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In RAN2#114-bis-e [2], we reached the following agreements with respect to location services in an NTN network. 

	Agreements:
· RAN2 Working Assumption: RAN2 doesn’t need to do anything to ensure that final UE location information at the core network is trustable so far (it's other WGs business to define solutions to verify the UE location)
· RAN2 will work on a solution to ensure that the CGI constructed by NG-RAN can correspond to a fixed geographical area comparable with a TN cell with a radius of ~2km or more.

· Send an LS to RAN3, SA2, SA3 and SA3-LI to inform them of RAN2 decision and check whether it's consistent with their requirements



The requirements from SA3-LI to have a network-generated or network-verified location for selecting a suitable PLMN network and the requirement from SA3 to maintain privacy impose conflicting requirements. This could be addressed by two means: 

1) The UE could distort its position by adding certain rotation and offset before reporting this position. The maximum amount of allowed distortion may be indicated to the UE. The NG-RAN node shall then obtain the reverse mapping from CN to obtain true position, after registration is accepted.

2) Alternatively, the UE could choose to report its position on a quantized scale, where each quantization level could correspond to the desired accuracy level, for example, 2 km. 

The second option would result in a relatively lower specification impact and is also in line with the agreements made in RAN2#114e. Therefore, in this contribution, we propose a mechanism to construct a CGI based on assistance data from the NTN network, so that the UE can implicitly report its position to the network. 

Observation 1: If a UE reports its position on a quantized scale, this could allow for certain privacy and also enable verification of the coarse position (sufficient for selecting PLMN)

Proposal 1:  The UE shall report its location by selecting a virtual cell identifier, where the identifier can be mapped to a quantized location on a earth-fixed coordinate system. 

To this goal, we propose a mechanism how the UE can derive an virtual cell identifier using the UE-based GNSS position. To enable the network to verify whether the UE could be close to the virtual cell ID the UE claims to be, we further propose that the UE shall adds certain measurements as a part of the RRCSetupComplete message to enable the NG-RAN node to validate whether the UE has selected the PLMN where it is allowed to register for its current location. 

Virtual CGI concept
A UE is provided with assistance data consisting of the coordinates defining the center of virtual cells and mapping to a virtual cell ID. The UE computes its location using GNSS in UE-based or standalone mode and selects the nearest virtual cell. Based on the NCGI determined by the UE, the UE attempts to register with the PLMN belonging to the NCGI. 

One mechanism is to cover the footprint of the NTN satellite with one or more planes, each containing the grid points where the grid points define the center of the virtual cell. Each point may be mapped with a virtual cell ID. The network needs to provide the UE with the coordinates of two opposite corners of such rectangular plane, displacement in x,y and z direction between two virtual cell IDs and the starting value of the NR-CGI. The UE determines the closest virtual cell, and selects the PLMN according to the NR-CGI and prepares the dedicated NAS-Message to connect with the PLMN. 


In this approach, the UE is signaled the coordinates of the corner of the plane covering the region where the signal from the NTN satellite is expected to be received. The location of the center of virtual cells are signaled by signaling the displacement 

Observation 2: The footprint of the NTN satellite can be described by one or more rectangular planes, where the plane has a set of grid points mapping to a virtual identifier (e.g. virtual NCGI). 

Proposal 2: UE shall determine and report the nearest virual identifier using assistance data consisting of the coordinates of opposite corners of rectangle, spacing between the grid points, and identifier of the starting position.
FFS: Further information 
FFS: If several planes shall be tiled to cover the NTN footprint, each described using different parameters.


Validation of UE coarse position
The coarse UE position reported, for example, as a NR-CGI identifier could be checked by a network node, such as a gNB to verify whether the location corresponds to expected measurement by the network node. 
One means to do so could to determine a one way range (e.g. ToA) or two way range (e.g. RTT). The one way range from a NTN satellite (e.g. LEO in Figure 1) shows a cloud of possible points where the UE could be located. If the range measured by the NTN satellite corresponds to the expected range between the UE location reported by the UE and the satellite location (e.g. computed using ephemeris or using GNSS), then the position could be considered verified. 
If additional information could be deduced by the network, such as AoA at satellite (e.g. from the beamforming direction), then the position could be narrowed down to a certain blob (e.g. the blue blob) in the Figure 1. In a NTN satellite with transparent payload, determining AoA might be more challenging to achieve for the required accuracy.
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[bookmark: _Ref77191852]Figure 1: Verification of the position reported by the UE. The blue circle corresponds to the region around the virtual cell selected by the UE.  The red cloud suggests the possible location plausible for this UE for the given range determined by the network.

Observation 3: The network may use one way range (e.g. determined by PRACH or SRS) or two way range (e.g. RTT – e.g. determined by DL-PRS / SRS combination) to check plausibility of the location reported by the UE. 


Proposal 3: The UE shall transmit uplink reference signal (e.g. SRS) and report the time difference between transmitted uplink reference signal and received downlink reference signal. The reporting may be done within the RRCSetupComplete message. 

FFS: Whether further measurement need to be reported by the UE (e.g. Tx-Rx time difference to non-serving satellites, if it can receive the signal) 



Signalling and Measurement reporting 
Assistance data 
Assistance data for determining virtual cell ID
The following information needs to be signaled to the UE (e.g. using SI) 
· List of planes covering the footprint of NTN satellite
· Coordinates (x.y,z) of opposite corners 
· Displacement between two points on grid  (delta_X, delta_Y, delta_Z)
· Value of CGI at one corner
· Optionally: points not part of the PLMN.

