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Introduction
In [1], FS_NR_NTN_solutions, Study on solutions for NR to support non-terrestrial networks (NTN) for Rel‑16, the following justification has been given on NTN-network based UE location:
· Study activity on NTN scenarios addressing
· […]
· NTN-network based location of UE (for regulatory services): identify possible solutions 

Consequently, the following objectives for RAN2 and RAN3 are named in the WID:
The following control plane procedures enhancements should be specified (see TR 38.821)
· […]
· Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3]
In this document, we summarize the current defined terrestrial positioning methods for LTE and NR in Rel-16 [2], both RAT-dependent and RAT-independent (external sensors) techniques in order to make a first step towards identifying the most suitable method or methods to be applied to NTN.
Positioning methods specified in Rel. 16
In the justifications for the WI [1], regulatory services were listed as application area for the use of LCS within NTN. However, no requirement on minimum accuracy was specified for the location services. In order to evaluate the suitable technology for positioning, there needs to be a common understanding regarding usage scenario and performance targets to be considered for evaluation in RAN2 working group. 
Observation 1: Only one scenario (regulatory services) is mentioned in WID without specifying the requirements on accuracy is mentioned for NTN-network based location services. 
The usage on positioning for NTN can be broadly categorized into two categories: 
1) Emergency services demanding reliable and highly accurate positioning. 
2) Services pertaining to operation of NTN networks 
In the first category related to emergency services, the requirements are specified by regulatory bodies such as EC and FCC. The requirements specified by the two major regulatory bodies are summarized as follows: 
 
	Regulatory body
	Accuracy requirements

	EC [3]
	”capability to achieve a horizontal position error of maximum 5 metres in open sky conditions and maximum 25 metres in urban canyon conditions with a confidence level of 95 % (2s coverage factor), where open sky conditions and urban canyon conditions are as defined, respectively, in points 2.1.8 (Figure 1) and 2.2.4.2 (Figure 3) of Annex VI to Delegated Regulation (EU) 2017/793“
The European directive is based on an assumption of use of GNSS as positioning technology.

	FCC [4]
	In 2020, the FCC specifies a 50-meter horizontal accuracy or provide a dispatchable location for 70 percent of all wireless 911 calls, which increases to 80 percent of all calls in 2021. 
From 2021 onwards, an additional requirement to achieve an accuracy with ±3m is applies in addition.



The second category pertains to operation of mobile NTN networks. The major motivation is to locate a UE accurately enough, for example with respect to country borders. Country-specific customization of services, traffic routing, setting roaming and charging policies can then be applied. In general, coarse location accuracy (e.g. in the range of hundreds of meters) should be sufficient for determining the country border for network operation in a reliable manner.
The NTN network-based positioning computation could add trust-worthiness to any prior position solution provided by the UE itself based on GNSS. In other works, NTN-network based UE location which may be used to cross-check and validate the more accurate position computed using GNSS, which itself is potentially susceptible to jamming and spoofing. Note that any UE positioning using GNSS should itself provide mechanisms for more accurate results, as also specified as requirements from EU directive [3] for GNSS receivers, although the computed position may still be less trustworthy in case of UE-based A-GNSS positioning. 
