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1 Introduction
In RAN#97 [1], the revised WID on NR NTN enhancements was endorsed. There was no change for the objective on Network verified UE location for NR NTN. The outcome of the RAN-level study phase was a new TR 38.882.The following recommendation were made in Section 5 of TR 38.882 as copied below [3]:
In this study, we have identified the need to define a network based solution which aims at verifying the reported UE location information.
The verification should be performed independently from the location information reported by UE.
The UE location information for the study is considered verified if the reported UE location is consistent with the network based assessment to within 5-10 km (similar to terrestrial network macro cell size), enabling country discrimination and selection of an appropriate core network in order to support all the regulatory services (i.e. emergency call, lawful intercept, public warning, charging/billing).
The solution should not impact significantly the latency of the targeted services nor infringe privacy requirements that apply to the UE location.
The study in [RAN2,RAN1,RAN3], which will study and evaluate solutions for the network to verify UE reported location information, shall consider the following aspects:
· The scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority.
· Multiple satellite (or HAPS) in view by the UE may be considered if time allows
· Assume that the UE is attached to a network (so that its context has been set up in the network) for the purpose of positioning
· Different solutions or positioning methods for NGSO, GSO or HAPS are not precluded
· [bookmark: _Hlk110526138]When considering solutions based on positioning methods, existing 3GPP defined RAT dependent positioning methods shall be considered as baseline. Other methods are not precluded.
· Solutions using existing NG-RAN architecture and procedures shall be considered
Pending on the conclusion of the RAN SI FS_NR_NTN_netw_verif_UE_loc study item, study and evaluate, if needed, solutions for network to verify UE reported location information [RAN2,RAN1,RAN3].
RAN is expected to determine by RAN#98 whether the study has identified any need for Network verified UE location specification support in Rel-18.
RAN1#110 made the following agreements:
Agreement
The following 3GPP defined RAT dependent positioning methods shall be considered as starting point for the study on Network verified UE location in case of NGSO based NTN deployment:
· Multi-RTT
· DL/UL-TDOA
Note-1: Other methods (e.g. AoA based) are not precluded
Note-2: RAT independent positioning methods are not under the scope of the study
 
Agreement
For evaluating positioning performance in NTN, the following metrics apply.
· Horizontal accuracy:
· Horizontal accuracy is the difference between a calculated horizontal position by the network and the actual horizontal position of a UE (for evaluation purposes)
· At least CDFs of horizontal positioning errors are used as a performance metrics in NR positioning evaluations
· At least the following percentiles of positioning error is analyzed 50%, 67%, 80%, 90%, 95%

The parameters for the evaluation for single satellite scenario as shown in Appendix were agreed in RAN1#110.

2 Multiple RTT solutions for network verified UE location for NR NTN 
Multiple RTT method is illustrated in Figure 1. It requires RTT between UE and a single satellite to be determined at different times. The RTTs could be determined in two ways: 
· by the UE using its location and the satellite ephemeris to calculate the UE-specific TA at time t0, t1, t2, t3 and reporting these to the network;  
· by the gNB and UE, where serving eNB measures its gNB Rx-Tx time difference from SRS and reports it to LMF  (since UE applies UE pre-compensation before transmitting SRS, the UE-specific TA needs to be also reported for determination of the RTT); and where UE measures and reports its UE Rx-Tx time difference from PRS and reports it to the LMF.  The measured timing difference at eNB and at UE allow the calculation of the RTT at the LMF. 
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Figure 1: Multiple RTT positioning with single satellite

Legacy multi-RTT specification in NR positioning:
In Rel-17 NT location and position Work Item, Multi-RTT, Rel-17 supports a UE/TRP to provide the RxTx TEG IDs, or combination of {Rx TEG ID, Tx TEG ID} together with UE/gNB Rx-Tx time difference measurements and a UE/gNB to provide its Tx TEG association information for mitigating UE/TRP Rx/Tx timing errors. We copy below the definitions from TS 37.355:
· UE RxTx Timing Error Group (UE RxTx TEG): Rx Timing Errors and Tx Timing Errors, associated with UE reporting of one or more UE Rx-Tx time difference measurements, which have the 'Rx Timing Errors + Tx Timing Errors' differences within a certain margin.
· Rx Timing Error: Result of Rx Time Delay involved in the reception of a signal before reporting measurements that are obtained from the signal. It is the uncalibrated Rx Time Delay, or the remaining delay after the UE/TRP internal calibration/compensation of the Rx Time Delay, involved in the reception of the DL-PRS/UL SRS signals. The calibration/compensation may also include the calibration/compensation of the relative time delay between different RF chains in the same UE/TRP and may also possibly consider the offset of the Rx antenna phase centre to the physical antenna centre.
· Tx Timing Error: Result of Tx Time Delay involved in the transmission of a signal. It is the uncalibrated Tx Time Delay, or the remaining delay after the TRP/UE internal calibration/compensation of the Tx Time Delay, involved in the transmission of the DL-PRS/UL SRS signals. The calibration/compensation may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE and may also possibly consider the offset of the Tx antenna phase centre to the physical antenna centre.
· Transmission-Reception Point (TRP): A set of geographically co-located antennas (e.g. antenna array (with one or more antenna elements)) supporting TP and/or RP functionality.
· Transmission Point (TP): A set of geographically co-located transmit antennas (e.g. antenna array (with one or more antenna elements)) for one cell, part of one cell or one PRS-only TP. Transmission Points can include base station (eNodeB) antennas, remote radio heads, a remote antenna of a base station, an antenna of a PRS-only TP, etc. One cell can be formed by one or multiple transmission points. For a homogeneous deployment, each transmission point may correspond to one cell.

