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Introduction
One of the objectives of Rel-18 NTN is network verified UE location:
	Network verified UE Location:
[bookmark: _Hlk89953816]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].

[bookmark: _Hlk86407450][bookmark: _Hlk102684345]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.



Further to the above, RAN completed a use case and requirement study [2] where the key recommendation of the study includes the following:

	[bookmark: _Hlk115190243]TR 38.882 Recommendation (Study on requirements and use cases for network verified UE location for Non-Terrestrial-Networks (NTN) in NR (Release 18):
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
-	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



|The following agreements were made during the RAN1#110 [2] and RAN1#110-bis-e [3] meetings.
	RAN1#110
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%
RAN1#110-bis-e
Agreement
For the evaluation of time based positioning methods, further evaluation results taking into account satellite movement between TX and RX measurements should be provided.
· How this is characterised is also reported by companies



This contribution discusses different aspects for consideration in relation to network verified UE location in NTN deployments.
Overview of TN NR Positioning Methods 
RS type, Measurement for Positioning Techniques 
Table 1 and 2 shows a summarized mapping among RS type, positioning measurement and positioning technique already specified for TN networks.
[bookmark: _Ref39405707]Table 1: UE Measurements to enable RAT-dependent positioning techniques
	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	DL PRS
	DL RSTD
	DL-TDOA

	DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	 DL PRS and SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	SSB / CSI-RS for RRM
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	NR E-CID


 
[bookmark: _Ref39405712]Table 2: gNB Measurements to enable RAT-dependent positioning techniques
	DL/UL Reference Signals
	gNB Measurements
	To facilitate support of the following positioning techniques