The following figure shows the table from V16.0.1 of TS 38.305 [1] as of RAN#88-e. The TS details the “Stage 2 functional specification of UE positioning in NG-RAN”. This table lists all the different possible positioning methods for Rel-16 and also categorizes these by architectural properties.
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Figure 1: Table of supported version of UE positioning methods from TS 38.305 [1]
According to [1], “the suffixes "-based" and "-assisted" refer respectively to the node that is responsible for making the positioning calculation (and which may also provide measurements) and a node that provides measurements (but which does not make the positioning calculation). Thus, an operation in which measurements are provided by the UE to the LMF to be used in the computation of a position estimate is described as "UE-assisted" (and could also be called "LMF-based"), while one in which the UE computes its own position is described as "UE-based"”.
Observation 2:  UE-based means the position calculation is made at the UE, whereas LMF-based (i.e. network-based) means the position calculation is done at the LMF inside the 5G-Core Network. 
Observation 3: UE-assisted means UE-provides measurements for positioning and NG-RAN node assisted means NG-RAN provides measurement for positioning for the considered positioning method.
The position computed by the UE 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. For this purposes, it is desirable to have a mechanism to cross-check any prior and possibly degraded GNSS positioning solution provided by the UE or to obtain reliable and accurate enough estimates of UE position in case the UE fails to deliver.
Observation 4: UEs used within NTN networks are assumed to be able to provide GNSS-based location. The capability to obtain NTN-network based UE location (based on own positioning methods within the NTN mobile networks) is regarded as necessary means to trustworthiness and availability of location.
The range of terrestrial NR positioning methods specified in Rel. 16 have been designed taking into account the typical propagation and coverage requirements of terrestrial network in mind. The NTN network has fundamentally different characteristics, among others moving anchor location, wider range, higher Doppler shift and so on, compared to the terrestrial network, and the performance achieved in the terrestrial network may not be fully reached in NTN for a given method.
In general, if an accuracy in the order of e.g. 100 m could be achieved (instead of e.g. 10 m, with has been the Rel. 16 terrestrial positioning performance target for horizontal accuracy outdoors), this could be sufficient to cross-check and determine whether the position provided by A-GNSS in UE-based positioning could be trusted. 
Proposal 1: RAN2 to consider terrestrial RAT-dependent LMF-based Rel. 16 NR positioning methods for their use in NTN networks in order to provide NTN-network based UE location. RAN2 to agree to analyze these positioning methods (i.e. these LCS application protocols). 
In order to further identify potential issues associated with the use of the existing LCS application protocols, first an overview of the currently specified supported versions of UE positioning methods is given.
In Rel-16, there has been a RAN1-led WI called “NR positioning support” for positioning in terrestrial networks, the core part of which has been completed from RAN1, RAN2 and RAN3 perspective on RAN#89-e [9]. 




