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Introduction
The Release-18 NR NTN enhancement work item was approved in RAN #94e meeting [1] and updated in RAN #98e meeting [2].

In RAN1 #111 meeting [3], [4], a list of observations and conclusions on network verified UE location were made, as shown in Appendix. 

In the NR NTN work item, the objective of network verified UE location was updated from study phase to work phase. The detailed objective is copied below:

	4.1.3	Network verified UE location

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



In this contribution, we provide our views on network verified UE location.
Discussion
In NR terrestrial network positioning methods, it is generally assumed that at least three gNBs are involved in the positioning procedure. For example, the RTT between UE and three gNBs are calculated. Based on the geographic locations of these three gNBs, the UE location is estimated. 

In NR NTN deployment, a UE is likely covered by only a single satellite. According to WID [2], RAN is 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. In NTN NGSO scenario, serving satellite moves, which creates a series of virtual gNB locations. This facilitates the reuse of RAT dependent positioning framework. 

In terrestrial network positioning procedure, the locations of gNBs are fixed. The geographical coordinates information of gNBs are reported to LMF. In NTN NGSO scenario, the serving satellite keeps moving. Reporting of satellite’s geographical coordinates information at different time instants to LMF will be inefficient. Instead of multiple satellite’s geographical coordinates information report, gNB reports to LMF the satellite ephemeris information. 

Proposal 1: For network verifying UE location, gNB reports to LMF the satellite ephemeris information.

In terrestrial network with multi-RTT positioning method, gNB makes PRS transmissions and UE measures the timing of receiving PRS. Subsequently, UE makes SRS transmissions and gNB measures the timing of receiving SRS. Both UE and gNB report their respective Rx-Tx time differences to LMF. The geographical location of gNB is known to LMF beforehand. 

In NTN network verifying UE location using multi-RTT method, the similar procedure is applied. Besides gNB reporting satellite ephemeris information to LMF, gNB additionally reports the satellite timing of PRS transmission and SRS reception. With satellite ephemeris information and the satellite timing of PRS transmission and SRS reception, LMF can obtain satellite’s geographical location when transmitting PRS and receiving SRS. 

Proposal 2: For network verifying UE location using multi-RTT method, gNB reports to LMF the satellite timing of PRS transmission and the timing of SRS reception. 

In terrestrial network with multi-RTT positioning method, gNB is assumed to have a fixed location and the distance between gNB and UE does not have a significant change during a single RTT measurement. 

However, in NTN, a satellite speed is up to 7.8 km/s. In other words, the distance between UE and satellite may change during each single RTT measurement. This distance change affects the accuracy of UE location estimation, which needs to be taken into account in the multi-RTT positioning method. One way to mitigate the impact of satellite movement in multi-RTT positioning method for NTN is to restrict the time gap between UE receiving DL PRS and transmitting UL SRS. 

Proposal 3: For network verifying UE location using multi-RTT method, restrict the time gap between UE receiving PRS and UE transmitting SRS. 

In the evaluation of network verifying UE location with single satellite in view, it was observed [3], [4] by several companies that for a UE located near the orbital plane of a satellite, it is hard to simultaneously satisfy the accuracy requirement (e.g., 10 km), the latency requirement (e.g., less than 60 second), or reliability requirement (e.g., 90% probability). This observation applies to both multi-RTT positioning method and DL-TDoA positioning method. The main reason of this performance degradation is the large overlapping area between rings from multiple RTT measurements or RSTD measurements. It seems that this issue results from the nature of physics and is hard to be addressed. Instead of verifying UE location with low accuracy, larger latency, or low reliability, we prefer that network does not verify UE location if the UE is located near satellite orbit region. 

Proposal 4: For network verifying UE location, the multi-RTT method is not applied to a UE near satellite orbit region.

