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1 Introduction
In RAN#98 [1], the revised WID on NR NTN enhancements was endorsed. The objective for network-based UE location verification is as follows:Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.

Note 1: Enhancements assume reuse of the RAT dependent positioning framework
Note 2: The specification of DL-TDOA enhancements will be subject to the study of the impact of realistic UE clock drift onto DL-TDOA performance
Note 3: The target accuracy for position verification purposes is as documented in clause « recommendations » of the 3GPP TR 38.882 (i.e. 10 km granularity)
Note 4 : Multiple satellite in view by the UE may be considered if time allows
Note 5 : The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved
Note 6 : The enhancements should take into account the mirror-image ambiguity
Note 7 : Network verified UE location is an optional UE feature


The conclusions of RAN1 study phase for multi-RTT to support the network verified UE location in NTN assuming a single satellite in view are as follows:Conclusion:
For network verification of UE location in NR NTN with single satellite in view with multi-RTT positioning: 
· From RAN1 perspective, if the UE’s Rx-Tx time difference measurements report can be assumed to be trusted, multi-RTT positioning method using Rx-Tx time difference measurements can meet the accuracy requirement of less than 10km with 90% confidence, in case of:
· At least LEO600 based deployment
· Earth fixed cells
· Earth moving cell at least if UE dwell time within the cell is enough to perform at least two RTT measurements
· Note: the required over-the-air latency reported in evaluations ranged from less than 10s up to 180s

Conclusion
For network verification of UE location in NR NTN based on multi-RTT using UE RX-TX time difference report, if the UE reports needed to perform multi-RTT can be assumed to be trusted, existing multi-RTT framework may be reused with potential enhancements to adapt it to NTN context. This may include, but not limited to:
If justified: NTN-specific definition of UE RX-TX time difference, including as an example, potential modifications to UE Rx – Tx time difference to enable network verification of UE location without introducing any additional measurements at the UE (with respect to Rel-17 NTN)
The following is not precluded: the UE Rx – Tx time difference is defined as TUE-RX – TUE-TX, where TUE-RX – TUE-TX is directly derived from the timing advance TTA applied by the UE at a given subframe.
Above does not imply that the relevant work is prioritized.
Other assistance data (e.g. ephemeris) to be transferred from gNB to the LMF.
If justified: Other assistance data (e.g. to resolve ambiguity on mirror position issue) to be transferred from UE to LMF
If justified: Adaptations enabling Rx-TX measurements for Multi-RTT involving multiple cells within the same satellite
For network verification of UE location in NR NTN based on DL-TDOA positioning, if the UE reports needed to perform DL-TDOA positioning can be assumed to be trusted, existing DL-TDOA positioning framework may be reused with potential enhancements to adapt it to NTN context.


The outcome of the RAN-level study phase was a new TR 38.882. The following key recommendations were made in Section 5 of TR 38.882 as copied below [2]:· 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.



SA2 LS Response on Latency impact for NTN verified UE location requested that location verification be capable of being completed within a period of approximately 1 minute maximum and 30 seconds preferably [3].

2 Method for Multiple RTT positioning using Timing Advance 
Procedure with UE Rx – Tx time difference TUE-RX – TUE-TX  directly derived from timing advance TTA:
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 can be determined in two ways: 
· by the UE using its location and the satellite ephemeris to calculate and report the UE-specific TA at time t0, t1, t2, t3 as the UE Rx – Tx time difference TUE-RX – TUE-TX. The legacy multi-RTT report mechanisms can be re-used with the UE Rx – Tx time difference set to the Timing Advance as calculated at the UE, instead of using DL PRS measurements.  
· by the gNB and UE based on UL and DL measurements respectively at time t0, t1, t2, t3. The serving gNB measures its gNB Rx-Tx time difference from UE SRS transmission on UL. The UE measures and reports its UE Rx-Tx time difference from DL PRS. 
The measured timing difference at gNB and at UE are used by the core network Location Management Function (LMF) to verify the UE location. 
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[bookmark: _Ref125722508]Figure 1 Multiple RTT positioning with single satellite
Network verified UE location with Multiple RTT positioning with single satellite using Timing Advance is illustrated in Figure 2. The propagation time between TRP1 and UE is denoted by tof1. The time offset between the boundary of TRP1 transmission in serving gNB and the boundary of UE reception is also equal to tof1 since UE may adjust its FFT window to align with the first arrival path timing. Assuming the UE RX symbol boundary is adjusted to meet the propagation time and no further movement between UE and TRP, the UE will observe CIR with first path at t=0. The serving gNB TRP’s TX and RX boundary are aligned as shown on the figure, where gNB RX-TX = 0. We have UE RX-TX = 2*tof1 and TA = 2*tof1. Since the TA is calculated by the UE RX boundary and UE RX-TX is calculated by the received timing of signal, the transmission timing for TA and UE RX-TX is the same.

