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As part of Release 18, a new work item is proposed to define enhancements for NG-RAN based Non-Terrestrial Networks in order to [1]:Address requirements, if needed based on the FS_NR_NTN_netw_verif_UE_loc study outcome, which mandate the network to cross check the UE location reported by the UE, which needs to be carried out in order to fulfil the regulatory requirements (e.g., Lawful intercept, emergency call, Public Warning System, …) regarding a network verified UE location i.e., to be able to check the UE reported location information (e.g. estimate UE location at the network side) and specify if needed mechanisms to fulfil the regulatory requirements.
RAN level study [ RP-221820] on requirements and use cases for network verified UE location for Non-Terrestrial-Networks (NTN) in NR is now completed. 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.

The following RAN1 agreements on Network verified UE location for NR NTN were made at RAN1 Meetings #110 and #110bis [17] :

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%

Agreement
Deprioritize the discussion on UE location verification during initial access.

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 characterized is also reported by companies


The agreement on the evaluation of RAT dependent positioning methods study in NTN made at RAN1#110 is given in the appendix.

In this contribution we discuss potential solutions for network to verify UE reported location information: The evaluation of multi-RTT based positioning method with a single satellite in view is given in section 6. UL-AoA based positioning techniques and NR NTN Enhanced cell ID positioning methods are discussed in sections 7 and 8 respectively.

WID Background
With NTN, it is possible to deploy very large cells, covering possibly different countries, with the different core networks for the various countries as illustrated in Figure 1, or covering an international area (e.g. an aeronautical or maritime location) with leakage in an adjacent country as shown in Figure 2. In such a scenario, it may not always be possible to correctly determine the appropriate core network for a connecting UE, especially close to country borders, because the serving cell information may not be enough. 
These new scenarios should be considered for network/PLMN selection and Regulatory aspects of satellite communication. In this regards, SA3-LI has established the requirement that "any solution shall support the ability to enforce the use of a Core Network of PLMN in the country where the UE is physically located". 
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Figure 1 satellite cell providing coverage over several countries
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Figure 2 satellite cell covering an international area
Further, under the assumption that UEs accessing a satellite are equipped with a GNSS receiver, the PLMN selection procedure was updated in Release 17. The UE first determines in which country it is located and selects a PLMN in accordance to this location. To do that reliably, the location of the UE should be determined/verified by the network and not by the UE itself. Moreover, regulatory aspects of satellite communication have been addressed by 3GPP in TR 22.926: “Guidelines for extraterritorial 5G Systems (5GS)”.The main conclusion in 3GPP TR 22.926 is that regulatory requirements can generally be addressed by determining the location of the UE.
Regulatory requirements can be addressed by determining the location of the UE.

However, a malicious UE might "fake" its selected PLMN in order to attempt connecting to a different core network. 
The UE may send GNSS measurements to the RAN over RRC, but this has at least the following drawbacks:
-	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. 
-	Sending GNSS measurements over RRC before AS security is set up raises security and privacy issues.
The UE reported location information cannot be considered trusted by the network.

Because of the above, relying only on signalling GNSS measurements over RRC is not considered a viable solution to this issue. Some further observations:
a)	At least some of the information the UE supplies to the network will have to be considered as trusted, to avoid extreme conclusions (at least RRC measurements cannot be faked); 
b)	Core networks connecting to the same shared RAN will always require some degree of common coordination / configuration: this is typically the case for network sharing (especially MOCN). For NTN, this may include e.g. specific timer settings/behaviour for UE connection attempts;
c)	Due to mere traffic load considerations, it may not be desirable to cover whole portions of a continent, including multiple countries, with a single cell. Therefore, in real deployments the served cell information may typically be more granular than in the extreme case envisaged so far.
The above has been deemed sufficient to mitigate the issue in Rel-17.
That being said, A 5G system with satellite access shall be able to determine a UE's location in order to provide service (e.g. route traffic, public warning system, lawful interception, emergency services,…) in accordance with the governing national or regional regulatory requirements applicable to that UE.
Because of this, even when providing services over entire continents with NTN, there is no “globally harmonized” set of requirements that overrules local ones. This is also valid for UE location information. In this respect, there is no difference between NTN and terrestrial networks.
Because of the above, for NTN the same required granularity for UE location information estimated via GNSS  and verified by the Network should be considered as for terrestrial networks.

A 5G system with satellite access shall be able to determine a UE's location in order to provide service (e.g. route traffic, public warning system, lawful interception, emergency services,…)
WF based on 3GPP TR 38.882
TR on Study on requirements and use cases for network verified UE location for Non-Terrestrial-Networks (NTN) was approved in RP-221875 at RAN#96.
The outcomes of the study are summarized as follow:  
· The need to define a network based solution which aims at verifying the reported UE location information was identified.
· 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.
Further, as per TR 38.882, 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