Figure 2: Depiction of positioning architecture and associated interfaces [1].

Different protocols are used to forward location information (location measurements, required assistance data, calculated positioning information, etc.) between two entities involved. The protocol used to exchange location information between the UE and the location server is called LTE positioning protocol (LPP [TS 37.355]) applicable to both E-UTRA and NG-RAN. The LPP is NAS and end-to-end terminated between a UE and the location server. For EPC, the location server is E-SMLC and for the 5G-Core, the location server is called LMF. The LPP PDUs are transparently forwarded by the gNB and the AMF. 
The protocol used to exchange location information between RAN and E-SMLC is called LPPa [6] and the corresponding protocol used for exchanges between NG-RAN and LMF is called NRPPa [7].
In the next section, an overview and a short description of the different positioning methods available in Rel-16 and extracted from [1] for terrestrial systems is given. 

Extract from Stage 2 Description of Positioning methods specified in Rel. 16
[bookmark: _Toc12632594][bookmark: _Toc29305288][bookmark: _Toc37338093]4.3.2	Network-assisted GNSS methods
These methods make use of UEs that are equipped with radio receivers capable of receiving GNSS signals.
Examples of GNSS include GPS, Modernized GPS, Galileo, GLONASS, Space Based Augmentation Systems (SBAS), Quasi Zenith Satellite System (QZSS), and BeiDou Navigation Satellite System (BDS).
In this concept, different GNSSs (e.g. GPS, Galileo, etc.) can be used separately or in combination to determine the location of a UE.
The operation of the network-assisted GNSS methods is described in clause 8.1.
[bookmark: _Toc12632595][bookmark: _Toc29305289][bookmark: _Toc37338094]4.3.3	OTDOA positioning
The OTDOA positioning method makes use of the measured timing of downlink signals received from multiple TPs, comprising eNBs, ng-eNBs and PRS-only TPs, at the UE. The UE measures the timing of the received signals using assistance data received from the positioning server, and the resulting measurements are used to locate the UE in relation to the neighbouring TPs.
The operation of the OTDOA method is described in clause 8.2.
[bookmark: _Toc12632596][bookmark: _Toc29305290][bookmark: _Toc37338095]4.3.4	Enhanced Cell ID methods
In the Cell ID (CID) positioning method, the position of an UE is estimated with the knowledge of its serving ng-eNB, gNB and cell. The information about the serving ng-eNB, gNB and cell may be obtained by paging, registration, or other methods.
Enhanced Cell ID (E‑CID) based on LTE signals positioning refers to techniques which use additional UE measurements and/or NG-RAN radio resource and other measurements to improve the UE location estimate.
Although E-CID based on LTE signals positioning may utilise some of the same measurements as the measurement control system in the RRC protocol, the UE generally is not expected to make additional measurements for the sole purpose of positioning; i.e., the positioning procedures do not supply a measurement configuration or measurement control message, and the UE reports the measurements that it has available rather than being required to take additional measurement actions.
In cases with a requirement for close time coupling between UE and ng-eNB measurements (e.g., TADV type 1 and UE E-UTRA Rx-Tx time difference), the ng-eNB configures the appropriate RRC measurements and is responsible for maintaining the required coupling between the measurements.
In the case of a serving gNB, E‑CID based on LTE signals positioning can be supported using E-UTRA measurements provided by a UE to the serving gNB.
The operation of the Enhanced Cell ID based on LTE signals method is described in clause 8.3.
[bookmark: _Toc12632597][bookmark: _Toc29305291][bookmark: _Toc37338096]4.3.5	Barometric pressure sensor positioning
The barometric pressure sensor method makes use of barometric sensors to determine the vertical component of the position of the UE. The UE measures barometric pressure, optionally aided by assistance data, to calculate the vertical component of its location or to send measurements to the positioning server for position calculation.
This method should be combined with other positioning methods to determine the 3D position of the UE.
The operation of the Barometric pressure sensor positioning method is described in clause 8.4.
[bookmark: _Toc12632598][bookmark: _Toc29305292][bookmark: _Toc37338097]4.3.6	WLAN positioning
The WLAN positioning method makes use of the WLAN measurements (AP identifiers and optionally other measurements) and databases to determine the location of the UE. The UE measures received signals from WLAN [21] access points, optionally aided by assistance data, to send measurements to the positioning server for position calculation. Using the measurement results and a references database, the location of the UE is calculated.
Alternatively, the UE makes use of WLAN measurements and optionally WLAN AP assistance data provided by the positioning server, to determine its location.
The operation of the WLAN positioning method is described in clause 8.5.
[bookmark: _Toc12632599][bookmark: _Toc29305293][bookmark: _Toc37338098]4.3.7	Bluetooth positioning