The UE report NTN UE RX-TX time difference = TUE-RX – TUE-TX directly derived from the timing advance, TTA, including NTN terms  and  – i.e. there is no PRS measurement. 



UE Rx – Tx time difference legacy R17 granularity is assumed for the report of UE Rx-Tx time difference directly derived from the timing advance, TTA, (i.e., Granularity of absolute RxTxTimeDiff report is 1, 2, 4, 8, 16, 32 * Tc based on k=0, 1, 2, 3, 4, 5 value in TS 38.133 clause 10.1.25.3.1). The UE Rx – Tx time difference is reported by UE at multiple time instances t0, t1, t2, … gNB can report the measured gNB Rx – Tx time difference from PRACH/SRS/DM RS to LMS in network  
[bookmark: _Ref125722518]
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Figure 2 Network verified UE location with Multiple RTT positioning using Timing Advance 


Enhanced procedure:
The UE can derive UE Rx – Tx time difference = TUE-RX – TUE-TX directly from TTA and sends the UE Rx – Tx time difference report linked to UL measurement occasions for gNB Rx-Tx time difference. This has no additional complexity in the device. It has the following advantages
· UL measurement occasions may be configured close to Epoch time within a time Offset of {0, 1, .., N} slots via dedicated RRC signalling or broadcast on SIB. 
· The timing error of propagation is minimized for small values of N. 
· The ephemeris broadcast on Rel-17 NTN SIB is very accurate at Epoch time.
· UL measurement occasions can be configured slots for SRS, PRACH, DMRS if transmitted as part of multi RTT positioning configuration.
· UE may be triggered to re-acquire ephemeris information before starting RTT positioning procedure to report UE Rx – Tx time difference TUE-RX – TUE-TX 
The above procedure avoids the case where the network sends a command TA or there is some clock drift impairments between time UE reports UE Rx – Tx time difference and time UE transmits SRS. The UE can predict the TTA up to the time the SRS is transmitted by the UE, or optimally up to the time the SRS is received at the gNB.
If the gNB receives the PRACH/ SRS/DMRS during UL measurement occasions and receive the report of UE Rx – Tx time difference derived directly from the TA, it can measure and correct any residual timing error caused by the accuracy of the terms in the TTA formula. 

Differences/benefits relative to the legacy multi RTT Measurement method:
Rel-17 NR Multi RTT position procedure is specified method for cellular NR positioning. The key difference for NTN with the legacy multi RTT positioning procedure applied for NTN is that UE Rx – Tx time difference TUE-RX – TUE-TX is linked to UL measurement occasions for gNB Rx-Tx time difference in multi RTT position procedure for NTN system. The UE Rx – Tx time difference TUE-RX – TUE-TX is directly derived from the calculated Timing advance up to the time the SRS is transmitted by the UE, or up to the time the SRS is received at the gNB. The main benefits of the enhanced Multiple RTT positioning using Timing Advance compared to the legacy Multiple RTT positioning using PRS measurements are as follows:
· Avoids timing error introduced due to satellite moving between time the RTT UE Rx – Tx time difference TUE-RX – TUE-TX based on PRS measurements is reported and time the gNB makes measurements with SRS. 
· No additional measurements needed in the UE since PRS are not used. 
· Does not depend on SNR conditions or measurement timing errors at the UE since PRS is not used.
· Avoid need for serving gNB to schedule PRS at multiple time instances which saves network resources since PRS does not need to be scheduled by serving gNB at multiple time instance. 

Based on the above, we make the following proposals:

Observation 1: In multi-RTT positioning method with single satellite, linking the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA to UL measurement occasions avoids the risk the network sends a command TA or clock drift impairments between time UE reports UE Rx – Tx time difference and UE transmit SRS.

Observation 2: If the gNB receives the PRACH/ SRS/DMRS during UL measurement occasions and receive the report of UE Rx – Tx time difference derived directly from the TA, it can measure and correct any residual timing error caused by the accuracy of the terms in the TTA formula and other impairments to mitigate the timing error. 