Verification of UE location principles
As specified in TS 23.502 (clause 4.2.2.2.2 and 4.2.3) and in TS 23.501 (clause 5.4.11.4 ) for NR satellite access, in order to ensure that the regulatory requirements are met, the network may be configured to enforce that the selected PLMN is allowed to operate in the current UE location by verifying the UE location during Mobility Management and Session Management procedures: For a UE using NR satellite access, when the AMF receives a NGAP message containing User Location Information (ULI) the AMF may decide to verify the UE location, as illustrated in Figure 3:
· If the AMF determines based on the Selected PLMN ID and ULI (including Cell ID) received from the gNB that it is not allowed to operate at the present UE location the AMF should reject any NAS request or may initiate deregistration of the UE if the UE is already registered to the network when the AMF determines that it is not allowed to operate at the present UE location.
· If the AMF, based on the ULI, is not able to determine the UE's location with sufficient accuracy to make a final decision, the AMF proceeds with the Mobility Management or Session Management procedure and may initiate UE location procedure after the Mobility Management or Session Management procedure is complete, as specified in clause 6.10.1 of TS 23.273, to determine the UE location
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Figure 3 Verification of UE location during registration procedure
Further, network-verified UE location has been discussed at RAN3 #117-e meeting, it was agreed that [14]:
•	The verification is performed in the CN.
•	If the reported UE location is not correct, the CN will take necessary action and Rel-17 behavior can be kept as baseline. 
The RAN3 agreements are fully consistent with the current LCS architecture. Once the UE is connected, the AMF triggers the location services request toward the LMF, which processes it and returns the result to the AMF. The AMF can then take the necessary action.

Potential solutions for Rel-18 Network verified UE location
Positioning methods in TN
The existing positioning methods supported for NG-RAN access are described in [3GPP TS 38.305]. They are recopied within the table below and can be generally categorized into the following two categories: 
2.	3GPP positioning technologies/methods based on NR or LTE signals: DL-TDOA, DL-AoD, Multi-RTT, NR E-CID, UL-TDOA, UL-AoA, OTDOA and E-CID. They are highlighted in green below.
1.	Non-3GPP positioning technologies/RAT-independent techniques, highlighted in orange below,  based on external systems/sensors and network assistance: A-GNSS, Sensor, WLAN, Bluetooth and TBS.

Table 1 Positioning methods in TN
	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted
	Remarks

	A-GNSS
	Yes
	Yes
	No
	RAT-independent

	OTDOA 
	No
	Yes
	No
	RAT-dependent

	E-CID
	No
	Yes
	Yes
	RAT-dependent

	Sensor
	Yes
	Yes
	No
	RAT-independent

	WLAN
	Yes
	Yes
	No
	RAT-independent

	Bluetooth
	No
	Yes
	No
	RAT-independent

	TBS
	Yes
	Yes
	No
	RAT-independent

	DL-TDOA
	Yes
	Yes
	No
	RAT-dependent

	DL-AoD
	Yes
	Yes
	No
	RAT-dependent

	Multi-RTT
	No
	Yes
	Yes
	RAT-dependent

	NR E-CID 
	No
	Yes
	Yes
	RAT-dependent

	UL-TDOA
	No
	No
	Yes
	RAT-dependent

	UL-AoA
	No
	No
	Yes
	RAT-dependent



In the following section we discuss whether RAT dependent/3GPP positioning methods are applicable to NTN and can be used for the verification of UE location.
Positioning methods in NTN
As mentioned in section 3, the need to define a network based solution which aims at verifying the reported UE location information was identified. The verification should be performed independently from the location information reported by UE as the position computed by the UE using a network-assisted GNSS method may not be trustworthy, because the reported position may be manipulated by the UE itself, or it may be subject to impairments, such as spoofing or jamming.

Existing positioning methods such as OTDOA, Multi-RTT, DL-AoD, UL-AoA and DL-TDOA make use of the measured timing of downlink/uplink signals received from/to multiple Transmission-Reception Points (TRPs). The resulting measurements are used along with other configuration information to locate the UE in relation to the neighboring TRPs. In case of multiple satellite in view, these existing methods can be in principle used also in NTN. Though, multiples Transmission and Reception Point TRP, are not available most of the time in the NTN scenario.

However, as per the recommendation in the TR 38.882, the scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority. Thereby, we propose that RAN1 shall investigate whether positioning methods used in TN could be adapted and used in case of only a single satellite is in view. 

When only a single satellite is visible to the UE, by considering different satellite positions on satellite trajectory at different time instants as virtual TRPs (vTRP), existing positioning methods could be in principle reused in NTN. Nevertheless, the feasibility of such approach need to be further investigated. 

Proposal 1: RAN1 to investigate whether TN positioning methods (e.g. OTDOA, Multi-RTT, DL-AoD, UL-AoA DL-TDOA and CID/NR E CID) could be adapted and used for the verification of UE location in case of only a single satellite is in view.

As agreed in RAN1#110, multi-RTT and DL/UL-TDOA positioning methods shall be considered as starting point for the study on Network verified UE location in case of NGSO based NTN deployment. Other methods (e.g. AoA based) are not precluded.

The principle of the multi-RTT computation performed with only one satellite in the 5G NTN context is illustrated in Figure 4. The RTT measurements (corresponding to the round trip time on the service link) can be repeated in different instants, and from different positions on the satellite orbit. On ground, every measured RTT corresponds to a circle ( or a ring by considering the RTT measurement error). The subsequent measurement of RTT will describe a different circle of different diameter (depending if distance increase or decrease), and with a different center. In this way the intersection of all the circles will point at the UE location (assumed not moving). In case of moving UE, the intersections will describe a line, with the direction of movement.
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Figure 4 multi-RTT with single satellite

To perform RTT measurements, satellite movement between TX and RX (the uplink and down link one-way delays are different) should be taken into account. To this aim, every measured RTT should correspond to an ellipse (and not circle) on the ground : For each measured RTT the possible UE location is traced by a point moving in  the space so that the sum of its distances from two anchor points (the foci/ the two focal points) is constant = measured RTT. The two anchor points are the satellite positions at TX and RX respectively.
Different measurements of RTT will describe different ellipses with different eccentricity. The intersection of these ellipses with the ground will determine the resulting UE position uncertainty area.

