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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 (NTN) in order to [RP-221819]: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 on requirements and use cases for network verified UE location for 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.

This feature lead summary document aims to collect and align on company views on the issues related Network verified UE location in NR NTN. It contains a summary of the contributions under 12.9.2 at TSG-RAN WG1 #110. together with identified key issues. The goal of this document is also to provide recommendation on prioritization of discussion and whether any issues should be postponed.

A total of 18 TDocs have been submitted to current meeting for discussion. Please see the Appendix for the details, with all the proposals. 

[CLOSED] Issue#1	 RAT-dependent positioning methods for Rel-18 Network verified UE location
Background
The terrestrial NR (TN) positioning methods specified in Rel. 16/17 have been designed taking into account the typical propagation and coverage requirements of TN in mind. The NTN networks have fundamentally specific characteristics/constraints such as moving anchor nodes, wider beam size so on and only one satellite maybe in view at a time. Compared to the TN, the performance achieved in the TN may not be fully reached in NTN for a given method.
As per the TR 38.882 recommendation, when considering solutions based on positioning methods, existing 3GPP defined RAT dependent positioning methods shall be considered as baseline. Other methods are not precluded. Different solutions or positioning methods for NGSO, GSO or HAPS are not precluded.
Also, it was recommended in the TR 38.882 to consider the scenario of single satellite (or HAPS) in view by the UE at a time with higher priority. And multiple satellite (or HAPS) in view by the UE may be considered if time allows.
Companies’ contributions summary
Based on companies expressed views in the contributions, an initial assessment of existing 3GPP defined RAT dependent positioning methods that can be used for UE location verification is summarised in the following Table.
Regarding the question whether the existing 3GPP defined RAT dependent positioning methods can be used for UE location verification, the companies views are as follow:

	Method
	Single satellite
	Multi satellites
	Companies comments

	Cell ID
	No
	
	Huawei: Due to the large satellite beam/cell coverage 
Huawei: Due to the change of channel, methods based on measurements that reflect signal level and quality, e.g., RSRP and RSRQ

	
	No
	
	MediaTek: not suitable for very large cells of several hundred km in NTN

	
	
	
	CATT: Huge coverage or big beam size

	NR-ECID
	No
	
	Huawei: Since reflector antenna is common assumption for satellites in 3GPP NTN

	
	
	
	Thales: FFS: Hybrid method (e.g RTT – NR E-CID) and by considering appropriate NR E-CID measurements, precise UE specific TA reporting, including new measurement such Doppler reporting

	
	No
	
	CATT: NR E-CID method cannot be straightly applied in NTN scenarios because of the large coverage of satellite beams

	
	Yes
	Yes
	LG: But it has limited positioning accuracy.

	
	
	
	NTT DOCOMO: Angle-based methods and RSRP-based methods are deprioritized

	AoA/AoD
	NO
	NO
	Huawei: reflector antenna is common assumption for satellites in 3GPP NTN

	
	
	
	Thales: For further study

	
	
	
	vivo: may achieve a low accuracy since minor angle measurement error will introduce a huge positioning error on the ground

	
	
	
	CATT: Method of angle measuring, less overlapping coverage

	
	
	
	LG: it has limited accuracy of horizontal plane positioning.

	
	
	
	NTT DOCOMO: Angle-based methods and RSRP-based methods are deprioritized

	
	
	
	Ericsson:	It may be feasible to use the angle of arrival method for network verified UE location depending on the achievable angle resolution at the satellite

	UL-TDOA
	No
	No
	Huawei: due to the open loop TA pre-compensation

	
	No
	No
	vivo: the UL coverage is normally worse than DL coverage, it is not desirable to select positioning method based on UL signal measurement for NTN network

	
	No
	Yes
	MediaTek: OTDOA and UTDOA methods are not suitable for scenarios where a single satellite is in coverage of a U

	
	
	
	CATT: Less overlapping coverage, time synchronizing between the satellites, low SNR

	
	
	
	Panasonic: timing difference method should be studied

	
	YES
	YES
	Xiaomi: DL-TDOA/UL-TDOA/multi-RTT, can be extended to NTN networks to verify the UE location report.

	
	Yes
	Yes
	Samsung: time-based methods (such as DL-TDOA, UL-TDOA, and multi-RTT) would be more reliable and provide better accuracy

	
	
	
	Nokia: Traditional terrestrial methods relying on triangulation, even where multiple positions of the same satellite are taken into account do not solve the problem of position verification

	
	Yes
	Yes
	Qualcomm: Positioning techniques used in terrestrial networks, such as DL-TDOA, TA report, RTT, multi-RTT, can be extended to NTN networks

	
	Yes
	Yes
	Apple: RAN1 at least examines DL TDOA, UL TDOA and multi-RTT positioning methods

	
	Yes
	Yes
	LG Electronics: vulnerable to the NLOS environment

	
	
	
	NTT DOCOMO: DL-TDOA, UL-TDOA, multi-RTT are prioritized for verification of UE location in NTN

	
	
	
	Ericsson: to be treated with lower priority as it requires multiple NTN payloads (satellites or HAPSs)

	DL-TDOA
	Yes
	Yes
	Huawei: RTT-based and DL-TDOA based solutions can better fit the NTN constraints and they are applicable for single-satellite scenario

	
	No
	Yes
	MediaTek: Low accuracy, depends on SNR, PRS measurement duration

	
	No
	Yes
	MediaTek: OTDOA and UTDOA methods are not suitable for scenarios where a single satellite is in coverage of a U

	
	
	
	CATT: Less overlapping coverage, time synchronizing between the satellites, low SNR

	
	
	
	Panasonic: timing difference method should be studied

	
	YES
	YES
	Xiaomi: DL-TDOA/UL-TDOA/multi-RTT, can be extended to NTN networks to verify the UE location report.

	
	Yes
	Yes
	vivo: TDOA based method in downlink can be a starting point

	
	Yes
	Yes
	Samsung: time-based methods (such as DL-TDOA, UL-TDOA, and multi-RTT) would be more reliable and provide better accuracy

	
	
	
	Nokia: Traditional terrestrial methods relying on triangulation, even where multiple positions of the same satellite are taken into account do not solve the problem of position verification

	
	
	
	Nokia: Traditional terrestrial methods relying on triangulation, even where multiple positions of the same satellite are taken into account do not solve the problem of position verification

	
	Yes
	Yes
	Qualcomm: Positioning techniques used in terrestrial networks, such as DL-TDOA, TA report, RTT, multi-RTT, can be extended to NTN networks

	
	Yes
	Yes
	Apple: RAN1 at least examines DL TDOA, UL TDOA and multi-RTT positioning methods

	
	Yes
	Yes
	LG Electronics: vulnerable to the NLOS environment

	
	
	
	NTT DOCOMO: DL-TDOA, UL-TDOA, multi-RTT are prioritized for verification of UE location in NTN

	
	
	
	Ericsson: to be treated with lower priority as it requires multiple NTN payloads (satellites or HAPSs)

	Multiple RTT
	Yes
	Yes
	Huawei: RTT-based and DL-TDOA based solutions can better fit the NTN constraints and they are applicable for single-satellite scenario

	
	Yes
	Yes
	ZTE: ambiguity in the direction perpendicular to the orbit plane can be resolved by AOA at satellite

	
	Yes
	Yes
	MediaTek: Low accuracy, depends on SNR, PSS/SSS/PRS / SRS measurement duration

	
	[YES]
	[YES]
	CATT: Less overlapping coverage, low SNR

	
	[YES]
	[YES]
	Lenovo: Multi-RTT based scheme may need further study

	
	YES
	YES
	Xiaomi: DL-TDOA/UL-TDOA/multi-RTT, can be extended to NTN networks to verify the UE location report.

	
	Yes
	Yes
	Samsung: time-based methods (such as DL-TDOA, UL-TDOA, and multi-RTT) would be more reliable and provide better accuracy

	
	
	
	Nokia: Traditional terrestrial methods relying on triangulation, even where multiple positions of the same satellite are taken into account do not solve the problem of position verification

	
	
	
	Qualcomm: Positioning techniques used in terrestrial networks, such as DL-TDOA, TA report, RTT, multi-RTT, can be extended to NTN networks

	
	Yes
	Yes
	Apple: RAN1 at least examines DL TDOA, UL TDOA and multi-RTT positioning methods

	
	Yes
	Yes
	LG: it has disadvantage of long latency and difficulty of obtaining many measurements.

	
	
	
	NTT DOCOMO: DL-TDOA, UL-TDOA, multi-RTT are prioritized for verification of UE location in NTN

	
	
	
	Ericsson: to be treated with lower priority as it requires multiple NTN payloads (satellites or HAPSs)



The following table summarizes the proposals submitted to RAN1#110: 

	Companies
	Proposals

	THALES
	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 6: 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.

	Huawei, HiSilicon
	Observation 5: Cell ID information is not sufficient for verification of UE reported location with 5~10km accuracy due to the large cell coverage of satellites. 
Observation 6: Due to the change of channel, methods based on measurements that reflect signal level and quality, e.g., RSRP and RSRQ, are not applicable to verify UE reported geographical location.
Observation 7: Since reflector antenna is common assumption for satellites in 3GPP NTN, angle-based positioning methods are not appropriate for discussion at this moment.
Observation 8: UL-TDOA-dependent positioning methods are not suitable in verification of UE reported location due to the open loop TA pre-compensation which can’t be known by the network through UL detection.
Proposal 1: Further study RTT-based positioning and DL-TDOA positioning methods for verification of the UE reported location. 

	ZTE
	Proposal 4: Single-satellite based multi-RTT positioning method can be used for UE location verification, where the RTTs are measured based on same satellite at different time instance. 


	vivo
	Proposal 1: 
· For studying RAT dependent positioning in NTN, only single satellite based positioning is assumed. 
Proposal 3: 
· Existing positioning method for TN can be selected for NTN positioning study.
· RAN1 should discuss and decide which TN positioning method should be used for NTN positioning study, TDOA based method in downlink can be a starting point.