	SRS for positioning
	UL RTOA
	UL-TDOA

	SRS for positioning
	UL SRS-RSRP
	UL-TDOA, UL-AoA, Multi-RTT

	SRS for positioning and DL PRS
	gNB Rx-Tx time difference
	Multi-RTT

	SRS for positioning,
	AoA and ZoA
	UL-AoA, Multi-RTT



Positioning Reference Signal Configurations
Currently for DL-based positioning techniques (e.g., DL-TDOA, DL-AOD), DL-PRS has been introduced for positioning while in the case of UL-based positioning techniques (e.g., UL-TDOA, UL-AoA), existing SRS has been enhanced to be configured for “positioning”, i.e. SRS for positioning. 
DL-PRS is configured on a hierarchical level in terms of positioning frequency layers, TRPs, resource sets and resources. Furthermore, configurable bandwidths of up to 100 MHz (in FR1) and 400 MHz (FR2) may be configured, which has a direct dependency on the positioning accuracy performance of both timing-based and angle-based schemes. DL-PRS is also designed to optimize “hearability” from the serving TRP/gNB as well as neighbouring TRPs/gNBs, with features such as staggered comb pattern design, power boosting, muting to reduce interference, repetitions to increase reliability and positioning accuracy. 
In the context of NTN, further study is needed on whether the existing DL-PRS or SRS for positioning may be enhanced to compensate for extended propagation delays as well as mobile anchors (e.g., LEO satellites).
Proposal 1: RAN1 to further study enhancements (if needed) to PRS/SRS configuration design for NTN RAT-dependent positioning techniques.
RAT-independent Positioning Techniques
According to TR 38.882 [2], relying only on the GNSS based location information reported by the UE is not considered reliable by SA3-LI [4]. The UE reported location information (for example determined with its GNSS receiver), could be erroneous due to intentional (e.g., maliciously tampering by user or by 3rd party) or unintentional (e.g., interference) causes, hence it cannot be considered trusted by network operators. The TR 38.882 further recommends that:
“It is expected that solutions combining both UE reported GNSS information and network based information for verification of UE location can improve the reliability of core network selection in non-terrestrial networks.”
A further clarification point would be to understand to what extent can RAT-independent methods be combined with RAT-dependent methods to perform location verification.
Proposal 2: RAN 1 to clarify if hybrid positioning methods (RAT dependent and RAT independent) are under the scope of study.
Network verifying UE reported position for NTN
It is recommended to use existing RAT-dependent positioning methods for a network to verify a UE reported position in NTN. The RAT-dependent positioning method may include at least: DL-TDOA, UL-TDOA, DL-AOD, UL-AOA, Multi-RTT and E-CID based schemes. However, due to differences between TN and NTN, NTN-specific characteristics should be taken into account when designing the method for network to verify UE reported position in NTN.
Transparent payload for NTN
In an NTN network, the gNB and gateway are located on the ground, while the satellite may be at different altitudes depending on the type of satellite. A signal is generated by gNB or UE, and forwarded by satellite, and then such a signal is received at UE or gNB, respectively. Additionally, the satellite is constantly moving on pre-defined orbits. These are different features when compared to that of a TN network. In a TN network, a stationary gNB/TRP generates/receive the signal to/from a UE without relaying or forwarding operation. To determine the UE position in an NTN network, using DL/UL-TDOA based solution, the propagation delay difference between satellite(s) (i.e., multiple satellites or a single satellite at multiple time instances) and UE needs further study. Due to satellite movement, the satellite position and the corresponding time instance should be determined based on the signal transmission/reception time instance at gNB side and the satellite orbit, so that the propagation delay difference between gNB and satellite can be determined and then the propagation delay difference between satellite and UE. 
Furthermore, DL/UL-TDOA schemes may require multi-satellite coverage to make use of at least 3 anchors.  The satellite movement presents an additional challenge to this technique. As the satellite is moving, fine timing control is required. Additionally, tight synchronization is also required amongst multiple satellites. For multi-RTT based solution, the satellite position for the DL signal forwarding and the UL signal forwarding may be different due to satellite movement, so it is difficult to calculate the propagation delay between satellite and UE. As a result, Multi-RTT based schemes may need further study in the case of NTN operations.
Proposal 3: RAN1 to further study DL-TDoA/UL-TDoA and Multi-RTT timing-based positioning techniques and associated adaptations for NTN to verify UE reported location.
Proposal 4: For NTN network, UE position is determined based on the propagation delay differences between satellite(s) and UE.
Proposal 5: For NTN network, satellite positions for different time instances are useful to determine the propagation delay difference between satellite and UE.
Proposal 6: Further study application of Multi-RTT based solution to difference scenarios including GEO, LEO, HAPS.
Large coverage range for NTN
Compared with a TN network, an NTN cell/beam covers a comparatively large geographical area. Some of the positioning schemes may not be applicable for an NTN network. In a TN network, the DL and UL angle-based scheme utilize the measurements for each beam to determine an angle range to determine the UE position. The range of a beam is relatively small especially considering communication on mm-wave. However, in NTN network, the angle range/geographical range of a beam is quite large. Considering the positioning accuracy of network verifying UE reported position is comparable to a TN network coverage, angle based scheme may be challenging for an NTN scenario for network to verify the UE reported location. 