 For a more accurate RTT measurement, Satellite movement between TX and RX should be taken into account. To this aim, every measured RTT should correspond to an ellipse (and not circle) on the ground : For each measured RTT the possible UE location is traced by a point moving in  the space so that the sum of its distances from two anchor points (the foci/ the two focal points) is constant = measured RTT. The two anchor points are the satellite positions at TX and RX respectively.
Different measurements of RTT will describe different ellipses with different eccentricity. The intersection of these ellipses with the ground will determine the resulting UE position uncertainty area.

Feasibility of multi-RTT based positioning method with a single satellite in view
When it comes to the feasibility of existing positioning methods (e.g. multi-RTT) with single satellite, different aspects should be considered:
· The geometry of the receiver-transmitter is affecting position precision in any ranging system. We therefore propose to consider the dilution of precision (DOP) as a performance metric for the study of the feasibility of multi-RTT based positioning method. Indeed, the arrangement of the satellite positions on the orbit (satellite geometry and how vTRPs are spread) affects the accuracy of the positioning. The dilution of the precision is a measure of the quality of derived positions based on the geometry of the virtual TRPs (corresponding to the satellite position as t0, t0+ δ, t0+ 2δ and t0+ 3δ in Figure 4) used as anchor points to compute the positioning. It is a fundamental metric to be considered when collecting data/RTT measurement for UE location verification: The higher the DOP, the greater the possible error in the accuracy of UE position.
DOP metrics to be considered are:
· GDOP which stands for the geometric dilution of precision is uncertainty of all parameters; latitude longitude height and clock offset. It is roughly interpreted as ratio of position error to the range/RTT error.
· HDOP – horizontal dilution of precision
· VDOP – vertical dilution of precision
· PDOP – position (3D) dilution of precision

The achievable accuracy of UE location verification is evaluated via simulation/computation of the position dilution of precision (DOPs) with the following assumptions:
· Satellite orbit: LEO-600
· Earth fixed cell
· 3 different UE positions w.r.t the orbital plane are considered as shown in Figure 5: 
· Position a, at 0 km: UE lies in the orbital plane 
· Positions b and c at 12,5 km and 50km respectively
· Number of RTT measurements is equal to 5
· Different latencies/measurement windows size used for RTT measurements collection are considered:  2, 5, 10, 20, 50, 100 and 500s
· Orbital inclination: 0° and 90°.

The DOPs computation is performed as described in [15] and [16].
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Figure 5 UE positions w.r.t the orbital plane used for DOP computation

The calculated DOPs are given in Table 2 and Table 3. 

Table 2 DOP computation– single satellite with orbital inclination of 0 deg
	Satellite Altitude (km): 600 km

	Orbital inclination (deg): 0

	Number of RTT measurements: 5

	 UE position (km)
	 Latency (s)
	 EDOP
	 NDOP
	 VDOP
	 PDOP

	0
	2
	3074579576.9
	468817.4
	40871.6
	3074579612.9

	0
	5
	407421585.0
	62243.4
	12908.7
	407421590.0

	0
	10
	50719982.8
	7803.1
	3241.8
	50719983.5

	0
	20
	6208403.1
	982.3
	805.5
	6208403.2

	0
	50
	358372.6
	69.1
	127.2
	358372.7

	0
	100
	39275.0
	14.0
	34.4
	39275.0

	0
	500
	1573.8
	8.1
	13.2
	1573.9

	12.5
	2
	1700662355.8
	259316.3
	35737012.6
	1701037815.5

	12.5
	5
	455481544.3
	69567.9
	9578813.6
	455582260.1

	12.5
	10
	70177537.3
	10774.5
	1477520.1
	70193090.2

	12.5
	20
	13147717.5
	2047.6
	277258.8
	13150640.8

	12.5
	50
	7258225.7
	1146.9
	153221.9
	7259842.9

	12.5
	100
	427263.9
	61.7
	8999.0
	427358.7

	12.5
	500
	2745.2
	6.3
	65.6
	2745.9

	50
	5
	477946340.7
	72945.2
	40149155.5
	479629716.1

	50
	10
	284718054.5
	43448.9
	23917499.7
	285720876.4

	50
	20
	5571058.6
	827.1
	467668.1
	5590653.6

	50
	50
	120278.2
	10.5
	10028.3
	120695.6

	50
	100
	11773.7
	6.9
	961.8
	11812.9

	50
	500
	2234.1
	14.6
	159.1
	2239.8




Table 3 DOP computation– single satellite with orbital inclination of 90 deg
	Satellite Altitude (km): 600 km