	Sony
	Proposal 1: RAN1 should specify adaptations to existing 3GPP defined RAT-dependent positioning methods needing simultaneous coverage from more than one cell so they can function in only single NTN cell coverage.
Proposal 2: RAN1 shall define network location verification methods that are immune to spoofing by malicious UEs intent on reporting a fake location.

	MediaTek Inc.
	Proposal 1: Multi-RTT method with single satellite re-using Rel-17 UE-specific TA reports is the baseline for network-based UE location verification.


	CATT
	Proposal 1: Considering the issues analyzed above, to realize the RAT-dependent positioning solutions in NTN, the following conditions should be treated as the base line.
· For frequency band and terminal types, the S band (or low band) and handheld terminal should be prior as the baseline.
· Considering the less overlapping coverage problem, the single LEO satellite with multi-time measurements should be one typical positioning scenario discussed firstly.
· In order to verify the precision of the RAT dependent positioning solutions in NTN scenarios, the simulations should be implemented according to the NTN parameters.
Proposal 2: In order to apply the RAT dependent positioning solutions in NTN single satellite scenario, the following aspects should be studied firstly.
· Which RAT dependent positioning solution can be adapted to the single satellite scenario should be analyzed carefully.
· How adaptive alterative could be done for the proper RAT dependent positioning solutions in single satellite scenario should be studied.
Proposal 3: The parameters of the satellites and UE described in TR 38.821 should be treated as the baseline in analyzing the precision of RAT dependent positioning methods in NTN scenarios.


	Panasonic
	Proposal 2: 3GPP RAT dependent positioning methods and TA report based method should be studied for UE location verification. 
Proposal 3: For 3GPP RAT dependent positioning, timing difference method should be studied. 
Proposal 4: For LEO, different transmission timings from single satellite should be considered. 


	Lenovo
	Proposal 2: RAN1 should further study the feasibility and applicability of the current RAT-dependent positioning techniques in the context of NTN.
Proposal 4: RAN1 to clarify if hybrid positioning methods (RAT dependent and RAT independent) are under the scope of study.
Proposal 5: RAN1 to further study DL-TDoA/UL-TDoA and Multi-RTT timing-based positioning techniques and associated adaptations for NTN to verify UE reported location
Proposal 9: RAN1 to further study DL/UL angle-based and NR-ECID positioning techniques and associated adaptations for NTN to verify the UE reported location.


	Xiaomi
	Proposal 2: The RAT-dependent positioning including DL-TDOA, UL-TDOA and multi-RTT should be considered for UE location verification.

	Samsung
	Proposal 1:  Study both GNSS/A-GNSS method and RAT-dependent method for network-verified UE location for NR NTN.  
Proposal 2:  Study RAT-dependent method for network-verified UE location for NR NTN by prioritizing DL-TDOA, UL-TDOA and RTT positioning techniques in single satellite which should be also applicable to multiple satellites.
Proposal 3: Study enhancements for GNSS-based and RAT-dependent measurement reports from the UE to network, e.g. time stamps associated to measurement reports.


	ETRI
	Proposal 1: It is necessary to identify reliable measurement information.
Proposal 2: When GNSS reporting information of a UE is not reliable, the information of AoA and time difference between Tx and Rx by that UE should be considered unreliable
Proposal 3: Estimating and verifying the location of UE by tracking the change of beam ID and cell ID to which the UE is connected can be considered. 


	Nokia, Nokia Shanghai Bell
	Proposal 4: RAN1 should study methods combining several inputs beyond the traditional methods to verify the UE position


	Qualcomm 
	Proposal 1: RAN1 and RAN2 to focus on adapting TN positioning techniques, such as DL-TDOA, UL-TDOA and RTT, for verification of the UE location using a single or multiple satellites

	Apple
	Proposal 1: For network verifying UE location, RAN1 to examine the LMF based schemes.

Proposal 2: For network verifying UE location, RAN1 to examine at least the following methods:
· Downlink TDOA
· Uplink TDOA
· Multi-RTT


	LG Electronics
	Proposal #2: NR positioning techniques such as TDOA, AoD/AoA, E-CID and Multi-RTT can be considered as potential solutions for NW verified UE location for NR NTN. 


	NTT DOCOMO
	Proposal 1:
For NW verified UE location for NR NTN, study the following options.
· Option 1: Based on Rel-17 UE-specific TA report
· Option 2: Based on NR RAT-dependent positioning methods 
Proposal 2: 
Support report of information in addition to UE specific TA for the verification of UE location.
· The additional information can be propagation delay/distance between UE and a reference point.
· The choice of the reference point can be discussed, e.g. satellite, the reference location of serving cell which indicated in NTN-SIB, etc.
Proposal 3: 
The time-based RAT dependent positioning methods, i.e. DL-TDOA, UL-TDOA, multi-RTT are prioritized for verification of UE location in NTN.
· Angle-based methods and RSRP-based methods are deprioritized.

	Ericsson
	Proposal 1	RAN1 to discuss the achievable accuracy with the angle of arrival method, and with the E-CID method based on measurements on the same satellite as well as hybrid combinations.
Proposal 3	RAN1 should discuss and decide the positioning methods to be prioritized for further study on network verified UE location in NR NTN.


Initial proposal 1
Based on companies contributions, the group can down-select time-based methods (i.e. multi-RTT and  DL-DTOA) as a starting point for the evaluation of  NTN-positioning methods for UE location verification. 
Initial Proposal 1 is made as follows:

Initial Proposal 1:

The following 3GPP defined RAT dependent positioning methods shall be considered as baseline for the study on Network verified UE location in case of NGSO based NTN deployment:

· Single-satellite time-based based positioning methods:
· Multi-RTT
· DL-DTOA
· Multiple-satellites time-based based positioning methods:
· Multi-RTT
· DL-DTOA
The scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority

Note-1: Other methods (e.g. AoA based) are not precluded
Note-2: RAT independent are not under the scope of the study


Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	ZTE
	Fine with the proposal

	Xiaomi
	Some wording update:
· Single-satellite time-based based positioning methods:
· Multi-RTT
· DL/UL-TDOA
· Multiple-satellites time-based based positioning methods:
· Multi-RTT
· DL/UL-TDOA
· 


	OPPO
	In addition to Multi-RTT and DL-TDOA, we think UL-TDOA is also worth studying, as UE may only be required to transmit SRSs at different time instances in this method and the UE implementation is simple. We propose the following updates:
· Single-satellite time-based based positioning methods:
· Multi-RTT
· DL-DTOA
· UL-TDOA
· Multiple-satellites time-based based positioning methods:
· Multi-RTT
· DL-DTOA
· UL-TDOA


	Vivo
	We’re generally fine with the proposal, but we do not think multiple satellites based positioning is needed.

	Ericsson
	We agree to the proposal. We do believe that RAN1 at this meeting in addition needs to reach an agreement with regards to the latency aspect of the NW verified positioning, i.e. is there a time constraint that needs to be met or not when performing the positioning procedure? 

	MediaTek
	For single satellite, more discussions needed on whether DL-DTOA can be baseline. 
RAN1 needs further discussion on  multi-RTT approach which is covered in Issue #6. We repeat comment here
Multi-RTT method can be based on two approaches:
· Option 1: with prediction - UE-specific TA reports
· Option 2: with measurements– UE-specific TA report, UE-time difference report, SRS

	NTT DOCOMO
	Fine with the proposal as well as the updates by Xiaomi and OPPO.

	Lenovo
	We are fine to study these methods. We share similar view with Xiaomi and OPPO that UL TDOA should also be considered.
Meanwhile, we should not preclude other methods such as NR-ECID. We think that NR-ECID method may further be enhanced to meet the accuracy requirements set for verification procedure, especially for single satellite. Moreover, in our opinion, Proposal 8 and Proposal 1 could be merged. We do not see any need to have separate proposals.

	Intel
	We support the revision from OPPO. We prefer to consider UL-based methods as well. 

	LG
	Fine with Oppo and Xiaomi’s modification. 

	Huawei, HiSilicon
	We are fine with the proposal. For the note to deprioritize the multiple-satellite based approach, we are fine with it and we think  we should strictly follow the description in WID. 



Updated proposal 1
Initial proposal 1 is slightly updated based on offline discussions as follows:


Updated Proposal 1:

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:

· Single-satellite time-based based positioning methods:
· Multi-RTT
· DL/UL-TDOA
· Multiple-satellites time-based based positioning methods:
· Multi-RTT
· DL/UL-TDOA
The scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority

Note-1: Other methods (e.g. AoA based) are not precluded
Note-2: RAT independent are not under the scope of the study

The above proposal was further discussed during online session held on Monday August 22nd .The following agreement was made:

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

[CLOSED]Issue#2 Verification of UE location based on multiple satellites
Background
According to the TR 38.882: 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.
Companies’ contributions summary
As discussed by several companies, to attain sufficient accuracy in case of single satellite with RTT measurements, a measurement window up to a tens of seconds may be required and thereby a longer UE location verification period. 
[Huawei] made observation 4 below.
[Qualcomm]: observed that with a constellation that provides global coverage with a minimum elevation angle 30 degrees or more, a UE in an open area can certainly receive from multiple satellites. Therefore, by considering above observation. [Qualcomm] made the Proposal 2 below.
From Moderator’s perspective, multiple satellite (or HAPS) in view by the UE should naturally be also considered in Release 17.

	Companies
	Proposals

	Huawei
	Observation 4: Verification of UE reported location based on multiple satellites is challenging considering the following limitations:
· the number of available satellites for a given NTN UE is limited and cannot be guaranteed in NTN scenario;
· and the timing and UL synchronization among multiple satellites cannot be assumed by existing NTN speciation;
· extra inter-frequency measurements may be needed to support multi-satellite based location verification.

	Qualcomm
	Proposal 2: For network verification of UE location, cases involving single satellite and multiple satellites are both considered in Rel-18. 



Initial proposal 2
FL initial proposal #2 is made as follows:
Initial Proposal 2: 
For network verification of UE location, cases involving multiple satellites should be also considered in Rel-18.

