charging). 

·  
In the case of NG-RAN embarked on NGSO satellites, the issue of mobility of one functional element of the system has also to be solved in this context.  

The common stake to be addressed for these 3 Key Issues is the location of the UEs in a cell, as the Cell ID is the reference object which is managed by both the NG-RAN and the 5CN in the mobility management procedures, as well as in association with TAs and RAs. The Cell ID is also used to support Regulatory Services such as Lawful Intercept, Emergency Services, Operation & Administration, Location Services, etc. 
The subject to be addressed is thus the mapping of the location of UEs in a cell belonging to satellite access, and thus the definition of a cell for satellite access. The approach which is followed is to start from the existing terrestrial one.

When considering location of UEs, on the hand the approach is the following one for terrestrial access:

· TR 23.737 Reference [8] 3GPP TS 22.011 indicates that as a rule, a PLMN is limited by the borders of a country.  Reference [8] defines also that a “PLMN Area” is the geographical area in which a PLMN provides communication services according to the specifications to mobile users. In the PLMN area, the mobile user can set up calls to a user of a terminating network. 
Reference [8] TS 22.011 and  Reference [10] 3GPP TS 23.122 assume that the coverage area of a terrestrial network is contained inside the territory of its home country. This network topology-based TS 23.122 definition works for terrestrial networks with reasonable accuracy: 

· 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).
· An NG-RAN would manage a set of cells (NR or E-UTRA) to provide the necessary coverage corresponding to the “PLMN Area”.  The cell selection / re-selection process is based on the reception of broadcast system information  blocks from cells by the UE (including frequency and level of signal quality to be achieved). The (re-)selected cell would correspond to the cell with the highest power level / quality level amongst the received cells.
· Radio-planning of cells (position of base stations, transmit power, antenna coverage) will also support  meeting the coverage requirements of PLMN operators, both from its operational point of view as well as from the regulatory point of view (excluding some forbidden areas, limiting the radio coverage area within the borders of the country). 

· The Cell ID is the network topological location information which is provided by the NG-RAN to the 5CN, when considering location services, lawful intercept services, etc. Additional information may also be provided if available from the NG-RAN or from a GNSS system (this is not mandatory).
· It is therefore possible for PLNM operators to find a  match between the radio coverage of their networks, their regulatory constraints, and a the location requirements of UEs.

On the other hand, a satellite access radio beam coverage can span tens of kilometres to thousands of kilometres according to the performances of the antennas and to the altitude of the satellite (LEO, MEO or GEO). As minimum complexity is sought on the 5G system for the introduction of satellite access (see Reference [9]), it is assumed that Cell ID remains the location information exchanged between a satellite access based NG-RAN and 5 CN. While the mapping of “country” to network topological country code as specified in TS 23.122 works in terrestrial networks with reasonable accuracy, the same approach cannot solve the problem of single access radio satellite beam spanning multiple countries. For satellite access:
· The cell selection/re-selection process would still be based on the signal quality as received from broadcast SIB information from different cells. However, cells would be limited in size to match for timing advance and PRACH Doppler pre compensation (see Ref [6] TR 38.821).  As a consequence, a number of cells SIB could be received with the same level of quality by a UE as the radio coverage of beam could encompass several cells. 

· To further differentiate a cell from another one within the radio beam coverage, a UE would have to locate itself (not relying on the satellite access infrastructure to avoid impacts on the UE autonomy).  Should the UE not having the information of the Cells location and shape, at initial access for instance, the UE would randomly select a possible cell, and would be assigned in return a cell by the NG-RAN. Should the UE have already the information of the Cell location and shape, at initial access, or for IDLE mode or CONNECTED mode, the UE would detect (knowing its location) which cell is to be selected. 
· Cells for a satellite access would then be managed as for a terrestrial access. Mobility management procedures would therefore not be impacted. The main assumption is that satellite cells in a satellite access can geographically be defined and managed by the NG-RAN. As cells would be associated with TAs and RAs, the CNs would be managing services accordingly.
As a summary:

· The proposed approach would consist in UEs having the capability of locating themselves, associated with the knowledge geographic definition of cells (for instance through vertices, though this is not mandatory) that would be provided to UEs through Radio Resource Control message exchanges. On this basis, from the location point of view, the 5CN would not be impacted.
· The cell/selection process would include an additional criteria which would be, on point the existing ones, the selection of the cell in which the UE is located (cells are fixed on ground).

· From the UE location point of view and UE location determination point of view, the 5G system architecture and the 5CN are not impacted.
· Once the Cell ID  would be known, a Cell ID would be attached to a TA and an RA as for any PLMN. The PLMN would also  handle any specific local operational or regulatory constraints that would be translated to Core Network (through RAs / TAs) and to the NG-RAN (through RAs and CellIDs).
Proposal
It is proposed to modify clauses 2 and  6.X as follows: 
***** The first change *****
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***** The 2nd change *****
6.X
Solution X: UE location associated with geographical description of cells 

6.X.1
Description

This is a candidate solution for Key Issue #1 - Mobility management with large satellite coverage areas”, Key Issue #6 “RAN mobility with NGSO regenerative-based satellite access” and Key Issue #10 –“Regulatory services with super-national satellite ground station”. 