In WID on the objective of network verified UE location, the third note indicates that the target accuracy for position verification purpose is as documented in [5] (i.e., 10 km granularity). The terrestrial macro cell size is assumed to be up to 5-10 km. This cell size is generally accurate enough to support the regulatory services (e.g., lawful intercept, public warning, charging/billing). A smaller accuracy in network verified UE location is unnecessary and will raise a serious UE privacy concern. Hence, it is desirable to limit the lower bound of network verifying UE location. 

It is known that the accuracy level of multi-RTT method is closely related to the number of RTT measurements. The more RTT measurements, the more accuracy. Hence, one way to limit the lower bound of network verifying UE location is to restrict the total number of RTT measurements within a certain time period in multi-RTT method. 

In NR positioning for terrestrial network, a UE capability is defined for the duration of DL PRS symbols  in units of milli-second that UE can process every  ms. This implies the maximum number of DL PRS measurements within a time duration. Like NR positioning, for NTN network verifying UE location using multi-RTT method, we could have the corresponding UE capability to define the maximum number of measurements within a time duration. 

Proposal 5: For network verifying UE location using multi-RTT method, similar to NR positioning, it is up to UE capability to define the maximum number of measurements within a time duration.

In the discussions of multi-RTT positioning method in past RAN1 meetings, there is a proposed scheme that RTT measurement can be done in NTN by UE transmitting an UL reference signal followed by a report of the total TA applied to the reference signal. The network determines the RTT as the sum of the reported total TA and timing error of the UL reference signal.

In WID on the objective of network verified UE location, the first note indicates the enhancements assume reuse of the RAT dependent positioning framework. However, the above proposed scheme is different from the legacy multi-RTT positioning method. It is based on the one-way transmission and is not strictly speaking as a multi-RTT positioning method. Hence, this scheme does not fall into the scope of this objective. 

Furthermore, the fifth note of the objective of network verified UE location indicates that the enhancements may be subject to relevant SA WGs feedbacks on the reliability of UE reports involved.
In the above proposed scheme, UE reported TA is obtained based on UE’s GNSS measurement. Since the motivation of the network verified UE location is that UE reported location based on GNSS measurement could be erroneous, UE reported TA is likely to be faked and untrusted. Hence, we do not support the scheme that RTT is obtained as the sum of UE reported total TA and the timing error of the uplink reference signal. 

Finally, the UE reported TA in Rel-17 NR NTN is in the unit of slots in 15 kHz SCS for FR1. In other words, the reported TA is in the unit of milli-second. This implies the accuracy of UE reported TA is only about 150 km, which is much larger than accuracy requirement of 10 km for this objective. It was proposed that the granularity of UE reported TA is further reduced to achieve a better positioning accuracy. Note that the UE reported TA is for the uplink scheduling purpose and this value is known to gNB. Further reducing the granularity of UE reported TA implies that more accurate UE’s location is leaked to gNB. This raises UE privacy concern.

Proposal 6: For network verifying UE location using multi-RTT method, do not support the scheme that RTT is obtained as the sum of UE reported total TA and the timing error of the uplink reference signal. 

In WID on the objective of network verified UE location, the sixth note indicates the enhancements should take into account the mirror-image ambiguity. Note that in both multi-RTT method and DL-TDoA method, the mirror-image ambiguity always exists. LMF cannot distinguish the two UE locations symmetric to the satellite orbit. 

In our view, the mirror-image ambiguity can be addressed by gNB measuring the angle of arrival (AoA) of uplink signals. This measurement is based on gNB implementation. gNB reports this angle of arrival information to LMF. 

Proposal 7: For network verifying UE location using multi-RTT method, the mirror-image ambiguity issue is addressed by gNB implementation of measuring angle of arrival of uplink signals. This angle of arrival information is reported from gNB to LMF.  

Conclusion
In this contribution, we provided our views on network verified UE location for NR NTN. Our proposals are as follows:

Proposal 1: For network verifying UE location, gNB reports to LMF the satellite ephemeris information.