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	ZTE
	We do not think this agreement is needed now. It was recommended in the TR 38.882 to consider the scenario of single satellite (or HAPS) in view by the UE at a time with higher priority. And multiple satellite (or HAPS) in view by the UE may be considered if time allows. There is no need of such a proposal.

	Xiaomi
	As indicated in the RAN SI outcome, the single satellite scenario is prioritized. We prefer to follow the principle and focus on the single satellite scenario as single satellite and multiple satellite scenario may requires different design support.

	OPPO
	In our view, multiple satellites for UE location verification can be deprioritized.

	Vivo
	As is agreed in the TR, single satellite based positioning should be prioritized. We do not think it is necessary to consider multiple satellites in this release given limited TU.

	Ericsson
	Agree. We think this is of special relevance in the case of GSO deployments.

	MediaTek
	No need for this proposal. Single satellite can be the higher priority as recommended in TR 38.882. This does not preclude discussions on multiple satellites. RAN1 should focus on single satellite solution that can be extended to multiple satellites if this can be shown to provide potential benefits.

	NTT DOCOMO
	Multiple satellite scenario may be considered if time allows, this proposal may not be needed.

	Lenovo
	We are fine with the proposal.

	Intel
	Support the proposal

	LG
	Fine with the proposal. 

	Huawei, HiSilicon
	We think the WID already gives us the guidance: prioritize the single satellite approach, after that, if time allows, then consider multiple satellite. 
We don’t think the agreement is needed.

	Apple
	We do not think this proposal is needed. 
Overall, we think the multiple satellites case should be considered only when time allows. It is too early to agree to consider the multiple satellites case. 



Given the current situation, this proposal can be postponed for now

[CLOSED] Issue#3 Evaluation of time based positioning methods 
Background
Feasibility and performance of of time based (Multi-RTT and DL-DTOA) positioning methods should be evaluated. In current meeting we need to determine what should be evaluated? Discuss the methodology and define the scenarios and system parameters for time based positioning methods.
Companies’ contributions summary
Preliminary evaluation of single-satellite based UE location verification was provided by some companies. Multiple-satellite scenario was evaluated by [Qualcomm]:
[Huawei]: observed that For single satellite based RTT-based approach and DL-TDOA solution, the accuracy of 5~10km UE location verification can be achieved with much larger error of measurements compared to that in TN positioning. And proposed to further evaluate the achievable measurement accuracy based on PSS, SSS, and SRS to confirm they are applicable for the UE location verification. According to Huawei, assuming measurement error of [-4000Tc, 4000Tc] and measurement interval of 6s, the maximum verification error is around 7km, which can meet the requirement of 5~10km.
According to [Thales]  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 collected multiple RTT measurements.. [Thales] proposed to use the dilution of precision (DOP) as performance metric for the evaluation of time based positioning methods. According to Thales the DOP is an important aspect to be considered indeed, the arrangement of the satellite positions on the orbit (satellite geometry and how vTRPs are spread) affects the accuracy of the positioning. The DOP values obtained through simulations are very high/poor(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). -	UE position uncertainty area below 10km could be obtained only with low RTT errors (e.g. 50ns to 100ns) and longer duration for RTT measurements collection (e.g. 508s or 624s). With RTT error of 100ns, the UE location could be determined within 8 km if RTT/data collection duration is 624s or 13 km if RTT/data collection duration is 508s. If this duration is reduced as in scenario 1(i.e. 246s), resulting UE position uncertainty area size will increase and could be even higher than a beam size.
[ZTE] observed that the single-satellite based multi-RTT method can meet the accuracy requirement with 97% probability when RTT measurement error is 30ns and measurement period is 90s for LEO-600. Further [ZTE] proposed that Single-satellite based multi-RTT positioning method can be used for UE location verification, where the RTTs are measured based on same satellite at different time instants.
For [MediaTek] Multi-RTT method with single satellite re-using Rel-17 UE-specific TA reports is the baseline for network-based UE location verification.
[CATT] proposed (refer to Proposal 1 below) scenarios and some parameters for the evaluation of RAT-dependent positioning solutions in NTN and proposed that the parameters of the satellites and UE described in TR 38.821 should be treated as the baseline in analyzing the precision of RAT dependent positioning methods in NTN scenarios.
[Lenovo] proposed for RAN1 to further study enhancements (if needed) to both PRS/SRS for positioning configuration design for NTN RAT-dependent positioning techniques.
[Xiaomi] preliminary simulation result using DL-TDOA and observed that the measurement interval, observation times and the satellite orbit have significant impact on the positioning accuracy and proposed that The RAT-dependent positioning including DL-TDOA, UL-TDOA and multi-RTT should be considered for UE location verification.
[Nokia] observed that traditional terrestrial methods relying on triangulation, even where multiple positions of the same satellite are taken into account do not solve the problem of position verification. And proposed for RAN1 to study methods combining several inputs beyond the traditional methods to verify the UE position.
According to [Qualcomm] Single satellite can be used to verify the UE location only if the satellite moves fast enough, e.g., a LEO satellite. [Qualcomm] made the following observation: with 3 satellites a UE location can be determined with about 100 m uncertainty along latitude or longitude. And proposed for network verification of UE location, cases involving single satellite and multiple satellites are both considered in Rel-18.
Several companies observed that performance of single-satellite based UE location verification is largely impacted by the time interval of measurements. 

The following table provides the list of the proposals submitted to RAN1#110 and related to issue#3:  

	Companies
	Proposals

	Huawei
	Proposal 3: Further evaluate the achievable measurement accuracy based on PSS, SSS, and SRS to confirm they are applicable for the UE location verification.
Proposal 2: To reduce the overhead, time-related measurements can be performed via other downlink and uplink signals than PRS and SRS, considering the relaxed requirement of measurement accuracy for network verification of UE reported location.

	ZTE
	Proposal 1: The performance of single-satellite based RAT-dependent positioning method should be evaluated to justify whether regulatory requirements are satisfied.
Proposal 4: Single-satellite based multi-RTT positioning method can be used for UE location verification, where the RTTs are measured based on same satellite at different time instance.

	MediaTek Inc.
	Proposal 1: Multi-RTT method with single satellite re-using Rel-17 UE-specific TA reports is the baseline for network-based UE location verification.


	Oppo
	Proposal 1 Satellite at a given time is considered as a TRP. 
Proposal 2 A moving satellite at multiple time instance is modeled as multiple TRPs.
Proposal 3 TRP’s location is obtained through satellite’s ephemeris information.
Proposal 4 Time difference between satellite-based TRPs should be under network’s control.


	CATT
	Proposal 1: Considering the issues analyzed above, to realize the RAT-dependent positioning solutions in NTN, the following conditions should be treated as the base line.
· For frequency band and terminal types, the S band (or low band) and handheld terminal should be prior as the baseline.
· Considering the less overlapping coverage problem, the single LEO satellite with multi-time measurements should be one typical positioning scenario discussed firstly.
· In order to verify the precision of the RAT dependent positioning solutions in NTN scenarios, the simulations should be implemented according to the NTN parameters.
Proposal 2: In order to apply the RAT dependent positioning solutions in NTN single satellite scenario, the following aspects should be studied firstly.
· Which RAT dependent positioning solution can be adapted to the single satellite scenario should be analyzed carefully.
· How adaptive alterative could be done for the proper RAT dependent positioning solutions in single satellite scenario should be studied.
Proposal 3: The parameters of the satellites and UE described in TR 38.821 should be treated as the baseline in analyzing the precision of RAT dependent positioning methods in NTN scenarios.


	Lenovo
	Proposal 3: RAN1 to further study enhancements (if needed) to both PRS/SRS for positioning configuration design for NTN RAT-dependent positioning techniques.
Proposal 6: For an NTN, UE position is determined based on the propagation delay differences between satellite(s) and UE.
Proposal 7: For NTN, satellite positions for different time instances are useful to determine the propagation delay difference between satellite and UE
Proposal 10: Characteristics for single satellite and multiple time instances should be taken into account when designing schemes for the network to verify UE reported location.


	Apple
	Proposal 3: In NGSO scenario, RAN1 to treat different satellite locations of the same NGSO satellite at different time instances as different gNB locations in terrestrial network positioning methods. 
Proposal 4: For network verifying UE location in NGSO scenario, gNB reports satellite ephemeris information to LMF.
Proposal 5: In NGSO scenario with multi-RTT positioning method, consider that the distance between satellite and UE at the time of downlink transmission is different from the distance between satellite and UE at the time of uplink transmission. 


	NTT DOCOMO
	Proposal 4:
For time-based RAT dependent positioning methods in single satellite scenario,
· Multiple times of measurements are performed and reported with location information of the single satellite for each measurement.


	
	Proposal 6:
For time-based RAT-dependent positioning methods, study impact on the movement of satellite.
· E.g., when the UE location is derived by gNB/LMF from propagation delays, determine the applied location of the satellite (i.e., a reference location of satellite) in order to eliminate/reduce the inaccuracy due to satellite movement.



Initial proposal 3
Based on the above discussions, the following proposal is made:

Initial proposal 3: 
RAN1 to evaluate time based NTN RAT-dependent positioning methods to justify whether regulatory requirements (i.e. accuracy, privacy, reliability, latency) are satisfied:
· Verification accuracy of 5 to 10 km with both single and multiple satellites should be evaluated
· FFS: Whether enhancements on both positioning RS (i.e. PRS and SRS) are needed for NTN
· FFS: Whether time-related measurements can be performed via other downlink and uplink signals than PRS and SRS

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	ZTE
	Basically fine with the proposal. However, it’s worth noting that even if multiple-sat case is able to satisfy the verification accuracy, it does not mean the verification issue is resolved. As commented by several companies, the scenario where multiple satellites serve one UE cannot be guaranteed. Therefore, the single-sat scenario should be evaluated with higher priority.

	Xiaomi
	Not sure if multiple satellite scenario should also be evaluated.