TS 38.305 specifies the stage 2 of the UE Positioning function of NG-RAN including multi-RTT positioning:
In the Multi-RTT positioning method, the UE position is estimated based on measurements performed at both, UE and TRPs. The measurements performed at the UE and TRPs are UE/gNB Rx-Tx time difference measurements (and optionally DL-PRS-RSRP and UL-SRS-RSRP) of DL-PRS and UL-SRS, which are used by an LMF to determine the RTTs.
The UE may require measurement gaps to perform the Multi-RTT measurements from NR TRPs.
· Measurement results that may be transferred from UE to the LMF:
	Information

	PCI, GCI, and PRS ID, ARFCN, PRS resource ID, PRS resource set ID for each measurement

	DL-PRS-RSRP measurement

	[bookmark: _Hlk115368694]UE Rx-Tx time difference measurement

	Time stamp of the measurement

	Quality for each measurement

	TA offset used by UE

	UE Rx TEG IDs, UE Tx TEG IDs, and UE RxTx TEG IDs associated with UE Rx-Tx time difference measurements 

	LOS/NLOS information for UE measurements 

	First path RSRP



· Measurement results that may be transferred from gNBs to the LMF:
	Measurement results

	NCGI and TRP ID of the measurement

	gNB Rx-Tx time difference measurement

	UL-SRS-RSRP

	UL Angle of Arrival (azimuth and elevation)

	Time stamp of the measurement

	Quality for each measurement

	Beam Information of the measurement



Multiple-RTT method can be used in multi-satellite or single satellite for LEO and MEO satellite constellations. It can be used for GEO with some compromise where the UE location may be verified within a contour delimited by the UE-specific RTT to GEO satellite. 

Multiple RTT method with prediction:
The multiple-RTT method with UE-specific TA report with single satellite is the simplest method to verify UE location. Its impact on the specification is expected to be as follows:
· [bookmark: _Hlk111046939]RAN2 specified UE-specific TA MAC CE" consists of only one field with length 14 bits (+ 2 reserved bits), which contains the UE estimate of full UE-specific TA. The granularity of the UE-specific TA report is 1 ms. It is necessary to discuss finer accuracy as 1 ms granularity would lead to very large position error for each TA report (1 ms * 3.108 m/s / 2 = 150 km). 
· RAN1/RAN2 should discuss a procedure where the UE is configured to transmit UE-specific TA reports several times for a serving cell over a short period of time of several seconds immediately after moving to connected (as UE can only report GNSS location report after NAS security is established based on SA3 guidance). The time between each report should be carefully configured to allow sufficient accuracy of the verification of the UE position.
The UE can calculate ahead the satellite position using its own GNSS position and satellite ephemeris with an accuracy of a few meters as shown in Table 1. This is needed to meet RAN4 requirements for UE pre-compensation for UL synchronization.
This method does not rely on measurements and are not sensitive to very low SNR conditions. It is sufficient if the UE can decode SIB19 with the satellite ephemeris. The UE is assumed to have a valid GNSS within 100 meters since this is a condition for the UE transmitting on the UL within the RAN4 requirements on transmit timing error. 

	Periodicity
	Radial Velocity error
	Radial Position error
	Doppler error
	Delay error

	2 s
	0.02 m/s
	0.01 m
	0.14 Hz
	0 us

	5 s
	0.09 m/s
	0.17 m
	0.55 Hz
	0.0006 us

	10 s
	0.18 m/s
	0.82 m
	1.23 Hz
	0.003 us

	20 s
	0.4 m/s
	3.7 m
	2.6 Hz
	0.01 us

	30 s
	0.6 m/s
	8.6 m
	4.1 Hz
	0.03 us

	60 s
	1.3 m/s
	36.9 m
	8.9 Hz
	0.12 


Table 1: Accuracy of UE calculation of satellite position and velocity.

Proposal 1: Support network-based UE location verification with multiple-RTT with prediction solution based on UE-specific TA report. 
Proposal 2: RAN1 study finer than 1 ms granularity for UE-specific TA report via MAC CE.
Proposal 3: RAN1 study configuration of time interval between each UE-specific TA report to allow sufficient accuracy of the verification of the UE position in single satellite scenario.     

3. Comparison of network-based UE location verification methods

Applicability to single satellite:

· Multiple RTT with prediction: this method can be used for single satellite at least for LEO and MEO and scaled up to multiple satellite. 