	Orbital inclination (deg): 90

	Number of RTT measurements: 5

	 UE position (km)
	 Latency (s)
	 EDOP
	 NDOP
	 VDOP
	 PDOP

	0
	2
	2.25E+09
	3.65E+25
	3.30E+04
	3.65E+25

	0
	5
	4.05E+08
	6.58E+24
	1.33E+04
	6.58E+24

	0
	10
	5.64E+07
	9.17E+23
	3.73E+03
	9.17E+23

	0
	20
	6.88E+06
	1.12E+23
	9.23E+02
	1.12E+23

	0
	50
	4.01E+05
	6.51E+21
	1.46E+02
	6.51E+21

	0
	100
	4.38E+04
	7.12E+20
	3.87E+01
	7.12E+20

	0
	500
	1.63E+03
	2.64E+19
	1.33E+01
	2.64E+19

	12.5
	2
	1.90E+02
	1.20E+09
	2.52E+07
	1.20E+09

	12.5
	5
	1.13E+02
	2.59E+09
	5.43E+07
	2.59E+09

	12.5
	10
	7.10E+01
	2.34E+08
	4.90E+06
	2.34E+08

	12.5
	20
	3.62E+01
	1.52E+07
	3.19E+05
	1.52E+07

	12.5
	50
	1.52E+01
	4.56E+05
	9.49E+03
	4.56E+05

	12.5
	100
	8.74E+00
	4.40E+04
	8.94E+02
	4.40E+04

	12.5
	500
	1.02E+01
	3.90E+03
	6.33E+01
	3.90E+03

	50
	2
	1.91E+02
	5.60E+08
	4.70E+07
	5.62E+08

	50
	5
	1.05E+02
	5.59E+08
	4.70E+07
	5.61E+08

	50
	10
	7.15E+01
	5.93E+07
	4.98E+06
	5.95E+07

	50
	20
	3.64E+01
	3.85E+06
	3.23E+05
	3.86E+06

	50
	50
	1.53E+01
	1.15E+05
	9.58E+03
	1.16E+05

	50
	100
	8.76E+00
	1.11E+04
	9.01E+02
	1.11E+04

	50
	500
	1.02E+01
	9.78E+02
	6.34E+01
	9.80E+02




Resulting UE position uncertainty area can be derived from the estimated PDOP as shown in Table 4 and 5 for different timing error affecting RTT measurements. 


Table 4 Resulting UE position uncertainty area size – single satellite with orbital inclination of 0 deg
	Resulting UE position accuracy (km)

	
	Time measurement errors

	UE pos (km)
	Latency (s)
	200ns
	100ns
	49.882 ns
	21.378 ns
	10.18 ns
	5.09 ns

	0
	2
	184347155.9
	92173577
	45978024
	19704867
	9383270
	4691635

	0
	5
	24428384.0
	12214192.
	6092683.2
	2611150.0
	1243404
	621702.4

	0
	10
	3041093.7
	1520546.9
	758479.2
	325062.5
	154791.7
	77395.8

	0
	20
	372246.5
	186123.2
	92842.0
	39789.4
	18947.3
	9473.7

	0
	50
	21487.5
	10743.7
	5359.2
	2296.8
	1093.7
	546.9

	0
	100
	2354.9
	1177.4
	587.3
	251.7
	119.9
	59.9

	0
	500
	94.4
	47.2
	23.5
	10.1
	4.8
	2.4

	12.5
	2
	101991661.6
	50995830
	25437740
	10901888
	5191375.6
	2595687.8

	12.5
	5
	27316025.1
	13658012.6
	6812889.8
	2919809.9
	1390385.7
	695192.8

	12.5
	10
	4208671.8
	2104335.9
	1049684.8
	449864.9
	214221.4
	107110.7

	12.5
	20
	788492.6
	394246.3
	196657.9
	84282.0
	40134.3
	20067.1

	12.5
	50
	435289.2
	217644.6
	108565.5
	46528.1
	22156.2
	11078.1

	12.5
	100
	25623.8
	12811.9
	6390.8
	2738.9
	1304.3
	652.1

	12.5
	500
	164.6
	82.3
	41.1
	17.6
	8.4
	4.2

	50
	5
	28757874.3
	14378937.2
	7172501.4
	3073929.2
	1463775.8
	731887.9

	50
	10
	17131392.8
	8565696.4
	4272740.7
	1831174.6
	871987.9
	435993.9

	50
	20
	335207.2
	167603.6
	83604.0
	35830.3
	17062.0
	8531.0

	50
	50
	7236.7
	3618.4
	1804.9
	773.5
	368.3
	184.2

	50
	100
	708.3
	354.1
	176.7
	75.7
	36.1
	18.0

	50
	500
	134.3
	67.1
	33.5
	14.4
	6.8
	3.4




Table 5 Resulting UE position uncertainty area size – single satellite with orbital inclination of 90 deg
	Resulting UE position accuracy (km)