Proposal 2: For network verifying UE location using multi-RTT method, gNB reports to LMF the satellite timing of PRS transmission and the timing of SRS reception. 

Proposal 3: For network verifying UE location using multi-RTT method, restrict the time gap between UE receiving PRS and UE transmitting SRS. 

Proposal 4: For network verifying UE location, the multi-RTT method is not applied to a UE near satellite orbit region.

Proposal 5: For network verifying UE location using multi-RTT method, to ensure UE location verification accuracy no less than 5 km to avoid any privacy concern, restrict the total number of measurements within a certain time period in multi-RTT method.

Proposal 6: For network verifying UE location using multi-RTT method, do not support the scheme that RTT is obtained as the sum of UE reported total TA and the timing error of the uplink reference signal. 

Proposal 7: For network verifying UE location using multi-RTT method, the mirror-image ambiguity issue is addressed by gNB implementation of measuring angle of arrival of uplink signals. This angle of arrival information is reported from gNB to LMF.  
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Appendix: RAN1 #111 observations and conclusions
Observation
For network verified UE location based on multi-RTT positioning method using Rx-Tx time difference measurements with single satellite, assuming the ambiguity of the mirror image position is resolved, if the UE reports needed to perform multi-RTT can be assumed to be trusted:
· Five sources observed that multi-RTT positioning method can meet the NTN UE location verification accuracy requirement for LEO 600km:
· Four sources observed that the positioning horizontal accuracy of less than 10km can be achieved with few seconds over-the-air latency (less or equal to 10s) with 95-percentile confidence level.
· Regarding the above observation, the following inputs were reported by companies:
· One source reported that the timing measurement error of SRS is smaller than 232 ns with 95% probability. And the timing measurement error of PRS can be smaller than 13ns and 16ns with 95% probability under the bandwidth of 8.64 MHz and 4.5 MHz, respectively. This source, reported also that  satellite’s movement  between TX and RX measurements is taken into account in the evaluation.
· One source reported that the timing measurement error is around 11ns for PRS detection with PRS bandwidth of 9.36 MHz. While for the SRS measurement, the maximum timing error is around 50ns with SRS bandwidth of 9.36 MHz. Further, this source, proposed that the RTT estimation error due to the movement of the satellite should be taken into account.
· Note: this source provided results using 2D positioning method is used.
· One source considered the maximum timing measurement error: 30ns, 50ns, 100ns, 200ns and uniform distribution of timing measurement error.
· One source reported that the timing measurement error of 95 percentile is equal to 8ns and 12.6ns for PRS and SRS respectively with an oversampling of 8. To take into account satellite movement between TX and RX measurements, for RTT calculation this source observed that the RTT between a satellite and a UE at time t0 can be approximated by the sum of the one-way delay at t0-T and the one-way delay at t0+T when T is small, e.g., less than 200 ms.
· One source observed that the positioning horizontal accuracy of less than 10km can be achieved with  180 seconds latency for earth fixed beam with 90-percentile confidence level
· This source reported that the timing measurement error of SRS and PRS can be smaller than 26.7ns and 6.1ns respectively with 95% probability under 30 degree elevation angle for LEO-600. Further, it observed that the satellite movement is taken into consideration when calculating the RTT.
· Two sources observed that multi-RTT positioning method require latency larger than 60 seconds for UE located nearby the orbital plane of a satellite during a certain time duration.
Note 1: Some companies observed that when 2D positioning method is used (e.g. when UE altitude is known to the network) better positioning latency/accuracy can be achieved compared to 3D positioning method.