	OPPO
	We are in general fine with the proposal, but would like to clarify which of the following two options is the correct understanding for the verification accuracy requirement:
Option 1: The UE location is considered verified if the difference between the network calculated UE location and the reported UE location is within 5 to 10 km.
Option 2: The UE location is considered verified if the difference between the network calculated UE location and the actual UE location is within 5 to 10 km.

	Vivo
	We’re fine with the proposal only for single satellite. Multiple satellites should be deprioritized and not mandatory.

	Ericsson
	Its too limiting to only focus on time based solutions. We agree to the proposal if “time based” is deleted from the proposal text. 

	MediaTek
	Is the intention of this proposal This proposal seems to re-open the discussion on regulatory requirements (i.e. accuracy, privacy, reliability, latency) agreed in recommendations in RP#96 in TS 38.888?

	NTT DOCOMO
	Fine with the proposal. 

	Lenovo
	We agree with Ericson that we should not limit study to only time based solutions. 

	LG
	Fine with the proposal. 

	Huawei, HiSilicon
	Agree with vivo, ZTE and Xiaomi that multiple-satellites does not need to be mentioned. Maybe we can make the following update for compromise:

Initial proposal 3: 
RAN1 to evaluate time based NTN RAT-dependent positioning methods to justify whether regulatory requirements (i.e. accuracy, privacy, reliability, latency) are satisfied:
· Verification accuracy of 5 to 10 km with both single and multiple satellites should be evaluated
· FFS: Whether enhancements on both positioning RS (i.e. PRS and SRS) are needed for NTN
· FFS: Whether time-related measurements can be performed via other downlink and uplink signals than PRS and SRS




Updated proposal 3
Based on the offline discussions, the following proposal is updated as follows:

Updated proposal 3: 
RAN1 to evaluate time based NTN RAT-dependent positioning methods to justify whether regulatory requirements (i.e. accuracy, privacy, reliability, latency) are satisfied:
· Verification accuracy of 5 to 10 km with both single and multiple satellites should be evaluated
· FFS: Whether enhancements on both positioning RS (i.e. PRS and SRS) are needed for NTN
· FFS: Whether time-related measurements can be performed via other downlink and uplink signals than PRS and SRS

This proposal was further discussed at the online session on 22nd of August. But no agreement could be made. Further, based on the discussions during the online session it seems that the majority share the view that this proposal is not essential. 
This issue can be closed for now.

[CLOSED] [High Priority] Issue#4	 Scenarios and system parameters for time based positioning method evaluation 
Background
Preliminary evaluation results of single-satellite based UE location verification was provided by some companies. One company provided also initial evaluation results for the multi-satellite case.
Under Issue#4, we discuss the methodology and define the scenarios and system parameters for time based positioning methods.
Companies’ contributions summary
On the scenarios and system parameters for time based positioning methods the following was proposed:
	Companies
	Proposals

	CATT
	Proposal 1: Considering the issues analyzed above, to realize the RAT-dependent positioning solutions in NTN, the following conditions should be treated as the base line.
· For frequency band and terminal types, the S band (or low band) and handheld terminal should be prior as the baseline.
· Considering the less overlapping coverage problem, the single LEO satellite with multi-time measurements should be one typical positioning scenario discussed firstly.
· In order to verify the precision of the RAT dependent positioning solutions in NTN scenarios, the simulations should be implemented according to the NTN parameters.
Proposal 2: In order to apply the RAT dependent positioning solutions in NTN single satellite scenario, the following aspects should be studied firstly.
· Which RAT dependent positioning solution can be adapted to the single satellite scenario should be analyzed carefully.
· How adaptive alterative could be done for the proper RAT dependent positioning solutions in single satellite scenario should be studied.
Proposal 3: The parameters of the satellites and UE described in TR 38.821 should be treated as the baseline in analyzing the precision of RAT dependent positioning methods in NTN scenarios.



Initial proposal 4-1
The following proposal is made to define the system parameters to be used for the evaluation of time based positioning methods study in NTN.

Initial Proposal 4-1: 
RAN1 to discuss system parameters to be used for the evaluation of  RAT dependent time based positioning methods study in NTN.

The following parameters are assumed as starting point:
	Parameter
	Description/Value

	Scenarios 
	RMa, Rural, LOS

	Satellite Orbit
	600km, 1200km

	Cell mode
	Earth moving cell, Earth Quasi-fixed cell

	Satellite parameters
	Reuse Set-1/2 satellite parameters as in table 6.1.1.1-1/2 of TR38.821 for LEO-1200/LEO-600 and S-band

	Channel model/ Delay spread
	Channel model as in Table 6.1.2-4 of TR38.821, assuming NTN-TDL-A (NLOS) and NTN-TDL-C (LOS)

	Carrier frequency
	2GHz, S-band 

	BW
	10MHz 

	Subcarrier spacing, kHz
	15 

	Number of satellite in view
	1 for single satellite case, [3] for multi-satellite case

	Orbit inclination
	To be reported by companies

	Earth rotation
	With/without Earth rotation

	UE type
	Handheld terminal

	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
	PRS, SRS

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL: Comb-2, UL: Comb-2

	RS type of sequence/number of ports
	DL: PRS, Gold, 1-port, UL: SRS, ZC, 1-port

	Number of symbols used per occasion
	DL: 1, UL: 12

	number of occasions used per positioning estimate
	4

	Measurement time 
	t0, t0+ δ, t0+ 2δ and t0+ 3δ,  δ = TBD

	Interference modelling (ideal muting, or other)
	Ideal muting

	Delay between symbol boundary and first path
	DL,UL: Uniform in [0,500]ns

	Reference Signal Transmission Bandwidth
	DL: 10 MHz, UL: 10 MHz

	Time based Positioning methods
	Single-satellite based Multi-RTT, Single-satellite based DL-TDOA, Multi-satellite based Multi-RTT, Multi-satellite based DL-TDOA

	Reference point for timing measurement
	Satellite

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	To be reported by companies

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	To be reported by companies

	Network timing synchronization assumptions
	Truncated Gaussian distribution with zero mean and standard deviation of T1 ns, with truncation of the distribution to the [-T2, T2] range, and with T2=2*T1
T1=TBD

	UE speed
	3km/h

	Performance metrics
	GDOP, PDOP, NDOP, HDOP

	
	Horizontal accuracy (UE 2D position accuracy)

	Additional notes, if any
	



Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	ZTE
	Fine with the proposal.

	Xiaomi
	We prefer to firstly set the evaluation scenario and then discuss the detailed assumption as some parameter may be scenario-dependent such as the cell mode.

	OPPO
	Fine with the proposal.

	vivo
	We assume system level simulation is needed and propose following updates:
1. LEO-600 is enough.
2. Earth moving cell is enough
3. Consider only LOS condition in channel model generation, antenna pattern should be based on section 6.4 of 38.811. System level evaluation is needed and the channel generation should be based on section 6.7.2 of 38.811.
4. Transmission bandwidth should be the maximum value, i.e. 20Mhz.
5. Number of satellites should be one as we commented on issue 2.
6. Time based Positioning method does not need to be associated to number of satellites, only single satellite should be prioritized in the evaluation.
7. It’s not necessary to study the vertical accuracy in this study in our view and the 2D (longitude and latitude) positioning should be enough to verify UE location.

	Ericsson
	We do not want to limit the work to “time-based” methods.
We think that the BW can be reported. RAN4 specs supports up to 20 MHz BW in the S-band. 
We think it is time to abandon the S- and L-band naming convention and instead use the agreed band numbers.
Positioning signals and configuration used can be reported.
We don’t understand the measurement time, interference modelling assumptions, Delay between symbol boundary and first path, and description of measurement algorithm.
We are not sure the need to report GDOP, PDOP, NDOP, HDOP.
To summarize, this table will require further discussion.

	MediaTek
	Generally fine with proposal. The evaluation scenarios and methods  should be discussed first.

	NTT DOCOMO
	Fine with the proposal 

	Lenovo
	We are in general fine with the proposal., however, as said before, we would not like to limit the study to only time-based solutions.

	LG
	Fine with the proposal. 

	Huawei, HiSilicon
	1. There is no need to restrict the measured reference signal. It can be reported by companies;
2. Horizontal accuracy (UE 2D position accuracy should be enough.




[CLOASED] Initial Proposal 4-2
Further, as NTN deployment support in FR2 is part of Rel-18 package and thereby VSAT user equipment is supported in Release 18, it is moderator recommendation to discuss whether the scope of the study on the Network verified UE location should include the scenario related to FR2 and VSAT UEs.

Initial Proposal 4-2: 
RAN1 to discuss whether the scenarios for evaluating baseline performance of time based positioning method in NTN include FR2 and VSAT UEs 

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	ZTE
	The VSAT UEs have higher capability than handheld UEs. Hence, if verification can be successfully supported for handheld UEs, it can also be supported for VSAT UEs. The evaluation on FR2 and VSAT UEs can be deprioritized in current phase.

	Xiaomi
	Open to discuss.

	OPPO
	In our view, evaluation for FR2 and VAST UEs can be deprioritized.

	vivo
	Considering limited TU we have, we prefer to focus on S band, single satellite based positioning for smart phones in this study.

	Ericsson
	This feels natural given the scope of Rel-18, but with 2nd priority.

	MediaTek
	VSAT can be de-prioritized. 

	NTT DOCOMO
	Consider the limited TU, evaluation on FR2 and VSAT UEs can be deprioritized.

	Lenovo
	We are fine with the proposal. Agree with ZTE and OPPO that FR2 and VSAT can be deprioritized.

	Huawei, HiSilicon
	It is reasonable to include FR2 and VSAT UEs as these kinds of UEs also need verification. However, considering the limited time, we are OK with ZTE’s suggestion to deprioritize it.



This proposal is merged within proposal 4-1

Updated proposal 4-1
This proposal is essential. It needs to be further discussion during the upcoming offline session. Based on the companies comments summarized in section 4.3, the Initial Proposal 4-1 is updated as follows. Companies are also encouraged to further comment on this proposal this will be useful to ease the discussions during the upcoming offline session.

Updated Proposal 4-1: 
RAN1 to discuss system parameters to be used for the evaluation of  RAT dependent time based positioning methods study in NTN.

