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1. Introduction 
In the last RAN plenary meeting #96, a study on requirements on use cases for network verified UE location for Non-Terrestrial-Networks (NTN) in NR [1] aiming at analysing the regulatory requirements (e.g. accuracy, privacy, reliability, latency) in terms of UE location service for a set of use cases/services (i.e. emergency call, lawful intercept, public warning, charging/billing) has been completed. 
[bookmark: _Hlk89953816]With the RAN level study item completed, the Rel-18 NTN Enh WID has been revised in [3, RP-221819]. 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.

2. Discussion 
2.1 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 connected to the same NTN RAN (Multi Operator Core Network sharing scenario) as illustrated in Figure 1, or covering an international area (e.g. an ocean) 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 1a satellite cell providing coverage over several countries
[image: ]
Figure 2a 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 3GPP 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.
Observation 1: 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.
Observation 2: 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.
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,…)

2.2 Hypothesis for the study
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.
As per TR 38.882 recommendations, the UE location information for the study is considered verified if the reported UE location is consistent with the network based assessment 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 which will 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 point is to compute the coordinates of the UE, based on measurement performed by the network and/or reported by the UE.
2.3 Legacy localization techniques in cellular systems
There is a wide range of technologies to support the UE localization in cellular systems.  Some of them are inherited from LTE [3GPP TS 36.305], some are provided by technologies outside of the 3GPP domain, and some have been introduced with 5G NR [3GPP TS 38.305].
The first method to provide the localization of a UE in terrestrial cellular systems is the use of the cell ID where the UE is. Such method provides an estimate of the position of the UE with a precision of a terrestrial cell size e.g. 5km to 10km. 
The other location methods providing the mechanisms to support or assist the calculation of the geographical position of a UE applicable for 5G are described in 3GPP [3GPP TS 38.305]. They are supported in the following configurations:
· UE-based: the UE is autonomous in the position determination
· UE-assisted (or Location Management Function LMF-based, described later): the UE needs some data from the NW in order to be able to finalize the position calculation.
· NG-RAN node assisted: the NG-RAN needs to actively participate to the signal generation. The UE sends measurements to a NW entity that has the computation capacity to combine measurement for the position calculation.
Proposal 1: UE assisted and NG-RAN node assisted methods should only be considered as part of Network verified UE location study in RAN2

Based on our analysis, the methods listed in [3GPP TS 38.305] that can be candidate for network verified UE location are listed below:
Multi-RTT (Multi-Round Trip Time)
Multi-RTT positioning relies on Rx-Tx time difference measurements in  DL (PRS and RSRP) performed by the UE and on Rx-Tx time difference measurements in UL (SRS) from multiple gNB. The network is then able to compute several RTT and estimate the position of the UE.

NR E-CID (Enhanced Cell ID method)
In the Enhanced Cell Id method, the gNB position is known to the network and the position of the UE is derived from the signal measurement already reported (timing advance, RSRP,…).

UL-TDOA (Uplink-Time Difference of Arrival)
The UE position is estimated based on UL-RTOA (Uplink-Relative Time of Arrival) (and optionally UL-SRS-RSRP) measurements taken by different gNB.

UL-AoA (Uplink-Angle-of-Arrival)
The UE position is derived from the angle of arrival of the UL signal performed by multiple TRPs.

Proposal  2: The methods listed in [3GPP TS 38.305] that can be candidate for network verified UE location based on 5G NR signals, based on network computations and potentially assisted by UE measurements are as follows: Multi-RTT, NT E-CID, UL-TDOA and UL-AoA.