	
	Time measurement errors

	UE pos (km)
	Latency (s)
	200ns
	100ns
	49.882 ns
	21.378 ns
	10.18 ns
	5.09 ns

	0
	2
	2.2E+24
	1.1E+24
	5.5E+23
	2.3E+23
	1.1E+23
	5.6E+22

	0
	5
	3.9E+23
	2.0E+23
	9.8E+22
	4.2E+22
	2.0E+22
	1.0E+22

	0
	10
	5.5E+22
	2.7E+22
	1.4E+22
	5.9E+21
	2.8E+21
	1.4E+21

	0
	20
	6.7E+21
	3.4E+21
	1.7E+21
	7.2E+20
	3.4E+20
	1.7E+20

	0
	50
	3.9E+20
	2.0E+20
	9.7E+19
	4.2E+19
	2.0E+19
	9.9E+18

	0
	100
	4.3E+19
	2.1E+19
	1.1E+19
	4.6E+18
	2.2E+18
	1.1E+18

	0
	500
	1.6E+18
	7.9E+17
	3.9E+17
	1.7E+17
	8.1E+16
	4.0E+16

	12.5
	2
	7.2E+07
	3.6E+07
	1.8E+07
	7.7E+06
	3.7E+06
	1.8E+06

	12.5
	5
	1.6E+08
	7.8E+07
	3.9E+07
	1.7E+07
	7.9E+06
	3.9E+06

	12.5
	10
	1.4E+07
	7.0E+06
	3.5E+06
	1.5E+06
	7.1E+05
	3.6E+05

	12.5
	20
	9.1E+05
	4.6E+05
	2.3E+05
	9.8E+04
	4.6E+04
	2.3E+04

	12.5
	50
	2.7E+04
	1.4E+04
	6.8E+03
	2.9E+03
	1.4E+03
	7.0E+02

	12.5
	100
	2.6E+03
	1.3E+03
	6.6E+02
	2.8E+02
	1.3E+02
	6.7E+01

	12.5
	500
	2.3E+02
	1.2E+02
	5.8E+01
	2.5E+01
	1.2E+01
	6.0E+00

	50
	2
	3.4E+07
	1.7E+07
	8.4E+06
	3.6E+06
	1.7E+06
	8.6E+05

	50
	5
	3.4E+07
	1.7E+07
	8.4E+06
	3.6E+06
	1.7E+06
	8.6E+05

	50
	10
	3.6E+06
	1.8E+06
	8.9E+05
	3.8E+05
	1.8E+05
	9.1E+04

	50
	20
	2.3E+05
	1.2E+05
	5.8E+04
	2.5E+04
	1.2E+04
	5.9E+03

	50
	50
	6.9E+03
	3.5E+03
	1.7E+03
	7.4E+02
	3.5E+02
	1.8E+02

	50
	100
	6.7E+02
	3.3E+02
	1.7E+02
	7.1E+01
	3.4E+01
	1.7E+01

	50
	500
	5.9E+01
	2.9E+01
	1.5E+01
	6.3E+00
	3.0E+00
	1.5E+00










Based on the simulations results and DOP computations depicted in the above tables we made the following observations and proposals:

· The DOP values obtained through simulations are excessively large/poor. As shown in Table 2 and Table 3. the geometry is weak and the DOP value is high for the 3 cases a. b and c (to be compared to a DOP< 5 which represents a level that marks the minimum appropriate for making accurate decision in case of positioning using multi-satellite).
· The DOP can be improved by increasing the time window used for RTT measurements/data collection during the satellite fly-by and by spreading the vTRPs through the orbit. However. this will result in a longer duration of  UE location verification procedure which may have a significant impact on the latency of the targeted services.
· UE position accuracy below 10km could be obtained only with low RTT errors (e.g. 21ns) and longer duration for RTT measurements collection (e.g. 500s). 

With multi-RTT based positioning method in case of a single satellite in view. UE position accuracy below 10km could be obtained only with low RTT errors (e.g. 21ns) and a latency of  hundreds of seconds.

Depending on the UE position with regard to anchor points used for the positioning. multi-RTT positioning method might not be suitable for UE location verification in case of a single satellite in view.

The time period required to calculate multi-RTT measurement is excessively long in case of multi-RTT based positioning method is used with single satellite in view which makes the feasibility of the method questionable. 

Based on the above observations. it is clear that multi-RTT based positioning method in case of a single satellite in view cannot be used for UE location verification.

Proposal 2: RAN1 to conclude that multi-RTT positioning method is not suitable for UE location verification in case of a single satellite in view.

As a possible way forward. we propose the following:

Proposal 3: Network verified UE location in NR NTN may be performed based on one of the two confidence levels:
· Confidence level one: UE location verification is performed using NR E-CID measurements method with single-RTT measurement 
· With confidence level one. the UE location information is considered verified if the reported UE location is consistent with the network based assessment to within 60m (corresponding to a maximum timing error of 200ns)
· The network assessment is performed based on single RTT measurement as follows: the possible UE location is traced by a point moving within the serving beam/cell area so that the sum of its distances from two anchor points (the foci) is constant and equal to the measured RTT. 
· The two anchor points are the satellite positions at TX and RX respectively
· This confidence level may be used in case of:
· LEO and GEO NTN based deployment
· Single satellite or multiple satellite in view
· Earth moving cell and Earth fixed cell

· Confidence level two: UE location verification is performed using multi-RTT measurements positioning based method
· With confidence level two. the UE location information 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)
· This confidence level may be used in case of:
· LEO and GEO NTN based deployment
· Multiple satellite in view
· Earth fixed cell
· FFS: Earth moving cell


-	Study of the different source of error and uncertainty on the RTT calculation: As illustrated in Figure 6. the multi-RTT positioning method makes use of the UE Rx-Tx time difference measurements of downlink signals received from the same satellite at multiple different instants (i.e. DL-PRS). measured by the UE and the measured gNB Rx-Tx time difference measurements. of uplink signals transmitted from UE (i.e. UL-SRS) at multiple time instants.