The following parameters are assumed as starting point:
	Parameter
	Description/Value

	Scenarios 
	RMa, Rural, LOS

	Satellite Orbit
	600km, 1200km

	Cell mode
	Earth moving cell, Earth Quasi-fixed cell

	Satellite parameters
	Reuse Set-1/2 satellite parameters as in table 6.1.1.1-1/2 of TR38.821 for LEO-1200/LEO-600 and S-band

	Channel model/ Delay spread
	Channel model as in Table 6.1.2-4 of TR38.821, assuming  NTN-TDL-C (LOS)

	FR/Carrier frequency
	FR1: 2GHz, S-band (n256). FR2 (optional)

	BW
	To be reported by companies

	Subcarrier spacing, kHz
	15 

	Number of satellite in view
	1 for single satellite case, [3] for multi-satellite case

	Orbit inclination
	To be reported by companies

	Earth rotation
	With/without Earth rotation

	UE type
	Handheld terminal, VSAT (Optional)

	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
	PRS, SRS

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL: Comb-2, UL: Comb-2

	RS type of sequence/number of ports
	DL: PRS, Gold, 1-port, UL: SRS, ZC, 1-port

	Number of symbols used per occasion
	DL: 1, UL: 12

	number of occasions used per positioning estimate
	4

	Measurement time 
	t0, t0+ δ, t0+ 2δ and t0+ 3δ,  δ = TBD

	Interference modelling (ideal muting, or other)
	Ideal muting

	Delay between symbol boundary and first path
	DL,UL: Uniform in [0,500]ns

	Reference Signal Transmission Bandwidth
	DL: 10 MHz, UL: 10 MHz

	Time based Positioning methods
	Single-satellite based Multi-RTT, Single-satellite based DL-TDOA, Multi-satellite based Multi-RTT, Multi-satellite based DL-TDOA

	Reference point for timing measurement
	Satellite

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	To be reported by companies

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	To be reported by companies

	Network timing synchronization assumptions
	Truncated Gaussian distribution with zero mean and standard deviation of T1 ns, with truncation of the distribution to the [-T2, T2] range, and with T2=2*T1
T1=TBD

	UE speed
	3km/h

	Performance metrics
	GDOP, PDOP, NDOP, HDOP

	
	Horizontal accuracy (UE 2D position accuracy)

	Additional notes, if any
	




Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	Vivo
	We assume system level simulation is needed and propose following updates:
1. LEO-600 is enough, LEO-1200 could be optional.
2. Earth moving cell is enough. In this cell mode, the antenna direction of satellite does not change as satellite moves, i.e. the antenna directions will not be adjusted by the moving satellite, which would reduce complexity for channel model generation in positioning evaluation.
3. Consider only LOS condition in channel model generation, antenna pattern should be based on section 6.4 of 38.811. System level evaluation is needed and the channel generation should be based on section 6.7.2 of 38.811.
4. Multiple satellites should be de-prioritized, and “Multi-satellite based Multi-RTT, Multi-satellite based DL-TDOA” in row of “Time based Positioning methods” should also be removed similar to what we did in row of “Number of satellite in view”.
5.  Reference signal transmission bandwidth should be reported by companies instead of using 10MHz. 
6. Measurement time gap (δ) can be selected from the set of {	30s, 60s, 80s, 100s, 120s} in our view, considering the satellite height difference should be large enough to improve the positioning accuracy. 

	LG
	Agree with vivo that one LEO orbit seems sufficient, and companies can optionally evaluate the other orbit. Btw LEO-600 and LEO-1200, either is fine for us. 

	Lenovo
	As said before, we would not like to limit the evaluation to only time based methods. One suggestion could be to add a note indicating that other methods are not precluded. Other than that, we are fine with proposal.

	Huawei, HiSilicon
	1. 1. We think there is no need to restrict the used signal to be used for positioning. We prefer it to be reported by companies, considering companies may consider different RS used for measurement, e.g. using SSB etc. to reduce the resource overhead. So the following revisions are preferred.
	Positioning signals
	PRS, SRS

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL: Comb-2, UL: Comb-2

	RS type of sequence/number of ports
	DL: PRS, Gold, 1-port, UL: SRS, ZC, 1-port

	Number of symbols used per occasion
	DL: 1, UL: 12


2. 
3. 2. It seems the following row should be also removed to align with the main bullet and the discussions happened during Monday online session.
	Time based Positioning methods
	Single-satellite based Multi-RTT, Single-satellite based DL-TDOA, Multi-satellite based Multi-RTT, Multi-satellite based DL-TDOA




	Samsung
	4. There is no need to restrict the measurement time to set of 4 measurements.   The measurement time set can be reported by companies.
5. The reference signal BW can also be reported by companies.



Updated Proposal 4-1 on the scenarios and system parameters for RAT dependent positioning method evaluation was further discussed through the following email thread: [Post-110-R18- NTN] Email discussion on evaluation methodology for network-verified UE location until August 31 – Mohamed (Thales)

The following agreement was made:

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




[CLOSED] Issue#5 Performance metrics for time based positioning method evaluation
As stated in TR38.882, in order to define an appropriate network based solution to verify UE location, it is necessary to determine requirements for the verification accuracy. The following recommendation was made in TR 38.882: 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).
For evaluating performance of NR positioning technologies, traditionally horizontal accuracy and vertical accuracy are used.
Companies’ contributions summary
[Thales] observed that the dilution of precision (DOP) is an important aspect to be considered: 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 precision 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
· TDOP – time dilution of precision
· 
From Moderator’s perspective: The positioning performance can be also assessed from a geometric perspective. This is typically assessed with the Geometric Dilution of Precision (GDOP). Since we might be only interested in the horizontal positioning verification,  the Horizontal Dilution of Precision (HDOP) could be considered for the study.
Many companies proposed to use horizontal accuracy as performance metric for UE location verification. The following proposal is made by Nokia:
	Companies
	Proposals

	Nokia
	Proposal 2: The verified UE location refers to the 2D location.



Initial proposal 5
Based on the above discussion, the following proposal on performance metrics to be considered for the study is made:
Initial Proposal 5:

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
· 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%, 95%
· FFS: Vertical accuracy
· The positioning performance is also assessed from a geometric perspective by using the Geometric Dilution of Precision (GDOP):
· HDOP: Horizontal dilution of precision


Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	ZTE
	Fine with the proposal.

	OPPO
	Fine with the proposal.

	Vivo
	It’s not necessary to study the vertical accuracy in this study since the height of UE itself is normally just a couple of meters and the 2D (longitude and latitude) positioning should be enough to verify UE location. So, the FFS bullet can be deleted.
Regarding the percentiles of positioning error, 95% should be replaced by 90% since 90% is the common point for the performance analysis in R16/R17 positioning. The 95% point may include the corner UE which would affect the analysis of final positioning accuracy for majority UE.

	Ericsson
	We agree with Nokia that at least 2D location positioning accuracy should be reported, and the above proposal with regards to this aspect is agreeable to us.
We are not certain about the need for vertical positioning error and GDOP and prefer those to remain optional to be reported.

	MediaTek
	More discussions in RAN1 on use of GDOP and HDOP. It can be optional. Details on percentil can be further discussed.

	NTT DOCOMO
	Fine with the proposal.

	Lenovo
	Generally fine with the proposal. We are not sure whether one of horizontal accuracy and GDOP/HDOP will be selected, or both will be supported. We slightly prefer horizontal accuracy only.

	LG
	Fine with the proposal. 

	Huawei, HiSilicon
	We also think 2D location accuracy is sufficient. Therefore, we also prefer GDOP to be an optional report if companies are interested in it.



Issue#5 and related proposal was discussed at the online session on August 22nd . The following agreement was made:

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%


Issue #6 Method for RTT estimation in NTN
Companies’ contributions summary
 [Thales] observed that UE position uncertainty area size is 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.
[MediaTek] observed that The multiple RTT method based on measurements in NTN may require UE to report UE-specific TA and report UE time difference based on PRS or SSB measurements, and transmit SRS. The difference with TN is that an NTN UE must apply UE-specific TA before transmission of SRS. The gNB has no way of knowing the UE-specific TA applied by the UE unless the UE reports it via Rel-17 MAC CE UE TA report. [MediaTek] made proposal 1 below.
[Apple, Thales, NTT DOCOMO] proposed for time-based RAT-dependent positioning methods, to study impact on the movement of satellite. [Apple] proposed for multi-RTT positioning method, consider that the distance between satellite and UE at the time of downlink transmission is different from the distance between satellite and UE at the time of uplink transmission.
According to [Qualcomm] RTT measurement can be done in NTN by UE transmitting an UL reference signal followed by a report of the total TA applied to the reference signal. The network determines the RTT as the sum of the reported total TA and the timing error of the UL reference signal, i.e., RTT=Te+TA.
In Moderator’s view: the group needs to study the different source of error and uncertainty on the RTT calculation: As illustrated in Figure below, 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 reported to the gNB and the measured gNB Rx-Tx time difference measurements, of uplink signals transmitted from UE (i.e. UL-SRS) at multiple time instants.
[image: ]
Regarding the RTT measurement accuracy in NTN, the following proposals were made:
	Companies
	Proposals

	Thales
	Proposal 5: RAN1 shall discuss the achievable RTT measurement accuracy in NTN.

	MediaTek
	Proposal 1: Multi-RTT method with single satellite re-using Rel-17 UE-specific TA reports is the baseline for network-based UE location verification.

	Apple
	Proposal 5: In NGSO scenario with multi-RTT positioning method, consider that the distance between satellite and UE at the time of downlink transmission is different from the distance between satellite and UE at the time of uplink transmission.

	NTT DOCOMO
	Proposal 6:
For time-based RAT-dependent positioning methods, study impact on the movement of satellite.
-	E.g., when the UE location is derived by gNB/LMF from propagation delays, determine the applied location of the satellite (i.e., a reference location of satellite) in order to eliminate/reduce the inaccuracy due to satellite movement.