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

Observation
For network verified UE location based on DL-TDOA positioning method with single satellite:
Eight companies commented on the suitability of the method: Assuming the ambiguity of the mirror image position is resolved and if the UE reports needed to perform DL-TDOA can be assumed to be trusted:
· Five sources observed that DL-TDOA positioning method can meet the NTN UE location verification accuracy requirement for LEO 600km without considering UE Clock drift:
· Four sources observed that the positioning horizontal accuracy of less than 10km can be achieved with 30 seconds or less:
· One of these 4 sources observed that horizontal positioning error is equal to 2.5km with 95% probability.
· This source reported that the timing measurement error is around 11ns for PRS detection with PRS bandwidth of 9.36 MHz
· Note 1: this source provided results using 2D positioning method.
· One of these 4 sources observed that horizontal positioning error of DL-TDOA via PRS with 3 RSTDs and a latency of 24s is equal to 5.33km with 90% probability and 8.92km with 95% probability.
· This source reported that the timing measurement error of PRS can be smaller than 13ns and 16ns with 95% probability under the bandwidth of 8.64 MHz and 4.5 MHz, respectively.
· This source observed that existing CSI RS can be used to meet the requirement with comparable latency
· One of these 4 sources observed that horizontal positioning accuracy for a latency of 30s with SNR of 5dB and with 90% probability is equal to 9.44km.
· This source observed that the maximum timing measurement error that can be allowed to meet the accuracy requirement of 10km is about 80ns.
· One of these 4 sources observed the horizontal positioning accuracy of less than 10km can be achieved for 90% of UEs with 12 seconds latency and for 95% of UEs with 20 seconds latency.	
· The maximum time measurement error considered by this source is equal to 6ns
· One source observed that the horizontal positioning error of DL-TDOA method can be smaller than 10 km with over 80% probability with 180 seconds latency.
· This source reported that the timing measurement error of PRS can be smaller than 6.1ns with 95%
· [bookmark: _Hlk119665285]One source observed that the geometry of UE location relative to the satellite orbit will impact the positioning performance in DL-TDOA method e.g. for UE’s location at 200km away from the orbital plane, the NTN UE location verification accuracy requirement can be met and the positioning error of DL-TDOA method can be smaller than 10 km with 95% probability (for UE’s location at 200km away from the orbital plane) and a latency of 220 seconds in case of LEO600km and 342 seconds in case of LEO1200km. For UE located under the satellite orbit, NTN UE location verification accuracy requirement can be meet only with 30% probability.
· This source considered 10 ns UE Clock drift for all time measurement window.
· Position accuracy requirements may not be met if realistic assumption on UE clock drift is considered.

Observation
For network verified UE location based on UL-TDOA positioning method with single satellite:
Two companies commented on the suitability of the method: Assuming the ambiguity of the mirror image position is resolved and if the measurements needed to perform UL-TDOA can be assumed to be trusted:
· One source observed that UL-TDOA cannot meet the target requirement for both earth fixed beam and earth moving beam. With 180s latency, positioning error performance that can be achieved is 34 km, CDF=90% and 13km, CDF=80%.
· This source reported that the timing measurement error of SRS can be smaller than 26.7ns with 95% probability under 30 degree elevation angle for LEO-600 set-1, rural LOS S-band scenario.
· One source observed that the geometry of UE location relative to the satellite orbit will impact the positioning performance in UL-TDOA method e.g. for UE’s location at 200km away from the orbital plane, the NTN UE location verification accuracy requirement can be met and the positioning error of UL-TDOA method can be smaller than 10 km with 95% probability (for UE’s location at 200km away from the orbital plane) and a latency of 220 seconds in case of LEO600km and 342 seconds in case of LEO1200km. For UE located under the satellite orbit, NTN UE location verification accuracy requirement can be meet only with 30% probability.

Conclusion
For network verification of UE location in NR NTN with single satellite in view with DL-TDOA positioning: From RAN1 perspective, if the UE’s RSTD measurements report can be assumed to be trusted, DL-TDOA positioning method 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 RSTD measurements
Note 1: the above is based on evaluation results that didn’t account for UE Clock drift
Note 2: the required over-the-air latency reported in evaluations ranged from less than 20s up to 180s
Note 3: The requirements of Network verification of UE location may not be met if realistic assumption on UE clock drift is considered.

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.
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