[image: ]
Figure 6 RTT calculation

As discussed above the UE position uncertainty area size is also dependent on the RTT measurement accuracy. Such measurement should take into account the satellite movement. the synchronization accuracy at UE and Satellite. For the study on the feasibility of multi-RTT based positioning method with a single satellite in view. RAN1 shall discuss the different sources of error on RTT computation and the achievable RTT measurement accuracy in NTN.



UL-AoA based positioning techniques in NTN
In NR TN. the UE position can be estimated based on the Angle of Arrival (azimuth and/or elevation) of uplink radio signals (i.e. SRS) taken at different TRPs. along with other configuration information and by using assistance data received from the positioning server [3]. Measurement results that may be transferred from gNBs to the LMF using NRPPa are given by the following Table:

Table 4 Measurement results that may be transferred from gNBs to the LMF
	Measurement results

	NCGI and TRP ID of the measurement

	UL Angle of Arrival (azimuth and/or elevation)

	Multiple UL Angle of Arrival (azimuth and/or elevation)

	SRS Resource Type

	UL-SRS-RSRP

	UL-SRS-RSRPP

	Time stamp of the measurement

	Quality for each measurement

	Beam information for each measurement

	LoS/NLoS information for each measurement

	ARP ID of the measurement




In NR NTN. the Angle of Arrival (AoA) or Direction of Arrival (DoA) of the uplink poisoning signal (i.e. SRS) can be determined based on the AoA measurements from satellite Multi-Panel 2-D array.
Different techniques for angle-based positioning can be used to estimate UE location depending on satellite antenna architecture and whether digital. analog or hybrid beamforming are used. 

Different techniques for angle-based positioning can be used to estimate UE location depending on satellite antenna architecture and whether digital. analog or hybrid beamforming are used.

UL-AoA can be determined from the difference of phase observed between adjacent antenna elements (AE). The basic principle for angle estimation is as follows: For each pair of AE. AoA is a plane perpendicular to the line joining the AE. with a theta angle. The intersection of AoA planes from a group of AE is theoretically a line. The intersection of this line with Earth surface is the location of the UE. 

[image: ]
Figure 7 Difference of phase observed between adjacent antenna elements


The difference of phase between AE1 and AE2 : 

With  and  is the AOA of SRS 

Generally. the DFT beam method or MUltiple SIgnal Classification (MUSIC) are well known algorithms that can be used to estimate AoA.

The result of the UL-AoA based positioning is a point on Earth. with a certain angular accuracy.  Different defects may affect the angle estimation such as satellite beam pointing error. phase noise and defects due to all transformations (or operations) applied on the signals. from AE on board to the receiving base station on the ground. 

The result of the UL-AoA based positioning is a point on Earth. with a certain angular accuracy. Different defects may affect the angle estimation such as satellite beam pointing error. phase noise and defects due to all transformations (or operations) applied on the signals. from AE on board to the receiving base station on the ground.

The residual error on  will define the UE location accuracy performance. The angle to distance conversion (° to km) depends on the satellite altitude and the location of the UE within the satellite coverage i.e. UE elevation angle. The required angular accuracy to ensure a location accuracy of 10km is given by the following table for different orbits and for a UE located at the nadir and at 30° elevation.


Table 5 Required angular accuracy for location accuracy of 10km
	Required angular accuracy for location accuracy of 10km

	
	600Km
	1200km
	GEO

	At  nadir
	0.96°
	0.48°
	0.016°

	At 30° elevation
	0.28°
	0.15°
	0.008°



The main advantage of UL-AoA positioning method is the low latency. indeed position fixes can be produced almost instantaneously after making the measurements. Other advantages are: it can be used with only one satellite in visibility and its applicability in NGSO and GSO based NTN deployment.

The main advantage of UL-AoA positioning method is the low latency and its applicability for the GEO based NTN deployment

Proposal 4: RAN1 should study angle-based positioning techniques in NR NTN:

However. UL-AoA in NTN presents some major challenges:
· This technique maybe affected by several defects. Looking at the required angular accuracy shown in Table 5. it might be particularly challenging in practice to maintain the satellite beam pointing error under acceptable angular accuracy with a reasonable cost on the system design. 
· Other aspects to be considered is on the uplink coverage as the UE with a limited power budget needs to transmit SRS so that it is detectable within the geoloc cells/beams which are larger beam with unfavorable channel conditions.

Proposal 5: RAN1 to discuss the achievable location accuracy with the uplink angle of arrival techniques in NGSO and GSO based NTN deployment

To tackle the residual error on AoA estimation and thereby enhance the UE location accuracy performance. auto-calibration process compensating phase errors as much as possible should be considered. To this aim:
· The UL sounding reference signals (SRS) is the main candidate signal for UL-AoA based positioning techniques in NTN. NR NTN SRS for positioning reuses the Rel-16 NR sequence design and resource mapping as baseline. As the characteristics of the SRS signal transmitted by the UE should be static over the time period required to calculate uplink measurement. NTN environment impact (e.g. timing drift) on SRS should be further studied. It needs to be studied. if any physical layer modifications are needed or might be beneficial for NR NTN UL-AoA positioning performance.
· We propose to use beacon uplink signals to adjust satellite beam pointing: Such beacon signals are transmitted from equipment’s located on the ground. their positions should be known to the network: Zadoff-Chu sequence used for the SRS maybe beacon specifically configured as a potential solution to introduce such beacon signals in NR NTN with a minimum specification impact. Knowing the beacon preconfigured sequence and its position. the satellite beam pointing can constantly adjusted and thereby. the residual error on measurement AoA can be reduced.