Initial Proposal 6-1
Based on the above discussion the following two proposals are made:
Initial Proposal 6-1:
RAN1 to discuss the method for RTT determination in NTN
Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	ZTE
	Support

	Xiaomi
	Fine

	OPPO
	Fine with the proposal.

	vivo
	DL-TDoA based method is preferred though we’re fine to discuss RTT based method as 2nd priority.

	Ericsson
	Before we discuss the method for performing RTT we want to understand how time critical the operation needs to be, i.e., if there is sufficient time to perform RTT for a single satellite.

	MediaTek
	RAN1 needs further discussion on  multi-RTT approach which is covered in Issue #6. We repeat comment here
Multi-RTT method can be based on two approaches:
· Option 1: with prediction - UE-specific TA reports
· Option 2: with measurements– UE-specific TA report, UE-time difference report, SRS

	NTT DOCOMO
	Fine with the proposal.

	Lenovo
	We feel that we need to first set the latency requirements as indicated in Proposal 9 and then only can come up with appropriate RTT methods.

	Huawei, HiSilicon
	Agree with the proposal.

	Apple
	Agree




[CLOSED] Initial Proposal 6-2
Initial Proposal 6-2:
RAN1 to determine maximum RTT error in NTN by considering the different source of uncertainty on the RTT calculation (e.g. timing synchronization error and study impact on the movement of satellite)

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	ZTE
	Fine with the proposal

	Xiaomi
	Fine

	OPPO
	Fine with the proposal.

	vivo
	DL-TDoA based method is preferred though we’re fine to discuss RTT based method as 2nd priority.

	Ericsson
	Why should the maximum error only be studied for the RTT based method?

	MediaTek
	Latency for multi-RTT method should be considered.

	NTT DOCOMO
	Fine with the proposal.

	Lenovo
	We are open to discuss the issue, however, as indicated above, we feel that we need to first set the latency requirements as indicated in Proposal 9.

	LG
	Fine with the proposal. 

	Huawei, HiSilicon
	Agree with the proposal.

	Apple
	Agree



This proposal is merged within proposal 6-1

Updated Proposal 6-1
Based on the above discussion, the proposal 6-1 is updated as follows:

Updated Proposal 6-1:
Down select one of the following methods for RTT determination:
Option1: The multi-RTT positioning method makes use of the UE Rx-Tx time difference measurements of downlink signals (i.e. PRS) received from the satellite, measured by the UE and reported to the gNB and the measured gNB Rx-Tx time difference measurements, of uplink signals transmitted from UE (i.e. UL-SRS).
Option 2: RTT measurement can be done in NTN by UE transmitting an UL reference signal followed by a report of the total TA applied to the reference signal. The network determines the RTT as the sum of the reported total TA and the timing error of the UL reference signal, i.e., RTT=Te+TA
Note: Impact of satellite movement on RTT calculation should be taken into account (i.e. the distance between satellite and UE at the time of downlink transmission is different from the distance between satellite and UE at the time of uplink transmission).

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	vivo
	The methods for RTT determination could be reported by companies. 

	LG
	It seems Option1 is based on the TN multi-RTT method. So, it can be a baseline. It should be firstly studied whether NTN-specific method is needed or not.

	Huawei, HiSilicon
	1. For option1, we are generally fine and we would like to not restrict the used downlink reference signal and uplink signal. So, we prefer to remove “i.e. PRS” and “i.e. UL-SRS”;
2. Regarding the note, we prefer to remove it considering companies can provide analysis anyway. And if we ould like to capture the aspects that would impact the performance, other aspects may be also considered e.g. the synchronization error between UE and gNB etc.


	Samsung
	We prefer keep both options, as it is a bit premature to down select between these two methods. 
In terms of the details of each method, we think details of the methods can be further discussed.      

	ZTE
	We think it’s too early for down selection. The measurement accuracy of these two options are not clear now. It is not suitable to directly down select between these options before any observation of their performance.



Based on offline discussions, several companies prefer to not down-select for now any of the possible options for RTT determination. The issue will be further discussed at the upcoming RAN1 meeting.

The FL recommendation is as follows:

FL Recommendation:

Companies are encouraged to provide/report inputs on the method used for RTT determination, these may include:
· Option1: The multi-RTT positioning method makes use of the UE Rx-Tx time difference measurements of downlink signals (i.e. PRS) received from the satellite, measured by the UE and reported to the gNB and the measured gNB Rx-Tx time difference measurements, of uplink signals transmitted from UE (i.e. UL-SRS).
· Option 2: RTT measurement can be done in NTN by UE transmitting an UL reference signal followed by a report of the total TA applied to the reference signal. The network determines the RTT as the sum of the reported total TA and the timing error of the UL reference signal, i.e., RTT=Te+TA
Note:
· For option 1, impact of satellite movement on RTT calculation should be taken into account (i.e. the distance between satellite and UE at the time of downlink transmission is different from the distance between satellite and UE at the time of uplink transmission).
· Option 2 maybe depended on issue#11, indeed as stated in the TR 38.882, 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). However, it is not clear yet whether the UE location verification could use UE reported information to the network (e.g. UE Specific TA etc..) which is derived from the UE based GNSS measurements. Therefore, Option 1 is preferable.
Issue #7 Timing measurement error
Companies’ contributions summary
For positioning performance evaluation [ZTE] considered max RTT measurement error as: Truncated Gaussian distribution with zero mean and standard deviation of T1 ns, with truncation of the distribution to the [-T2, T2] range, and with T2=2*T1 with T1=[10 ns, 30ns, 50 ns, 100 ns].
[Qualcomm] performed simulation to determine timing measurement error for DL(PRS) and UL (SRS). And considered a max RTT timing measurement error of 50 ns.
Regarding the timing measurement accuracy in NTN, the following proposals is made:
Initial Proposal 7
Based on the above, the following proposal is made:

Initial Proposal 7: 
The timing error to be considered for the UE location verification study is characterized with truncated Gaussian distribution with zero mean and standard deviation of T1 ns, with truncation of the distribution to the [-T2, T2] range, and with T2=2*T1 with T1=[10 ns, 30ns, 50 ns, 100 ns].

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	ZTE
	The candidate T1s listed in our contribution are mainly used to evaluate the impact of RTT measurement error on positioning error. The actual T1 may need to be further evaluated based on parameters agreed in issue#5.

	vivo
	Looks fine. 
0-50ns is normally assumed as allowed timing error in TDoA based positioning in TN.

	Ericsson
	The timing error should be SNR dependent and we expect it to be captured in the simulations that will be performed.

	MediaTek
	We are generally supportive of proposals. RAN1 can discuss the details

	Huawei, HiSilicon
	Not agree. The max RTT timing measurement error to meet the requirement should be studied 



Updated Proposal 7
Based on the above, the following proposal needs to be further discussed during the offline session.:

Updated Proposal 7: 
RAN1 to further study/evaluate the timing synchronization error in NTN

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	vivo
	Fine. 

	LG
	Support

	Lenovo
	Support

	Huawei, HiSilicon
	We are fine with the proposal.

	Samsung
	Support

	ZTE
	Support



Issue#7 was further discussed through the following email thread: [Post-110-R18- NTN] Email discussion on evaluation methodology for network-verified UE location until August 31. It was revised to rev1 below but it was not agreed. From Moderator’s perspective, the evaluation of timing measurement error is needed to determine RTT/ XL-TDOA measurement errors. Thereby, the proposal 7 is needed and seems acceptable to the large majority.  As WF Updated Proposal 4-1 was modified by adding a row for the maximum timing measurement error to be reported by companies.
Updated Proposal 7-rev1: 
For timing based methods, RAN1 to evaluate the timing measurement error in NTN

Based on the above, the FL recommendation is as follow:

FL recommendation:

Companies are encouraged to evaluate the timing measurement error in NTN and provide inputs to RAN1#110-bis.


[bookmark: _Toc102489800]Issue #8	Study of other potential solutions for UE location verification in NTN
Background
As per TR 38.882 recommendation, when considering solutions based on positioning methods, existing 3GPP defined RAT dependent positioning methods shall be considered as baseline. Other methods are not precluded.
Companies’ contributions summary
The UE-specific TA report, was already supported in Rel-17 NTN. As specified in TS38.321, the TA reporting procedure is used in a non-terrestrial network to provide the gNB with an estimate of the UE's Timing Advance value. RRC controls Timing Advance reporting by configuring the following parameters: ta-Report, offsetThresholdTA, and timingAdvanceSR.
Many companies [ZTE, Thales, MediaTek, NTT Docomo] proposed to study/investigate a positioning method based on  TA reporting with higher granularity. This could be alternative to RTT based method or a part of hybrid method. 
According to [Vivo] the positioning method based on angle may achieve a low accuracy since minor angle measurement error will introduce a huge positioning error on the ground. Hence, the methods that depend on angle, e.g., AOA or AOD method,  should be avoided. 

However, [Ericsson, Lenovo] observed that the methods based on the AoA or AoD at the satellite (UL-AoA and DL-AoD) are attractive as they can potentially locate the UE using only one satellite. [Ericsson] provided some preliminary analysis on the achievable accuracy with these methods and made the Proposal 1 below.

Further, [Thales] proposed to investigate hybrid method e.g. UE Location verification based on RTT calculation (one RTT measurement)  and radial velocity reported by the UE.


In this regards, the following proposals were made by some companies  :
	Companies
	Proposals

	Thales
	Proposal 6: 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 7: 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


	ZTE
	Proposal 2: TA report based location verification method can be investigated as alternative to legacy multi-RTT positioning method.
Proposal 3: TA report with higher granularity can be investigated to improve the location verification performance.

	MediaTek Inc.
	Proposal 3: RAN1 to prioritize discussions on potential enhancements of UE-specific TA report for multiple RTT method with single satellite.

	Lenovo
	Proposal 9: RAN1 to further study DL/UL angle-based and NR-ECID positioning techniques and associated adaptations for NTN to verify the UE reported location.


	NTT DOCOMO
	Proposal 2: 
Support report of information in addition to UE specific TA for the verification of UE location.
· The additional information can be propagation delay/distance between UE and a reference point.
· The choice of the reference point can be discussed, e.g. satellite, the reference location of serving cell which indicated in NTN-SIB, etc.