These Key Issues are introduced to cope with the specific characteristic associated with satellite access: a beam radio coverage which is larger than the cell coverage one, which is assumed for terrestrial network when specifying networks. 

Mobility management procedures, and associated services (whether regulatory or operational) are therefore be analysed and tailored within this context. Further when considered NG-RAN embarked on NGSO satellites  (as means to create a global coverage) mobility management could be more complex and is not taken care of.

This solution is based on the following principle:

· From reference [1], a cell is defined as a “Radio network object that can be uniquely identified by a User Equipment from a (cell) identification that is broadcasted over a geographical area from one UTRAN Access Point. A Cell is either FDD or TDD mode”

· A Satellite beam radio coverage can be larger than what is acceptable when considering a  cell coverage in particular when considering operational or regulatory requirements;

· Satellite radio Cells are defined with geographical borders (with vertices for instances), and their size can be of much smaller size than satellite beam coverage. Cell borders can therefore match operational / regulatory constraints of PLMNs.

· UEs are provided with the information of the Cells geographical definition. This information may already be available to an UE at log on, or a UE may request this information through RRC adequate messages.

· The cell / selection process within a satellite access is based on signal strength and quality level, as for terrestrial networks, and thus on the broadcast on SIB of the cells that are available (all with the same quality since they are in the same satellite radio coverage), as well as on the location of the UE : 

· The UE determines its own location

· Based the on the knowledge of its location and the knowledge of the cells geographical definitions, the UE selects the cells where it is located in. 

· For NG-RANs embarked on NGSO satellite constellations: 

· NG-RANs would store the geographical cells definition. This is a stable definition over a rather long term, as cells are assumed defined geographically and thus fixed on ground. For NG-RANs embarked on an NGSO satellite, it is assumed the NG-RAN would be provided with its position so as to update the cells to be served, and to receive the corresponding SIBs. 

· For NG-RAN backhauled by satellite transport link:

· Cells would be of terrestrial/aeronautical/maritime, but would have to be located. The satellite access would be providing the CellID where the NG-RAN is located (for 3GPP access),.  

As cells are fixed, Transfer of N1/N2/N3 reference points between NG-RANs and 5CNs would be based on the association of cells with TAs and RAs  (with an Inters-satellite Link transport for 5CNs out of reach of NG-RANs) .

An example of the approach is provided in the figure below 6.X.1-1:

· 3 PLMNs (U,V,W) are each and respectively serving Countries A,B and C. The radio coverage of the beam used by the PLMNs used to provide coverage over these countries cover these three countries at the same time.

· The radio coverage of the PLMNs within the satellite beam of concern has been planned as follows:

· Cells #U1, #U2 provide coverage for country A and PLNM U,

· Cells #V1, #V2, #V#3 provide coverage for country B and PLMN V,

· Cell #W1, #W2 provide coverage for country C and PLMN W. 

· As a direct mapping can be made between the Cell & the PLMN, it is possible for a satellite Earth station providing connectivity to the satellite access to transfer the N1 (as well as N2/N3 interface for NG-RANs embarked on satellites) towards the adequate NG-RAN (5CN for embarked NG-RANs).
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Figure 6.X.1-1: Example of cell allocations for a supranational satellite radio beam coverage

The following figure illustrates how UE located in country C would be served by PLMN#W serving country C:
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Figure 6.X.1-2: Architecture of PLNMs using the same satellite access and radio beam supra national coverage

6.1.2
Procedures

The cell/selection procedure should be modified to account for the UE position and the cell geographic definition.

NOTE: 
TSG-RAN WGs should define during the normative phase the most appropriate approach in modifying the cell /re-selection procedure.

6.2.3
Impacts on existing nodes and functionality

This new solution has the following impacts:

-
UEs have the capability to determine its location, to handle and store the geographical definition of cells it is receiving, to determine the cell it is located in .

-
NG-RANs have the capability to determine and store the geographical definition of cells.
-
NG-RANs embarked on-board NGSO satellites are provided with their position. This is also the case for back-hauled NG-RAN that could be located on board aircrafts or ships.

-   
For a backhauled NG-RAN, the satellite transport network  have to provide the CellID of the UE where is located the NG-RAN.
6.1.4
Solution evaluation

The benefits of this solution are that:

· It does not impact the Core Network;

· It does not impact the cell selection /re-selection procedure (beyond the need for geographical positioning) mobility management procedures.

· 5CN would manage the UEs according requirements on services and on the basis of the location of the UEs when needed (CellID for instance).

The main impacts of this solutions are that:

· It assumes that the UE can determine its own position for initial access, and during IDLE mode or CONNECTED mode, for cell selection & reselection;

· It assumes that the NG-RAN has the knowledge of the geographical definition of the cells, and also of its own position when moving. 

NOTE 1:
This solution would be implemented during the normalisation phase based on the comments received from TSG-RAN

NOTE 2:  
The template for the geographical definition of the cells is left for implementation during the normative phase.

NOTE 3: 
The optimisation of the definition of the cells shapes is left to the network operators, with respect to the network operational and regulatory constraints.  
***** end of change *****
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