The Bluetooth positioning method makes use of Bluetooth measurements (beacon identifiers and optionally other measurements) to determine the location of the UE. The UE measures received signals from Bluetooth [22] beacons. Using the measurement results and a references database, the location of the UE is calculated. The Bluetooth methods may be combined with other positioning methods (e.g. WLAN) to improve positioning accuracy of the UE.
The operation of the Bluetooth positioning method is described in clause 8.6.
[bookmark: _Toc12632600][bookmark: _Toc29305294][bookmark: _Toc37338099]4.3.8	TBS positioning
A Terrestrial Beacon System (TBS) consists of a network of ground-based transmitters, broadcasting signals only for positioning purposes. The current type of TBS positioning signals are the MBS (Metropolitan Beacon System) signals [23] and Positioning Reference Signals (PRS) (TS 36.211 [24]). The UE measures received TBS signals, optionally aided by assistance data, to calculate its location or to send measurements to the positioning server for position calculation.
The operation of the TBS positioning method based on MBS signals is described in clause 8.7.
TBS positioning based on PRS signals is part of OTDOA positioning and described in clause 8.2.
[bookmark: _Toc12632601][bookmark: _Toc29305295][bookmark: _Toc37338100]4.3.9	Motion sensor positioning
The motion sensor method makes use of different sensors such as accelerometers, gyros, magnetometers, to calculate the displacement of UE. The UE estimates a relative displacement based upon a reference position and/or reference time. UE sends a report comprising the determined relative displacement which can be used to determine the absolute position.
This method should be used with other positioning methods for hybrid positioning.
The operation of the sensor positioning method is described in clause 8.8.
[bookmark: _Toc37338101]4.3.10	NR Enhanced Cell ID methods
NR Enhanced Cell ID (NR E‑CID) positioning refers to techniques which use additional UE measurements and/or NR radio resource and other measurements to improve the UE location estimate.
Although NR E-CID positioning may utilise some of the same measurements as the measurement control system in the RRC protocol, the UE generally is not expected to make additional measurements for the sole purpose of positioning; i.e., the positioning procedures do not supply a measurement configuration or measurement control message, and the UE reports the measurements that it has available rather than being required to take additional measurement actions.
The operation of the NR Enhanced Cell ID method is described in clause 8.9.
[bookmark: _Toc37338102]4.3.11	Multi-RTT positioning
The Multi-RTT positioning method makes use of the UE Rx-Tx measurements and DL PRS RSRP of downlink signals received from multiple TRPs, measured by the UE and the measured gNB Rx-Tx measurements and UL SRS-RSRP at multiple TRPs of uplink signals transmitted from UE.
The UE measures the UE Rx-Tx measurements (and optionally DL PRS RSRP of the received signals) using assistance data received from the positioning server, and the TRPs measure the gNB Rx-Tx measurements (and optionally UL SRS-RSRP of the received signals) using assistance data received from the positioning server. The measurements are used to determine the RTT at the positioning server which are used to estimate the location of the UE.
The operation of the Multi-RTT positioning method is described in clause 8.10.
[bookmark: _Toc37338103]4.3.12	DL AoD positioning
The DL AoD positioning method makes use of the measured DL PRS RSRP of downlink signals received from multiple TPs, at the UE. The UE measures the DL PRS RSRP of the received signals using assistance data received from the positioning server, and the resulting measurements are used along with other configuration information to locate the UE in relation to the neighbouring TPs.
The operation of the DL AoD positioning method is described in clause 8.11.
[bookmark: _Toc37338104]4.3.13	DL TDOA positioning
The DL TDOA positioning method makes use of the DL RSTD (and optionally DL PRS RSRP) of downlink signals received from multiple TPs, at the UE. The UE measures the DL RSTD (and optionally DL PRS RSRP) of the received signals using assistance data received from the positioning server, and the resulting measurements are used along with other configuration information to locate the UE in relation to the neighbouring TPs.
The operation of the DL TDOA positioning method is described in clause 8.12.
[bookmark: _Toc37338105]4.3.14	UL TDOA positioning
The UL TDOA positioning method makes use of the UL TDOA (and optionally UL SRS-RSRP) at multiple RPs of uplink signals transmitted from UE. The RPs measure the UL TDOA (and optionally UL SRS-RSRP) of the received signals using assistance data received from the positioning server, and the resulting measurements are used along with other configuration information to estimate the location of the UE.
The operation of the UL TDOA positioning method is described in clause 8.13.
[bookmark: _Toc37338106]4.3.15	UL AoA
The UL AoA positioning method makes use of the measured azimuth and zenith of arrival at multiple RPs of uplink signals transmitted from the UE. The RPs measure A-AoA and Z-AoA of the received signals using assistance data received from the positioning server, and the resulting measurements are used along with other configuration information to estimate the location of the UE.
The operation of the UL AoA positioning method is escribed in clause 8.14.