	Ericsson
	Proposal 1	RAN1 to discuss the achievable accuracy with the angle of arrival method, and with the E-CID method based on measurements on the same satellite as well as hybrid combinations.



Initial proposal 8
Based on the above, the following proposal is made:

Initial Proposal 8:
RAN1 to investigate hybrid methods for UE location verification in NTN including:
· UE reported measurements: 
· UE specific Timing Advance with higher granularity
· Doppler on the service link or radial velocity
· 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

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	ZTE
	Fine with the proposal. 

	Xiaomi
	Further clarification is needed. Not clear to us what is a hybrid method.

	OPPO
	For RTT calculation, both downlink signals and uplink signals should be involved for time difference measurements. We propose the following updates:
· RTT calculation:
· UE Rx-Tx time difference measurements of between downlink signals reception and uplink signals transmission
· gNB Rx-Tx time difference measurements, of between uplink signals transmitted from UE reception and downlink signals transmission


	vivo
	Other solutions should be deprioritized. DL-TDoA method can be prioritized in order to not require additional higher granularity TA report.

	Ericsson
	Proposal 1 says that other methods are not precluded. So this proposal seems redundant and not necessary? 

	MediaTek
	We can support sub-bullets for UE specific Timing Advance with higher granularity and RSRP/RSRQ measurements. For bullet point with Doppler report more discussion needed. VSAT UE can be de-prioritized.

	NTT DOCOMO
	Further clarification is needed, e.g., the feasibility of the measurements.

	Lenovo
	We think the proposal in proposal 1 should be treated with higher priority. After that, we may consider some solutions in proposal 8.
We also would like some clarification on RTT calculation here. Is it same as multi-RTT in proposal 1or it is a different solution? And gNB measurements here is only UL angle based solution?
Moreover, some methods are directly linked with Proposal 11. These methods may be omitted from the proposal until some clarification with regards to Proposal 11 is achieved.


	Huawei, HiSilicon
	Not sure the intention of the proposal, and how to understand the hybrid solution.

	Apple
	The discussion of hybrid method should be in lower priority.



Updated proposal 8
Due to lack of time Initial proposal 8 was not discussed during the offline/online sessions at RAN1#110 meeting. The feasibility of  time based positioning methods (i.e. Multi-RTT and XL-TDOA) in case of single satellite is still under investigation. It is Moderator recommendation to investigate other potential techniques such as Angle of Arrival or hybrid methods e.g. UE Location verification based on RTT calculation (one RTT measurement) and radial velocity reported by the UE as illustrated in the figure below:

[image: ]

FL Recommendation:

RAN1 to investigate hybrid methods for UE location verification in NTN including:
· UE reported measurements: 
· UE specific Timing Advance with higher granularity
· Doppler on the service link or radial velocity
· 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


[bookmark: _Toc102489763]Issue#9	 Delay/duration of UE location verification
Background
The following was recommended in TR 38.882: The solution should not impact significantly the latency of the targeted services nor infringe privacy requirements that apply to the UE location. Further, the required latency for different  regulated services are captured in the appendixes in TR 38.882 and recopied hereafter:

	A.1	Emergency calls
Latency
The delay to determine the UE location should be minimised to ensure timely assistance or rescue,
While a typical call set-up is less than a second, the delay for UE location determination should not impact significantly this communication set-up time.
A.2	Lawful intercept (LI):
Latency
No regulatory requirement have been identified for this. Despite this, NTN location determination should not significantly impact the LI service as provided by an TN network.
A.2	Lawful intercept (LI):
Latency
No regulatory requirement have been identified for this. Despite this, NTN location determination should not significantly impact the LI service as provided by an TN network.
A.3	Public warning Service (PWS):
Latency
No regulatory requirement have been identified for this. Despite this, NTN location determination should not impact significantly the PWS service as provided by an TN network.
A.4	Charging and Tariff notifications:
Latency
No regulatory requirement have been identified for this. Despite this, NTN location determination should not significantly impact the charging/tariff service as provided by an TN network.



Companies’ contributions summary
The following was proposed in the Tdocs submitted to RAN1#110:

	Companies
	Proposals

	THALES
	Proposal 2: RAN1 to send LS to RAN2/SA1 requesting inputs on the acceptable duration of  UE location verification procedure.

	Huawei
	Observation 3: The delay of UE location verification may not impact the delay of the regulatory services, e.g., emergency call, lawful intercept, public warning, charging/billing, considering the UE location verification could be performed when the UE initially attaches to the core network and/or performed periodically by the core network.

	ZTE
	Proposal 5: UE can be assigned with reliability flag based on verification result to reduce the frequency of location verification. 
Proposal 6: Network will reject access from UE assigned with unreliable flag and accept access from UE assigned with reliable flag without location verification.

	MediaTek Inc.
	Proposal 2: RAN1 to discuss latency of network-based UE location verification requirement for early verification of location of UE moving to connected.

	Nokia, Nokia Shanghai Bell
	Proposal 3: The extra latency introduced by the UE position verification should be kept as short as possible and preferably be below 1 s.



Initial proposal 9
Based on the above, the following Proposal is made:

Initial Proposal 9:

RAN1 to discuss the acceptable maximum latency to carry out the UE location verification procedure

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	ZTE
	Not support. The discussion on latency requirement is beyond the scope of RAN1. In our view, RAN1 should evaluate the latency of candidate solutions based on the agreed accuracy requirement (5-10km) and investigate the methods to reduce the latency.

	Xiaomi
	We are fine to discuss the latency requirement. Not sure if this should be done in RAN1 WG. 

	OPPO
	We share similar views that this discussion is out of RAN1 scope.

	vivo
	This discussion can be deprioritized as it may be not a problem as Huawei indicated, i.e. UE does not have to do the positioning verification frequently.
In the evaluation, single satellite should be assumed, and 4 times measurement can be assumed as a starting point, and 30s, 60s, 80s, 100s, 120s measurement gap between 2 instances can be tested to see which value is enough to achieve 5 to 10km 2D positioning accuracy.

	Ericsson
	Similar to Huawei we think/hope this can be an infrequent procedure that is tolerant to higher latency.

	MediaTek
	The latency should be in the order of a few seconds with network-based UE location starting as soon as NAS security has been established when UE moves to RRC_CONNECTED. This seems a topic for higher layers that should be handled in RAN2 discussions.

	NTT DOCOMO
	Not sure if this should be discussed in RAN1.

	Lenovo
	We share similar view with Huawei. We are open to discuss the acceptable latency requirements only for RAT-dependent methods for single and multiple satellite scenarios.

	Huawei, HiSilicon
	In our view, the delay of UE location verification may not impact the delay of the regulatory services, e.g., emergency call, lawful intercept, public warning, charging/billing, considering the UE location verification could be performed when the UE initially attaches to the core network and/or performed periodically by the core network.

	Apple
	We think this topic could be in RAN plenary or SA discussion. The latency requirements are based on regulatory requirements. 




Updated proposal 9
Based on the above, the Proposal is updated as follows:
Updated Proposal 9:
RAN1 to send LS to RAN2/SA1 requesting inputs on the acceptable maximum latency to carry out the UE location verification procedure.

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	vivo
	Not support. The LS is not necessary. We do not think latency would be an issue as commented in the last round. 

	Lenovo
	We are fine to send a LS. However, we would like to modify the statement as
RAN1 to send LS to RAN2/SA1 requesting inputs on the acceptable maximum latency for RAT dependent positioning methods to carry out the UE location verification procedure.
This is to keep in line with the objective of the study defined in TR 38.882 that clearly states that RAT dependent methods are considered as baseline.

	Huawei, HiSilicon
	Not sure how RAN2/SA1 would reply RAN1. RAN1 should give some understanding from RAN1 perspective, and then consider to ask for RAN2/SA1confirmation.

	ZTE
	Fine with the proposal



Regarding issue#9, no agreement could be made at RAN1#110. We will come back on this issue in the upcoming RAN1 meeting: Discuss the acceptable maximum latency to carry out the UE location verification procedure. And Whether sending a LS to RAN2/SA1 is needed.
[CLOSED] Issue#10	Positioning methods for GSO and HAPS
[bookmark: _Toc102489764]Background
As per the recommendations in the TR 38 882 [2] different solutions or positioning methods for NGSO, GSO or HAPS are not precluded
Companies’ contributions summary
	Companies
	Proposals

	Lenovo
	Proposal 8: Further study application of Multi-RTT based solution to different scenarios including GEO, LEO, HAPS.


Initial proposal 10
The following proposal is made:

Initial Proposal 10:

Different solutions for UE location verification may need to be investigated for NGSO, GSO or HAPS

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	ZTE
	We agree with the intention of this proposal. However, it has already been covered by the TR 38.882. Hence, this proposal is not necessary.

	OPPO
	This proposal seems not needed.

	vivo
	This should be deprioritized in our view in this study.

	Ericsson
	Agree

	MediaTek
	RAN1 should first discuss a solution that works for all scenarios possibly with some compromise on the accuracy at this stage.

	NTT DOCOMO
	This proposal may not be needed.

	Lenovo
	support

	LG
	Fine with the proposal. 

	Huawei, HiSilicon
	Maybe this should be just an observation.

	Apple
	Fine with the proposal. 



Updated proposal 10
The following conclusion is made based on the comments above:

Conclusion:
Different solutions for UE location verification may need to be investigated for NGSO, GSO or HAPS

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	vivo
	This conclusion seems unnecessary since companies are allowed to investigate different solutions under different scenarios without this conclusion. In our view, GSO and HAPS should be de-prioritized.  

	LG
	Agree with vivo.

	Lenovo
	We agree with the conclusion. As indicated in objectives of TR 38.882 “different solutions or positioning methods for NGSO, GSO or HAPS are not precluded”. So, we would not like to limit the study only to NGSO.

	Samsung
	According to TR 38.882 different solutions or positioning methods for NGSO, GSO or HAPS are not precluded. 
So this conclusion will have no additional value and hence is not necessary.  