Assistance data for UL/DL RS for ranging
The configuration of downlink reference signal (e.g. DL-PRS, SSB) and the configuration of uplink positioning reference signal (e.g. SRS or PRACH) shall be provided to the UE using for example SI. The existing mechanism of signaling DL-PRS via broadcast can be used. SRS configuration could be signaled by providing common SRS configuration via broadcast, and the remaining SRS configuration can be derived based on UE identity.
If the PRACH is used as the UL RS for determining range, this results in a coarse range measurement. This could allow privacy protection of the UE location before registration is completed. 
If two way ranges are used, then the combination of PRACH and SSB could be used. 
The UE reports: difference in time between the reception of SSB and the transmission of PRACH. (See the adjustment in RRCSetupComplete)
The gNB reports: difference in time between the transmission of SSB and the reception of PRACH. 
Additional measurements may be determined by the network node, which aids the network verified position – these could include Doppler, AoA … etc. 

The use of SSB and PRACH could support coarse range, but they also have no further specification impact on signaling assistance data. The use of dedicated UL and DL RS for positioning, e.g. DL-PRS or SRS could result in better range measurement, but need to specify the following 
1) Mechanism to enable SRS transmission immediately after or before sending the RRCSetupComplete message and before receiving registration accept.
2) Configuration for SRS and DL-PRS. 

Adjustment to RRCSetupComplete

-- ASN1START
-- TAG-RRCSETUPCOMPLETE-START

RRCSetupComplete ::=                SEQUENCE {
    rrc-TransactionIdentifier           RRC-TransactionIdentifier,
    criticalExtensions                  CHOICE {
        rrcSetupComplete                    RRCSetupComplete-IEs,
        criticalExtensionsFuture            SEQUENCE {}
    }
}

RRCSetupComplete-IEs ::=            SEQUENCE {
    selectedPLMN-Identity               INTEGER (1..maxPLMN),
    registeredAMF                       RegisteredAMF                                   OPTIONAL,
    guami-Type                          ENUMERATED {native, mapped}                     OPTIONAL,
    s-NSSAI-List                        SEQUENCE (SIZE (1..maxNrofS-NSSAI)) OF S-NSSAI  OPTIONAL,
    dedicatedNAS-Message                DedicatedNAS-Message,
    ng-5G-S-TMSI-Value                  CHOICE {
        ng-5G-S-TMSI                        NG-5G-S-TMSI,
        ng-5G-S-TMSI-Part2                  BIT STRING (SIZE (9))
    }                                                                                   OPTIONAL,
    lateNonCriticalExtension            OCTET STRING                                    OPTIONAL,
    nonCriticalExtension                RRCSetupComplete-v1610-IEs                      OPTIONAL
}

RRCSetupComplete-v1610-IEs ::=      SEQUENCE {
    iab-NodeIndication-r16              ENUMERATED {true}                               OPTIONAL,
    idleMeasAvailable-r16               ENUMERATED {true}                               OPTIONAL,
    ueMeasurementsAvailable-r16         UEMeasurementsAvailable-r16                     OPTIONAL,
    mobilityHistoryAvail-r16            ENUMERATED {true}                               OPTIONAL,
    mobilityState-r16                   ENUMERATED {normal, medium, high, spare}        OPTIONAL,
    nonCriticalExtension                SEQUENCE{}                                      OPTIONAL
}

RRCSetupComplete-v1700-IEs ::=      SEQUENCE {
	selectedNRCGI                       selectedNRCGI                                   OPTIONAL,
    txRxDiff	                      	CHOICE {
			k0-r16							INTEGER (0..8191),
			k1-r16							INTEGER (0..4095),
			k2-r16							INTEGER (0..2047),
			k3-r16							INTEGER (0..1023),
			k4-r16							INTEGER (0..511),
			k5-r16							INTEGER (0..255),
			...
	}, 
																						OPTIONAL,
}

RegisteredAMF ::=                   SEQUENCE {
    plmn-Identity                       PLMN-Identity                                   OPTIONAL,
    amf-Identifier                      AMF-Identifier
}

-- TAG-RRCSETUPCOMPLETE-STOP
-- ASN1STOP

Summary

In this contribution we make the following observations: 
Observation 1: If a UE reports its position on a quantized scale, this could allow for certain privacy and also enable verification of the coarse position (sufficient for selecting PLMN)

Observation 2: The footprint of the NTN satellite can be described by a rectangular plane, where the plane has a set of grid points mapping to a virtual identifier (e.g. virtual NCGI). 
Observation 3: The network may use one way range (e.g. determined by PRACH or SRS) or two way range (e.g. RTT – e.g. determined by DL-PRS / SRS combination) to check plausibility of the location reported by the UE. 

Based on the above observation, we propose the following: 

Proposal 1:  The UE shall report its location by selecting a virtual cell identifier, where the identifier can be mapped to a quantized location on a earth-fixed coordinate system. 
 
Proposal 2: UE shall determine and report the nearest virual identifier using assistance data consisting of the coordinates of opposite corners of rectangle, spacing between the grid points, and identifier of the starting position.
FFS: Further information. 

FFS: If several planes shall be tiled to cover the NTN footprint, each described using different parameters.
Proposal 3: The UE shall transmit uplink reference signal (e.g. SRS) and report the time difference between transmitted uplink reference signal and received downlink reference signal. The reporting may be done within the RRCSetupComplete message. 

FFS: Whether further measurement need to be reported by the UE (e.g. Tx-Rx time difference to non-serving satellites, if it can receive the signal) 
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