Observation 9: The characteristics of the SRS signal transmitted by the UE should be static over the time period required to calculate uplink AoA measurements. NTN environment impact (e.g. timing drift) on SRS should be further studied.

Proposal 6: RAN1 should evaluate SRS coverage for UL-AoA and study NTN environment impact (e.g. timing drift) on SRS. For evaluation purposes. NR NTN SRS for Positioning reuses the Rel-16 NR sequence design and resource mapping as baseline.

Proposal 7: To enhance UL-AoA based positioning performance in NTN. consider auto-calibration process to compensate for satellite beam pointing error. this includes:
· Use of beacon uplink signals to adjust satellite beam pointing.
· Zadoff-Chu sequence used for the SRS maybe beacon specifically configured as a potential solution to introduce such beacon signals in NR NTN with a minimum specification impact.


NR NTN Enhanced cell ID positioning methods
As discussed in section 5.3. a multi-RTT based method with only a single satellite in view might not be feasible due to the higher/poor PDOP values and because of the longer measurement duration needed to collect multiple RTT measurements. Further. the uplink angle of arrival is an attractive  method. but as observed in the previous section. it might be affected by several defects which may have a significant impact on the achievable accuracy and its cost maybe an issue.

Alternatively. NR Enhanced Cell ID (NR E-CID) positioning method could be investigated. As stated in [3] NR E-CID  positioning refers to techniques which use UE and/or NR radio resource related measurements to improve the UE location estimate. RAN1 to further discuss whether such method could be used to verify UE location in NTN. 

UE location verification in NTN could be based on NR E-CID by considering appropriate NR E-CID measurements. These may include:
· UE reported measurements: 
· UE specific Timing Advance (calculated by the UE to compensate for service link RTT). 
· Doppler calculated on the service link.  
· SS-RSRP. SS-RSRQ. CSI-RSRP and CSI-RSRQ.
· For a VSAT UE beam pointing in respect to satellite beam line of sight.
· gNB measurements: 
· UL Angle of Arrival (azimuth and elevation);
· RTT calculation (just one measurement instead of 4 as discussed in previous section):
· UE Rx-Tx time difference measurements of downlink signals
· gNB Rx-Tx time difference measurements. of uplink signals transmitted from UE

The resulting measurements are used along with other configuration information to verify the location of the UE. RAN1 to discuss the potential techniques to use these measurements to estimate the location of the UE.

A potential technique could be implemented as follows: 
· Based on the reported UE specific TA or the calculated RTT on the service link the network can perform a first verification level by determining the sphere in which the UE should be located (uncertainty on RTT or TA calculation should be takin into account).
· Then. 𝑣 ⃗rad (radial velocity) could be determined by the gNB based on reported Doppler. 
· As illustrated in Figure below. the gNB can determine the area on the sphere in which the UE should be located based on the above information. 

We therefore propose to support Doppler reporting in NTN. at least for a handheld UEs. a VSAT UE can simply report its beam pointing in respect to satellite beam line of sight. The following proposals are made:

Proposal 8: NR NTN UE should report the Doppler calculated on the service link.

Proposal 9: a VSAT UE should report its beam pointing in respect to satellite beam line of sight

The advantage of NR E-CID positioning method is its cost (only few adaptations could be envisaged) and more importantly it could be applied at call set-up and at any time during in connected state. Moreover. This method could be used in both NGSO and GSO based NTN deployment.

 However. some aspects need to be further discussed:
· Knowing that UE specific TA calculation is based on GNSS. RAN1 shall discuss whether reporting an accurate UE specific TA could be thrusted.
· The same observation for Doppler reporting
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Figure 8 UE Location verification based on RTT calculation and radial velocity

Proposal 10: RAN1 to discuss whether NR NTN Enhanced cell ID positioning methods could be used for UE location verification in NTN by considering appropriate NR E-CID measurements.

Proposal 11: RAN1 to determine the appropriate NR E-CID measurements that could be used to verify the location of the UE. These may include:
· UE reported measurements: 
· UE specific Timing Advance 
· Doppler calculated on the service link.  
· SS-RSRP. SS-RSRQ. CSI-RSRP and CSI-RSRQ. 
· For a VSAT UE beam pointing in respect to satellite beam line of sight.
· gNB measurements: 
· UL Angle of Arrival (azimuth and elevation	
· RTT calculation:
· UE Rx-Tx time difference measurements of downlink signals
· gNB Rx-Tx time difference measurements. of uplink signals transmitted from UE

Conclusion
In this contribution. we made the following observations and proposals:

Observation 1.	Regulatory requirements can be addressed by determining the location of the UE.

Observation 2.	The UE reported location information cannot be considered trusted by the network.