	Method
	UE assisted
	NG-RAN node assisted

	Multi-RTT
	Yes
	Yes

	NR E-CID
	Yes
	Yes

	UL-TDOA
	No
	Yes

	UL-AoA
	No
	Yes





2.4 Legacy localization techniques drawbacks and method selection for NTN
With 5G NTN, the size of a cell or a beam can be of several tens of kilometers. Hence the cell ID cannot be used as a source to locate precisely a UE for the targeted services (user traffic routing, public warning, lawful interception or emergency services) that will rely on a UE positioning service.
From our perspective, Angle-based methods (AoA) can be excluded due to wide beam spot. Time-based methods (UL-TDoA, UL-TDoA, NR-ECID and multi-RTT) can be considered.  But as per the TR recommendation, The scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority. Therefore, multi-RTT may be more suitable approach.

The principle of the multi-RTT computation performed with only one satellite in the 5G NTN context is illustrated in Figure 3 and Figure 4. The measurements can be repeated several time in order to derive the position of the UE.
Observation 4: The multi-RTT computation can be performed with only one satellite in the 5G NTN context. The measures can be repeated several time in order to compute the position of the UE

Observation 5: The UE should be in RRC CONNECTED state in order to be able perform the verification of its location

On the network side, a time interval is obtained by a Rx-Tx time difference on chosen signals. 
On the UE side, a time interval is obtained by a Rx-Tx time difference on the Rx/Tx on chosen signals. This value is then communicated to the network side. 
Observation 6: There is an impact on the signaling for the multi-RTT method since the Rx-Tx time difference value is reported to the network

The network can then subtracts the UE interval to the network interval to obtain the RTT.
Proposal  3: The impact of the multi-RTT computation on delay of the targeted services (e.g. route traffic, public warning system, lawful interception, emergency services,…) must be further studied

The position of the satellite is always known to the network. The RTT value computed corresponds then to a circle on the ground (the center is the projection of the satellite position to the ground), composed by all the points at the same distance from the satellite. 
The operation is then repeated several times (different moments, different positions in the sky). the intersection between circles (circles of different diameters depending on the distance increase or decrease and with a different center) related to different satellite positions would indicate the coordinates of the UE. 
These measurements may be event triggered based, after a given procedure such as RACH or network triggered based on a command received from the network. These measurements may apply to one UE or a set of UEs.
Proposal  4: These multi-RTT measurements may be event triggered, after a given procedure such as RACH or network triggered based on a command received from the network.

[image: ]
Figure 3 - UE location computation thanks to several RTT measurements
[image: ]

Figure 4 - RTT computation
Proposal 5: For NGSO constellations with Quasi earth fixed or Earth moving cells, the Multi-RTT solution is applicable.

However this method may lack of precision in some case since the satellite and the UE have a very high relative velocity, the measurements are performed by only one satellite and the measurements may be taken in a short interval depending on the use case.
Proposal  6: The multi-RTT solution needs to be further investigated. RAN2 should send an LS to RAN1 about the performance of the multi-RTT techniques in a single satellite context (precision in the measurements, spacing on the measures,…).

Proposal  7: Wait for RAN1 outcomes on the performances in order to investigate further the multi-RTT solution at RAN2 level

2.6 Modifications to localization techniques
For the GEO case with Earth fixed cells, where several measurements at different positions are not possible, a mono-RTT approach can be adopted instead. The principle is the same as in the multi-RTT case, however only one measurement is performed. With this approach, the network is not able to compute autonomously the position of the UE, however it will be able to verify, or corroborate the position reported by the UE with the measure performed.
Observation 6: For the GEO case with Earth fixed cells, where several measurements at different positions are not possible, a mono-RTT approach can be adopted instead. The principle is the same as in the multi-RTT case, however only one measurement is performed

Observation 7: With the mono-RTT approach, the network is not able to compute autonomously the position of the UE, however it will be able to verify, or corroborate the position reported by the UE with the measure performed.

Proposal  8: a mono-RTT approach can be adopted for the GEO satellite case

[image: ]
Figure 5 - mono-RTT solution
If the reported position by the UE is on the circle computed, the position reported can be confirmed.
2.7 Other techniques
Besides the techniques mentioned above, the Timing Advance (TA) value as applied by the UE (on the service link) in order to align the UL/DL subframe at the gNB air interface can be reported through a RRC message along with the frame/subframe number associated to this value. 
Proposal  9: Timing Advance (TA) value as applied by the UE (on the service link) in order to align the UL/DL subframe at the gNB air interface can be reported through a RRC message along with the frame/subframe number associated to TA value.

