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In RAN2#115-bis-e [2], we reached the following agreements with respect to location services in an NTN network. 

Agreements:
1. If SA3 replies with concern on reporting UE location with any granularity during initial access, RAN2 will revisit agreement/solution for reporting UE location during initial access.
1. UE coarse location information refers to coarse GNSS coordinates (FFS on the details, e.g. X MSB bits out of 24 bits of longitude/latitude or GNSS coordinates with ~2km accuracy). FFS if any enhancements to validate the UE’s coarse location information is needed. FFS whether this is only used in initial access or also in connected

Furthermore, the following agreements were reached in the same meeting in subsequent discussions: 

Agreements via email - via offline 102:

1. If SA3 has no concern reporting coarse location during initial access, the coarse location information is reported in Msg5, i.e., via RRCSetupComplete/RRCResumeComplete message.
1. For coarse UE location reporting during initial access, the location granularity is not indicated to UE via SIB
… 


SA3 does not recommend that the UE send any location information to the gNB before AS security is established. According to SA3, allowing the UE to send location information will expose the UE to more risks than not sending it. For example, an attacker may be able to combine location information and other information to identify or track the UE.
Observation 1: SA3 recommends that RAN2 defines a solution that avoids sending unprotected UE location information to the gNB before activating AS security. 

The approach for UE to report the coarse location, so that the NG-RAN node could send the NAS message to the AMF of the PLMN corresponding to the UE location was discouraged by SA3. 

In this document, an alternative solution is being proposed in case the RAN2 agreement on UE coarse location information is re discussed. 

Proposal 1: RAN2 shall consider the use of alternative virtual location identifier solution for reporting the UE location information during the initial access, in case the RAN2 agreement on reporting UE coarse location information would be re-discussed.

However, for sending out RRC_SETUP_COMPLETE message, the UE needs to select the PLMN corresponding to the location of the country. For this purpose, the country borders needs to be signaled to the UE, so that the UE can determine the appropriate PLMN to attach to. 

Observation 2: The UE does not know which PLMN to select, without it receiving assistance data enabling country border selection.

In this contribution, we describe the assistance data enabling the UE can select one PLMN out of multiple PLMN broadcasted by the satellite, whose footprint might span multiple countries (and therefore multiple PLMN). 
Mapping Grid for Determining Access Parameter

In RAN2#115-bis-e [2], the alternatives were considered for the UE to report its location to the network:  
1) Based on omitting the LSBs of latitude and longitude 
2) Based on zones 

The first alternative was chosen because it would be simple for the UE to implement. However, the second alternative would have allowed the UE to determine the applicable parameters that are location dependent without divulging the real position of the UE. As an example, the UE can determine the closest reference point, and select the parameters corresponding to this location.
[image: ]
[bookmark: _Ref92201158]Figure 1: Assistance data for UE to determine TAC and PLMN (TAI), By determining the nearest reference point, the UE obtains the TAI relevant to this point and uses it as a TAI for the given user location.

In general, the UE using A-GNSS is able to determine its location in ECEF coordinate system, but is unable to determine the geo-political location (i.e. country borders) without additional assistance data.  However, the information to determine border need to be made available to the UE as assistance data for the purpose of registration in a certain PLMN or PLMN handover. 

Observation 2: The UE does not know in which country it is located, without it receiving assistance data enabling country border detection.


Proposal 1: The NG-RAN node shall send assistance data describing reference points in ECEF coordinates and their mapping to PLMN and/or TAC.
To this effect, one mechanism is to cover the footprint of the NTN satellite with one or more planes (mapping Grid in Figure 1). Each of the mapping grid comprises grid points with each point corresponding to a virtual location on an ECEF coordinate system. To each point, we can attach attributes, such as PLMN ID, TAC, and so on as needed. 
The UE needs to determine its position using one of the positioning methods available (e.g. UE-based A-GNSS). Then it needs to determine in which of the mapping grids it lies. Next, it finds the point within the mapping grid and determines the applicable parameter PLMN, TAC corresponding to this grid. The UE then uses this information for initiating further procedures with the network. 

The derived PLMN associated with the grid point could be used to select the PLMN (selectedPLMNIdentifier) within the RRCSetupComplete message, or be provided in a handover request message. 
The NTN network can broadcast a list of one or more grid planes (Mapping Grids), each of which contains grid points (virtual reference points). The grid plane could be expressed as rectangles, then the grid planes are indicated to the UE by indicating the coordinates of diagonally opposite points (for example: upper left and lower right, or lower left and upper right). Then the grid points are mapped by specifying the coordinate of the first grid point, and the spacing between the grid points. The grid points, may be arranged into different mapping grids with different densities. For example, for PLMN search, one needs to have denser grid towards the country border than outside it. This is illustrated in Figure 1.

Observation 3: The NTN service area can be described by cascading one or more virtual location grid (e.g. rectangular), where the plane has a set of grid points each corresponding to a virtual location identifier. 

The UE shall:
1) Determine its location based on A-GNSS. In future releases, the UE may be able to use RAT-dependent technologies.
2) Select the applicable mapping grid corresponding to its location – comparing whether it lies within the grid (the diagonally opposite corners of the rectangle give enough information to do it quickly).  
3) From the mapping grid, the UE shall determine the applicable grid point (virtual reference point) and determine or obtain the information corresponding to this point.  If TAC and PLMN are mapped to this virtual point, the UE obtains this information and uses it, for example, in RRCSetupComplete.


Proposal 2: The NG-RAN node shall provide to UE (through pre configuration) assistance data describing reference points/virtual location identifiers (e.g. in ECEF coordinates) of virtual grid able to discriminate country borders.

Proposal 3: UE shall determine its location in terms of virtual location identifier / country (e.g. mapped cell, tracking area, …) based on GNSS measurement in order to allow the NG-RAN to select the AMF / PLMN corresponding to this virtual location identifier.

Proposal 4: The UE shall perform TAC update or initiate PLMN registration procedure if the new UE location is closer to a different virtual identifier than the one where the UE last connected. 

Summary
In this contribution, we make the following observations
Observation 1: SA3 recommends that RAN2 defines a solution that avoids sending unprotected UE location information to the gNB before activating AS security. 

Observation 2: The UE does not know in which country it is located, without it receiving assistance data enabling country border detection.

Observation 3: The NTN service area can be described by cascading one or more virtual location grid (e.g. rectangular), where the plane has a set of grid points each corresponding to a virtual location identifier. 

Based on the above observations, we propose the following: 

Proposal 1: RAN2 to consider an alternative solution of UE location information reporting during the initial access in case the RAN2 agreement on UE coarse location information is re discussed.

Proposal 2: The NG-RAN node shall provide to UE (through pre configuration) assistance data describing reference points/virtual location identifiers (e.g. in ECEF coordinates) of virtual grid able to discriminate country borders.

Proposal 3: UE shall determine its location in terms of virtual location identifier / country (e.g. mapped cell, tracking area, …) based on GNSS measurement in order to allow the NG-RAN to select the AMF / PLMN corresponding to this virtual location identifier.

Proposal 4: The UE shall perform TAC update or initiate PLMN registration procedure if the new UE location is closer to a different virtual location identifier than the one the UE last reported. 
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