Observation 3.	A 5G system with satellite access shall be able to determine a UE's location in order to provide service (e.g. route traffic. public warning system. lawful interception. emergency services.…)

Observation 4.	 For a more accurate RTT measurement. Satellite movement between TX and RX should be taken into account. To this aim. every measured RTT should correspond to an ellipse (and not circle) on the ground : For each measured RTT the possible UE location is traced by a point moving in  the space so that the sum of its distances from two anchor points (the foci/ the two focal points) is constant = measured RTT. The two anchor points are the satellite positions at TX and RX respectively.
Different measurements of RTT will describe different ellipses with different eccentricity. The intersection of these ellipses with the ground will determine the resulting UE position uncertainty area.

Observation 5.	With multi-RTT based positioning method in case of a single satellite in view. UE position accuracy below 10km could be obtained only with low RTT errors (e.g. 21ns) and a latency of  hundreds of seconds.

Observation 6.	Depending on the UE position with regard to anchor points used for the positioning. multi-RTT positioning method might not be suitable for UE location verification in case of a single satellite in view.
Observation 7.	The time period required to calculate multi-RTT measurement is excessively long in case of multi-RTT based positioning method is used with single satellite in view which makes the feasibility of the method questionable. 

Observation 8.	Different techniques for angle-based positioning can be used to estimate UE location depending on satellite antenna architecture and whether digital. analog or hybrid beamforming are used.

[bookmark: _GoBack]Observation 9. The result of the UL-AoA based positioning is a point on Earth. with a certain angular accuracy. Different defects may affect the angle estimation such as satellite beam pointing error. phase noise and defects due to all transformations (or operations) applied on the signals. from AE on board to the receiving base station on the ground.

Observation 10. The main advantage of UL-AoA positioning method is the low latency and its applicability for the GEO based NTN deployment

Observation 9: The characteristics of the SRS signal transmitted by the UE should be static over the time period required to calculate uplink AoA measurements. NTN environment impact (e.g. timing drift) on SRS should be further studied

Proposal 1: RAN1 to investigate whether TN positioning methods (e.g. OTDOA. Multi-RTT. DL-AoD. UL-AoA DL-TDOA and CID/NR E CID) could be adapted and used for the verification of UE location in case of only a single satellite is in view.

Proposal 2: RAN1 to conclude that multi-RTT positioning method is not suitable for UE location verification in case of a single satellite in view.

Proposal 3: Network verified UE location in NR NTN may be performed based on one of the two confidence levels:
· Confidence level one: UE location verification is performed using NR E-CID measurements method with single-RTT measurement 
· With confidence level one. the UE location information is considered verified if the reported UE location is consistent with the network based assessment to within 60m (corresponding to a maximum timing error of 200ns)
· The network assessment is performed based on single RTT measurement as follows: the possible UE location is traced by a point moving within the serving cell area so that the sum of its distances from two anchor points (the foci) is constant and equal to the measured RTT. 
· The two anchor points are the satellite positions at TX and RX respectively
· This confidence level may be used in cased of:
· LEO and GEO NTN based deployment
· Single satellite or multiple satellite in view
· Earth moving cell and Earth fixed cell
· Confidence level two: UE location verification is performed using multi-RTT measurements positioning based method
· With confidence level two. the UE location information 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)
· This confidence level may be used in cased of:
· LEO NTN based deployment
· Multiple satellite in view
· Earth moving cell and Earth fixed cell

Proposal 4: RAN1 should study angle-based positioning techniques in NR NTN

Proposal 5: RAN1 to discuss the achievable location accuracy with the uplink angle of arrival techniques in NGSO and GSO based NTN deployment

Proposal 6: RAN1 should evaluate SRS coverage for UL-AoA and study NTN environment impact (e.g. timing drift) on SRS. For evaluation purposes. NR NTN SRS for Positioning reuses the Rel-16 NR sequence design and resource mapping as baseline.

Proposal 7: To enhance UL-AoA based positioning performance in NTN. consider auto-calibration process to compensate for satellite beam pointing error. this includes:
· Use of beacon uplink signals to adjust satellite beam pointing.
· Zadoff-Chu sequence used for the SRS maybe beacon specifically configured as a potential solution to introduce such beacon signals in NR NTN with a minimum specification impact.

Proposal 8: NR NTN UE should report the Doppler calculated on the service link.

Proposal 9: a VSAT UE should report its beam pointing in respect to satellite beam line of sight

Proposal 10: RAN1 to discuss whether NR NTN Enhanced cell ID positioning methods could be used for UE location verification in NTN by considering appropriate NR E-CID measurements.

Proposal 11: RAN1 to determine the appropriate NR E-CID measurements that could be used to verify the location of the UE. These may include:
· UE reported measurements: 
· UE specific Timing Advance 
· Doppler calculated on the service link.  
· SS-RSRP. SS-RSRQ. CSI-RSRP and CSI-RSRQ. 
· For a VSAT UE beam pointing in respect to satellite beam line of sight.
· gNB measurements: 
· UL Angle of Arrival (azimuth and elevation	
· RTT calculation:
· UE Rx-Tx time difference measurements of downlink signals
· gNB Rx-Tx time difference measurements. of uplink signals transmitted from UE



Appendix
RAN1#110 made the following agreements on evaluation parameters:

Agreement: 
The following parameters are assumed for the evaluation of RAT dependent positioning methods study in NTN:

	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.

	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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