· Multiple RTT with measurements: this method can be used for single satellite at least for LEO and MEO and scaled up to multiple satellite. The UE needs to apply UE-specific TA for SRS transmission. gNB cannot estimate ToA from SRS transmission alone as it has no way of knowing UE-specific TA unless it is reported. If UE reports the UE-specific TA with high accuracy, it is not clear what benefit there is in UE transmitting SRS as the ToA can be determined mainly from the UE-specific TA (in other words the MAC CE TA may be close zero if the UE-specific TA report was sent just before the SRS). 

· OTDOA: This method can be used at least for multiple satellites for LEO and MEO. To our understanding,  legacy OTDOA positioning requires a Timing of Arrival (ToA) of a reference serving cell and the ToAs of several cells measured at the UE. The UE keeps synchronized to serving satellite on DL. RAN1 can further discuss applicability of method for single satellite scenario. In particular, how the UE can determine the ToA with only serving cell and how triangulation with several Reference Signal Time Difference (RSTD) measurements based on PRS at different times can be done in core network.

Reliability:
It is unlikely that the UE-specific TA reports for multiple RTT with prediction can be faked in a way consistent with a faked UE GNSS report, a valid a contour on the earth surface defined by the UE-specific TA report, valid RSRP measurements in serving cell and neighbouring cells, and a valid satellite trajectory over a short verification period. 
Likewise, it is unlikely that the UE report of time difference report for multiple RTT with measurements  can be faked in a way consistent with a faked UE GNSS report and a valid satellite trajectory over a short verification period. Similarly, the UE report of RSTD measurements for OTDOA is unlikely.
Note that none of the methods above are completely safe from malicious intent and tampering, but any of these methods would make it extremely difficult to fake the GNSS report and also fake other reports in ways that evade the core network verification. 

Summary of network-based UE location verification methods: 
We summarize benefits and drawbacks of each potential solution in Table 1 below:

	Method
	Single satellite
	Multi satellites
	Accuracy

	OTDOA
	No
	Yes
	Low, depends on SNR, PRS measurement duration

	UTDOA
	No, Angle of Arrival cannot be measured with 1 RX at satellite
	Yes, with UE to  apply UE-specific TA for SRS, ToA cannot be measured from SRS without UE-specific  TA report 
	Low, depends on SNR, SRS measurement duration

	Multiple RTT with prediction - UE-specific TA reports
	Yes
	Yes, with signalling enhancements
	High, does not depend on SNR since prediction can be used

	Multiple RTT with measurements– UE-specific TA report + SRS, PRS
	Yes
	Yes, with signalling enhancements 
	High if used with UE-specific TA report, depends on SNR, PSS/SSS/PRS / SRS measurement duration


Table 1 : Summary of network-based UE location position verification methods

4 Conclusion
In this contribution, the following proposals were made as follows
Proposal 1: Support network-based UE location verification with multiple-RTT with prediction solution based on UE-specific TA report. 
Proposal 2: RAN1 study finer than 1 ms granularity for UE-specific TA report via MAC CE.
Proposal 3: RAN1 study configuration of time interval between each UE-specific TA report to allow sufficient accuracy of the verification of the UE position in single satellite scenario.     

5. Appendix – Evaluation parameters
The following parameters are assumed for the evaluation of RAT dependent positioning methods study in NTN were agreed in RAN1#110:
	Parameter
	Description/Value

	Scenarios 
	Rural, LOS

	Satellite Orbit
	600km, optional: 1200km

	Satellite parameters
	Reuse Set-1satellite parameters as in table 6.1.1.1-1/2 of TR38.821 

	Channel model/ Delay spread
	Based on section 6.7.2 of TR 38.811

	FR/Carrier frequency
	FR1: 2GHz, S-band (n256). Optional: FR2

	BW
	To be reported by companies

	Subcarrier spacing, kHz
	15 for FR1, optional: 120 kHz for FR2

	Number of satellite in view
	1 for single satellite case, [3] for multi-satellite case

	Orbit inclination
	To be reported by companies

	UE type
	Handheld terminal, Optional: VSAT

	UE related parameters
	Handheld UE characteristics as in Table 6.1.1.1-3 of TR38.821 with update of polarization, Tx/Rx antenna gain, and antenna type and configuration as agreed under AI 9.12.1

	Positioning signals (Note 1)
	To be reported

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	To be reported

	RS type of sequence/number of ports
	To be reported

	Number of symbols used per occasion
	To be reported

	number of occasions used per positioning estimate
	To be reported

	Time window for measurement collection
	To be reported

	Interference modelling (ideal muting, or other)
	To be reported 

	Reference Signal Transmission Bandwidth
	To be reported 

	Reference point for timing measurement
	Satellite

	Description of positioning technique / applied positioning algorithm 
	To be reported

	UE speed
	3km/h

	Maximum timing measurement error
	To be reported

	Performance metrics
	Horizontal accuracy (UE 2D position accuracy)

	Additional notes, if any
	Note 1: Time-related measurements can be performed via other downlink and uplink signals than PRS and SRS
 
Note 2: The corresponding link budget should also be reported and the verification procedure should be done within the restriction of minimum elevation angle for service, e.g., 30 degree for LEO
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