With this timing advance value and given that the position of the satellite is always known to the network, the network can compute the circle on the ground (the center is the projection of the satellite position to the ground), composed by all the points at the same distance from the satellite. 
The operation is then repeated several times (different moments, different positions in the sky). the intersection between circles (circles of different diameters depending on the distance increase or decrease and with a different center) related to different satellite positions would indicate the coordinates of the UE. 
Proposal  10: The precision of the Timing Advance (TA) reported value (as applied by the UE on the service link) needs to be further investigated. RAN2 should send an LS to RAN1 about the performance of the technique in a single satellite context.

[bookmark: _Hlk101267667]Proposal  11: Wait for RAN1 outcomes on the performances in order to investigate further the positioning method based on the Timing Advance (TA) value reporting (as applied by the UE on the service link) at RAN2 level
3. 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,…)

Proposal 1: UE assisted and NG-RAN node assisted methods should only be considered as part of Network verified UE location study in RAN2

Proposal  2: The methods listed in [3GPP TS 38.305] that can be candidate for network verified UE location based on 5G NR signals, based on network computations and potentially assisted by UE measurements are as follows: Multi-RTT, NT E-CID, UL-TDOA and UL-AoA.

	Method
	UE assisted
	NG-RAN node assisted

	Multi-RTT
	Yes
	Yes

	NR E-CID
	Yes
	Yes

	UL-TDOA
	No
	Yes

	UL-AoA
	No
	Yes



Observation 4: The multi-RTT computation can be performed with only one satellite in the 5G NTN context. The measures can be repeated several time in order to compute the position of the UE

Observation 5: The UE should be in RRC CONNECTED state in order to be able perform the verification of its location

Observation 6: There is an impact on the signaling for the multi-RTT method since the Rx-Tx time difference value is reported to the network

Proposal  3: The impact of the multi-RTT computation on delay of the targeted services (e.g. route traffic, public warning system, lawful interception, emergency services,…) must be further studied

Proposal  4: These multi-RTT measurements may be event triggered, after a given procedure such as RACH or network triggered based on a command received from the network.

Proposal 5: For NGSO constellations with Quasi earth fixed or Earth moving cells, the Multi-RTT solution is applicable.

Proposal  6: The multi-RTT solution needs to be further investigated. RAN2 should send an LS to RAN1 about the performance of the multi-RTT techniques in a single satellite context (precision in the measurements, spacing on the measures,…).

Proposal  7: Wait for RAN1 outcomes on the performances in order to investigate further the multi-RTT solution at RAN2 level

Observation 6: For the GEO case with Earth fixed cells, where several measurements at different positions are not possible, a mono-RTT approach can be adopted instead. The principle is the same as in the multi-RTT case, however only one measurement is performed

Observation 7: With the mono-RTT approach, the network is not able to compute autonomously the position of the UE, however it will be able to verify, or corroborate the position reported by the UE with the measure performed.

Proposal  8: a mono-RTT approach can be adopted for the GEO satellite case

Proposal  9: Timing Advance (TA) value as applied by the UE (on the service link) in order to align the UL/DL subframe at the gNB air interface can be reported through a RRC message along with the frame/subframe number associated to TA value.

Proposal  10: The precision of the Timing Advance (TA) reported value (as applied by the UE on the service link) needs to be further investigated. RAN2 should send an LS to RAN1 about the performance of the technique in a single satellite context.

Proposal  11: Wait for RAN1 outcomes on the performances in order to investigate further the positioning method based on the Timing Advance (TA) value reporting (as applied by the UE on the service link) at RAN2 level

[bookmark: _GoBack]
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