NR E-CID method provides a low latency positioning estimates procedure at cell level accuracy, but due to large coverage area of a cell in NTN, obtaining sufficient accuracy by using cell-level accuracy may not be feasible in NTN. However, other measurements such as RSRP, angle of arrival, or time difference measurements may be combined with NR E-CID to increase its accuracy. For example, the accuracy of NR E-CID positioning method may be increased by mapping the RSRP values with the movement of satellites specifically for earth moving cells and single satellite case. In such a configuration, a UE may be configured to report signal strength values (e.g., L1-RSRP, L1-SINR, RSRQ, RSSI) with certain time granularity. With the movement of satellite and cell, for instance, the L1-RSRP values changes over time as new beam approaches to UE. The distance that satellite has moved from first time instance to the time where UE switches to another beam may be mapped on beam movement, i.e., how much the beam footprint has moved relative to earth. This provides an indication of the distance between the UE and the beam edge. 
Consider the example where a UE is located in Beam 1, as shown in Figure 1. The UE measures the L1-RSRP value and reports at time instance t1. At this point, L1-RSRP of Beam 1 has high value while for Beam 2, L1-RSRP corresponds to interference/noise. As the cell moves with the satellite, UE measures L1-RSRP at t2. At this point, a UE is in the intersection area of two beams due to cell movement, and hence it will experience large L1-RSRP values for both beams. The network calculates the distance that the satellite has travelled from t1 to t2 and accordingly calculates how much cell has travelled from t1 to t2 based on satellite distance mapping. Once this distance is known, the network can calculate the distance between the UE and the beam/cell edge, thus increasing the accuracy of positioning compared to E-CID.
[image: ]
Figure 1: An example illustration of distance calculation based on satellite movement for earth moving cells
Proposal 7: RAN1 to further study enhancements for the NR E-CID positioning technique e.g., to include different measurement types such as RSRP, angle of arrival, and time difference measurements, for increasing the accuracy of NR E-CID method.
Verifying based on single satellite at different time instances
In a TN network, for at least for the DL-TDOA method, at least 3 TRPs are used to determine the UE position. At least 3 TRPs are designed to transmit or receive signal simultaneously (at least within a short time range). So inter-TRP synchronization should be guaranteed. With timely measurement and reporting, positioning latency can be guaranteed. In an NTN network, due to satellite moving, it is difficult to see at least 3 TRPs simultaneously as in a multi-satellite case. For the purposes of the study, it is recommended that the scenario using a single satellite at multiple time instances has higher priority than the scenario with multiple satellites.
For the scenario with single satellite and multiple time instances, the satellite positions will be different at different time instances, so the difference of propagation delay between satellite and gNB should be firstly calculated, and then the propagation delay difference between satellite and UE can be determined. Additionally, there may be some other issues for single satellite and multiple time instances, such as the SSB transmission timing may change, or the common TA indicated by network and UE-specific TA calculated by UE itself may also change for different time instances. Schemes for network to verify UE reported location should consider the characteristics of single satellite and multiple time instances.
Proposal 8: Characteristics for single satellite and multiple time instances should be taken into account when designing schemes for the network to verify UE reported location.
Conclusion
The corresponding proposals are summarized as follows:
Proposal 1: RAN1 to further study enhancements (if needed) to PRS/SRS configuration design for NTN RAT-dependent positioning techniques.
Proposal 2: RAN 1 to clarify if hybrid positioning methods (RAT dependent and RAT independent) are under the scope of study.
Proposal 3: RAN1 to further study DL-TDoA/UL-TDoA and Multi-RTT timing-based positioning techniques and associated adaptations for NTN to verify UE reported location
Proposal 4: For NTN network, UE position is determined based on the propagation delay differences between satellite(s) and UE.
Proposal 5: For NTN network, satellite positions for different time instances are useful to determine the propagation delay difference between satellite and UE.
Proposal 6: Further study application of Multi-RTT based solution to difference scenarios including GEO, LEO, HAPS.
Proposal 7: RAN1 to further study enhancements for the NR E-CID positioning technique e.g., to include different measurement types such as RSRP, angle of arrival, and time difference measurements, for increasing the accuracy of NR E-CID method.
Proposal 8: Characteristics for single satellite and multiple time instances should be taken into account when designing schemes for network to verify UE reported location.
References
[1] [bookmark: _Ref7816821][bookmark: _Ref21117639]RP-221819, “Revised WID: NR NTN (Non-Terrestrial Networks) enhancements”, RAN#96, June. 2021.
[2] 3GPP TR 38.882, “Study on requirements and use cases for network verified UE location for Non-Terrestrial-Networks (NTN) in NR”, V18.0.0, June 2022.
[3] R1-2208150, “Session notes for 9.12 (NTN (Non-Terrestrial Networks) enhancements)”, Ad-Hoc Chair (Huawei), RAN1#110, Aug. 2022.
[4] R1-2210694, “Session notes for 9.11 (NTN (Non-Terrestrial Networks) enhancements)”, Ad-Hoc Chair (Huawei), RAN1#110-bis-e, Oct. 2022.



4

image1.png
o é )5 a P

cell\  cell cell

Reporting
point

Satellite and cell movement

RSRPlevel