In summary, the stage 2 description of the positioning methods in Rel. 16 specifies the following options 

	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted
	Remarks

	A-GNSS
	Yes
	Yes
	No
	RAT-independent

	OTDOA Note1, Note 2
	No
	Yes
	No
	Legacy E-UTRA positioning method

	E-CID Note 4 
	No
	Yes
	Yes
	Legacy E-UTRA positioning method

	Sensor
	Yes
	Yes
	No
	RAT-independent

	WLAN
	Yes
	Yes
	No
	RAT-independent

	Bluetooth
	No
	Yes
	No
	RAT-independent

	TBS Note 5
	Yes
	Yes
	No
	RAT-independent

	DL-TDOA
	Yes
	Yes
	No
	Specified in Rel. 16 5G-NR

	DL-AoD
	Yes
	Yes
	No
	Specified in Rel. 16 5G-NR

	Multi-RTT
	No
	Yes
	Yes
	Specified in Rel. 16 5G-NR

	NR E-CID 
	No
	Yes
	Yes
	Specified in Rel. 16 5G-NR

	UL-TDOA
	No
	No
	Yes
	Specified in Rel. 16 5G-NR

	UL-AoA
	No
	No
	Yes
	Specified in Rel. 16 5G-NR



The positioning methods in the table above can be broadly categorized into three categories: 
1. Positioning methods from previous releases based on LTE signals, e.g. up to Rel-15: OTDOA, E-CID;
2. Positioning methods (RAT-independent techniques) based on external systems/sensors and network assistance: A-GNSS, Sensor, WLAN, Bluetooth, TBS
3. Positioning methods based on NR signals for Rel-16: DL-TDOA, DL-AoD, Multi-RTT, NR E-CID, UL-TDOA, UL-AoA;
It has been specified in the WID [1] that “NTN-network based location of UE” shall be used. This excludes UE-based version of positioning methods. Therefore, only LMF-based (UE-assisted or NG-RAN node assisted) UE positioning using NTN-network shall be used. This leaves LMF-based version of, DL-TDOA, DL-AoD, Multi-RTT, NR E-CID, UL-TDOA, UL-AoA. 
Observation 5: In the justification “NTN-network based location of UE” is required, which excludes “UE-based” positioning methods. This leaves only LMF-based versions of positioning methods. 
The DL-AoD and UL-AoA methods intuitively suffer from lower resolution due to relatively wide beam-spot of an NTN satellite (e.g. in case of LEO with a beam size up to 1000 km [10]), and can be excluded early. This leaves DL-TDOA, Multi-RTT, NR E-CID, UL-TDOA as suitable alternatives from the NW-based alternatives for RAT-dependent techniques.  
Observation 6: The AoD and AoA methods can be excluded due to spot beams covering several kilometers with NTN satellites.
Proposal 2: RAN2 shall down-select the methods to be analyzed to DL-TDOA, Multi-RTT, NR E-CID, UL-TDOA and A-GNSS in LMF-based variant for use in NTN Positioning.


Summary
The above section gives an overview of the available positioning methods and options for terrestrial applications available in Rel-16 and proposes a way forward to lower down the scope of work for the assessment and the use in NTN.
The following observations and proposals are described in this document:
Observation 1: Only one scenario (regulatory services) is mentioned in WID without specifying the requirements on accuracy is mentioned for NTN-network based location services. 
Observation 2:  UE-based means the position calculation is made at the UE, whereas LMF-based means the position calculation is done at the LMF inside the 5G-Core Network. 
Observation 3: UE-assisted means UE-provides measurements for positioning and NG-RAN node assisted means NG-RAN provides measurement for positioning for the considered positioning method.
Observation 4: UEs used within NTN networks are assumed to be able to provide GNSS-based location. The capability to obtain NTN-network based UE location (based on own positioning methods within the NTN mobile networks) is regarded as necessary means to trustworthiness and availability of location.
Proposal 1: RAN2 to consider terrestrial RAT-dependent LMF-based Rel. 16 NR positioning methods for their use in NTN networks in order to provide NTN-network based UE location. RAN2 to agree to analyze these positioning methods (i.e. these LCS application protocols). 
Observation 5: In the justification “NTN-network based location of UE” is required, which excludes “UE-based” positioning methods. This leaves only LMF-based versions of positioning methods. 
Observation 6: The AoD and AoA methods can be excluded due to spot beams covering several kilometers with NTN satellites.
Proposal 2: RAN2 shall down-select the positioning method from DL-TDOA, Multi-RTT, NR E-CID, UL-TDOA and A-GNSS in LMF-based variant for use in NTN Positioning.
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Table 4.3.1-1: Supported versions of UE positi

Method UE-based UE-assisted, NG-RAN node
LMF-based assisted

A-GNSS Yes Yes No Yes (UE-based and UE-assisted)
OTDOA Notel, Note 2 No Yes No Yes (UE-assisted)
E-CID Note4 No Yes Yes Yes for E-UTRA (UE-assisted)
Sensor Yes Yes No No
WLAN Yes Yes No Yes
Bluetooth No Yes No No
TBS Notes Yes Yes No Yes (MBS)
DL-TDOA Yes Yes No No
DL-AoD Yes Yes No No
Multi-RTT No Yes Yes No
NR E-CID No Yes FFS No
UL-TDOA No No Yes No
UL-AcA No No Yes No
NOTE 1: This includes TBS positioning based on PRS signals.
NOTE 2: In this version of the specification only OTDOA based on LTE signals is supported.
NOTE 3: Void
NOTE 4: This includes Cell-ID for NR method.
NOTE 5: In this version of the specification only for TBS positioning based on MBS signals.
NOTE 6: Void

Sensor, WLAN, Bluetooth, and TBS positioning methods based on MBS signals are also supported in standalone mode,
as described in the corresponding clauses.
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