Proposal 1: In multi-RTT positioning method with single satellite, UE Rx – Tx time difference TUE-RX – TUE-TX   can be directly derived from timing advance TTA re-using the legacy R17 granularity for the report of UE Rx – Tx time difference.

Proposal 2: In multi-RTT positioning method with single satellite, the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA is linked to UL measurement occasions for gNB Rx-Tx time difference. 

3 Analysis
Multiple-RTT method with prediction with UE-specific TA report can be used in 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. 
Observation 3: The accuracy of network-based UE location verification with multiple-RTT with prediction solution based on UE-specific TA report does not depend on SNR conditions or measurement timing errors at the UE or gNB.  

The multiple-RTT method with prediction with UE-specific TA report with single satellite is the simplest method to verify UE location.  Since the RTT can be calculated from GNSS location (which must be available at the UE with an accuracy of around 100 m to transmit on the uplink) and the ephemeris, it does not rely on PRS measurements at the UE or SRS measurements at the gNB. This method does not depend on the SNR conditions or timing measurement errors experienced at the UE or the gNB.  It is sufficient if the UE can decode SIB19 with the satellite ephemeris. Table 1 shows the accuracy of UE calculation of satellite position and velocity. Assuming the calculation of TA is a few seconds ahead at the UE, the accuracy of the TA can be well within 20*Tc, or about 10 ns. We believe this is a reasonable assumption assuming the UE has read the ephemeris on SIB19 and acquired GNSS location fix just before determining the UE RX-TX time difference determined directly from the TA. 
If the reference point for the network-based UE location verification is at the satellite, the common TA can be signalled to the LMS to simplify the triangulation for the UE location verification. The UE may then determine the UE RX-TX time difference directly from the TA after subtracting the common TA term. We think these optimization aspects can be further discussed in RAN1. We believe that the accuracy of the TA for determining directly the UE RX-TX time difference can be much more accurate than the RAN4 requirement for the UL transmit timing error that can be 29*64*Tc, or about 944 ns, for 15 kHz SCS. Further, since the SRS is transmitted for measurements of the gNB RX-TX time difference, any inaccuracy in the UE RX-TX time difference determined directly from the TA can be corrected in the gNB as previously discussed. We make the following observation:
Observation 4: The accuracy of the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA can be in the order of 20 Tc, or about 10 ns. 
Observation 5: The common TA can be signalled to the LMS to simplify the triangulation for the UE location verification.

	Prediction time [s]
	2 s
	5 s
	10 s

	Delay error with ephemeris 
	0 us
	0.0006 us
	0.003 us


[bookmark: _Hlk118479010]Table 1: Accuracy of UE calculation of UE-satellite delay with ephemeris.

	Prediction time [s]
	2.2 s
	5.5 s
	10.9 s

	Delay error with common TA parameters 
	0.006 us
	0.009 us
	0.03 us


Table 1: Accuracy of UE calculation of satellite-Reference Point delay with common TA parameters.

[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. For Network-based UE location verification, a finer accuracy than 1 ms granularity would be needed to avoid large position error for each TA report (1 ms * 3.108 m/s / 2 = 150 km). 

4 Conclusion
In this contribution, the following proposals were made as follows

Observation 1: In multi-RTT positioning method with single satellite, linking the UE Rx – Tx time difference = TUE-RX – TUE-TX  report directly derived from  TTA to UL measurement occasions avoids the risk the network sends a command TA or clock drift impairments between time UE reports UE Rx – Tx time difference  and UE transmit SRS.
Observation 2: If the gNB receives the PRACH/ SRS/DMRS during UL measurement occasions and receive the report of UE Rx – Tx time difference derived directly from the TA, it can measure and correct any residual timing error caused by the accuracy of the terms in the TTA formula and other impairments to mitigate the timing error. 

Proposal 1: In multi-RTT positioning method with single satellite, UE Rx – Tx time difference TUE-RX – TUE-TX  can be directly derived from timing advance TTA re-using the legacy R17 granularity for the report of UE Rx – Tx time difference.
Proposal 2: In multi-RTT positioning method with single satellite, the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA is linked to UL measurement occasions for gNB Rx-Tx time difference. 

Observation 3: The accuracy of the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA does not depend on SNR conditions or measurement timing errors at the UE since PRS is note used.  
Observation 4: The accuracy of the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA can be in the order of 20 Tc, or about 10 ns. 
Observation 5: The common TA can be signalled to the LMS to simplify the triangulation for the UE location verification.

5 Appendix Legacy multi-RTT specification in NR positioning

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
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