	ZTE
	We don’t think this conclusion is necessary since it has been covered by TR recommendation. But we can follow the majority if this conclusion is thought needed.



Based on above discussion, all companies share the view that different solutions for UE location verification may need to be investigated for NGSO, GSO or HAPS as stated in TR 38.882. This conclusion seems not necessary.
Issue#11 Whether UE reported information derived from GNSS is trusted
Background
In the TR 38.882 it was observed that 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).
TR 38.882 : The verification should be performed independently from the location information reported by UE.
Companies’ contributions summary
[NTT DOCOMO]  observed that although UE reported GNSS-based location may not be reliable, at least some of the information reported by UE will be considered as trusted. Thus, the UE-specific TA report supported in Rel-17, which is a kind of location information, could be considered as baseline.
[Nokia] proposed that the verification method should be performed independently from the location information, reported by the UE and referred to as coarseLocationInfo.
[Thales] proposed for RAN1 to discuss whether a potential positioning method used for UE location verification can use reported TA or Doppler which are calculated by the UE based on its GNSS.

	Companies
	Proposals

	Thales
	Proposal 8: RAN1 to discuss whether a potential positioning method used for UE location verification can use reported TA or Doppler which are calculated by the UE based on its GNSS.

	Nokia, Nokia Shanghai Bell
	Proposal 1: The verification method should be performed independently from the location information, reported by the UE and referred to as coarseLocationInfo.

	NTT DOCOMO
	Proposal 5:
For time-based RAT dependent positioning methods applied to NTN, study what additional information should be reported by UE to let LMF obtain the required results for positioning.



Initial proposal 11
Based on the TR 38.882 recommendations, it is clear that the UE location verification should be performed independently from the location information reported by UE. But, it is not clear whether it can be performed based on information which is derived/calculated by the UE based on its GNSS.
In this regards, the following Proposal is made:

Initial Proposal 11:

RAN1 to discuss whether the UE location verification could be performed based only on information the UE supplies to the network which is derived by the UE based on its GNSS (e.g. UE Specific TA, Doppler shift, Radial satellite velocity etc..)

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	ZTE
	Support. We think the reported TA is also a type of RRC measurement result, which is used in synchronization and timing adjustment. Hence, it can be considered trustable similarly as the reports in other RAT-dependent methods, e.g., multi-RTT and DL-TDOA.

	OPPO
	We are open to discuss this issue, and our view is that the UE location verification should be performed independently from the UE’s GNSS.

	vivo
	Fine.

	Ericsson
	This is an interesting topic but we prefer that RAN1 base our work on the recommendations in TR38.882 which in our view indicates that a RAT based positioning method is secure to perform after the UE is attached to the NW. If RAN1 needs further assistance on understanding what is secure or not, we may send an LS to SA3. 

	MediaTek
	We can support network-based UE location based on UE-specific report. For Doppler shift, radial state velocity more discussions needed in RAN1.

	NTT DOCOMO
	We are fine with this proposal. Send LS to SA may also be helpful.  

	Lenovo
	We are open to discuss. We also have some concern that whether verification based on reporting derived from GNSS is reliable or not. We prefer that RAT dependent solutions should be discussed first. 

	Intel
	We have similar view as Lenovo. We prefer to discuss RAT-based solutions. 

	LG
	Fine with the proposal. 

	Huawei, HiSilicon
	We are open to discuss, and it is helpful if we can align the views here.



Updated proposal 11
Based on the discussion in the section above, the following Proposal is made:

Updated Proposal 11:

RAN1 to send LS to SA3 asking whether the UE location verification could be performed based only on information the UE supplies to the network which is derived by the UE based on its GNSS (e.g. UE Specific TA, Doppler shift, Radial satellite velocity etc..).

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	vivo
	Before discussion whether an LS to SA3 is needed, we should discuss whether both RAT based positioning and TA-based positioning should be equally prioritized. In our view, RAT-based positioning should be prioritized. 

	Lenovo
	We agree with vivo that RAT-dependent methods should be prioritized.  Secondly, we think that if GNSS position can be faked and is not reliable than how can we trust the information that is derived from GNSS. This may be in direct contradiction to what is the objective of the study.

	Intel
	Same view as vivo and Lenovo. RAT-based positioning should be prioritized

	ZTE
	Basically fine with the proposal. It is worth noting that the derived information, e.g., UE specific TA, is used in synchronization in NTN system. With inaccurate UE specific TA, the whole NTN system may breakdown since UE may fail to access the network. Therefore, UE specific TA is also RAT-dependent information and we cannot regard it as purely GNSS determined information.



During RAN1#110 there was no enough time to duly discuss Issue#11.

Moderator recalls that, as stated in the TR 38.882, 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 see S3i200056.
From Moderator’s perspective, information reported by the UE such as UE specific TA which is in essence computed by the UE using its GNSS-acquired position and the serving satellite ephemeris might be also untrusted. Therefore, more discussion is needed. And possibly an LS to SA3 in this regards might be also necessary.

FL Recommendation: 

RAN1 to further discuss whether the UE location verification could be performed based on information the UE supplies to the network which is derived by the UE based on its GNSS (e.g. UE Specific TA, Doppler shift, Radial satellite velocity etc..)


Issue#12	 UE Location verification during Initial access
Background
As stated in the TR 38 882, clause 4.4 [2] most UE positioning functionality is typically UE-associated, i.e., it assumes that a UE context is present for the UE being positioned. This means that the UE itself has already completed the initial access procedures. Further, it is assumed that UE can only report GNSS location report after NAS security is established based on SA3 guidance. It is therefore assumed that UE is in RRC connected state in the procedure of network verifying UE’s reported location information.
Companies’ contributions summary
The two proposals below were submitted to RAN1#110. 
From moderator’s perspective, it might be necessary for the NG RAN to have information about verified UE location during call setup and before transmitting the NGAP Initial UE message. This is needed e.g. for AMF selection. Therefore, UE Location verification during Initial access might be discussed otherwise, it would be necessary to handle the initial access from the UE, without the availability of the location verification. And consider a delayed action once the verification verdict is available to the network.

	Companies
	Proposals

	Thales
	Proposal 4: Handle the initial access from the UE, without the availability of the location verification. And consider a delayed action once the verification verdict is available to the network.

	Ericsson
	Proposal 2	The UE can be provided an idle mode measurement configuration for network location verification, where the measurements are delivered to the network after security has been enabled.



Initial proposal 12
Based the above discussion, the following proposal is made:

Initial Proposal 12:

RAN1 to discuss whether a positioning method could be identified for UE Location verification during Initial access.

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	ZTE
	We think the “initial access” should first be clarified before agreeing the proposal. If a UE access to the network for the first time, there will be no configuration or information at BS. As a result, location verification cannot be performed before accessing to the network. While if the “initial access” refers to the RACH of a UE which used to access the network, the stored information or previous configuration may be helpful for the location verification in the initial access. Moreover, location verification may cost long time, which is not preferred especially in initial access. Utilizing the stored information or previous configuration to reduce the latency should also be taken into consideration.

	OPPO
	We are open to discuss this issue. In our view, UE location verification should be performed in RRC connected state. It seems difficult to verify UE location during initial access phase considering the potential long latency required for the verification procedure. 

	vivo
	UE location verification in RRC connected state should be assumed.
Following assumption is already agreed and specified in the TR:
· 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.

	Ericsson
	Yes, that is ok.

	MediaTek
	This seems related to latency discussions in Issue 9. We repeat our comment.  The latency should be in the order of a few seconds with network-based UE location starting as soon as NAS security has been established when UE moves to RRC_CONNECTED. This seems a topic for higher layers that should be handled in RAN2 discussions.

	NTT DOCOMO
	OK to discuss, other verification approaches other than positioning methods may be considered during initial access. 

	Lenovo
	We are open to discuss. We think the verification should be performed for RRC connected state when AS is established.

	LG
	We are open to discuss this issue. 

	Huawei, HiSilicon
	It is not clear for us how it would impact the design in RAN1 discussion for this proposal.
Some clarification is preferred.



Updated proposal 12
During RAN1#110 there was no enough time to duly discuss Issue#12.

From moderator’s perspective, it might be necessary for the NG RAN to have information about verified UE location during call setup and before transmitting the NGAP Initial UE message containing User Location Information (ULI). This is needed e.g. for AMF selection. Therefore, UE Location verification during Initial access might be discussed otherwise, it would be necessary to handle the initial access from the UE, without the availability of the location verification. And consider a delayed action once the verification verdict is available to the network.

FL Recommendation:

RAN1 to discuss whether a positioning method could be identified for UE Location determination during Initial access.

Conclusion
The following RAN1 agreements on Network verified UE location for NR NTN were made at RAN1 Meeting #110:

Agreement
The following 3GPP defined RAT dependent positioning methods shall be considered as starting point for the study on Network verified UE location in case of NGSO based NTN deployment:
· Multi-RTT
· DL/UL-TDOA
Note-1: Other methods (e.g. AoA based) are not precluded
Note-2: RAT independent positioning methods are not under the scope of the study

Agreement
For evaluating positioning performance in NTN, the following metrics apply.
· Horizontal accuracy:
· Horizontal accuracy is the difference between a calculated horizontal position by the network and the actual horizontal position of a UE (for evaluation purposes)
· At least CDFs of horizontal positioning errors are used as a performance metrics in NR positioning evaluations
· At least the following percentiles of positioning error is analyzed 50%, 67%, 80%, 90%, 95%

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




[bookmark: _Toc102489803]Appendix: Summary of proposals
	TDoc
	Source
	Proposals

	R1-2205827
	THALES
	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: 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 send LS to RAN2/SA1 requesting inputs on the acceptable duration of  UE location verification procedure.
Proposal 3: RAN1 to discuss whether the UE location determination/verification could involve only a single cell or multiple cells as well within the same gNB.
Proposal 4: Handle the initial access from the UE, without the availability of the location verification. And consider a delayed action once the verification verdict is available to the network.
Proposal 5: RAN1 shall discuss the achievable RTT measurement accuracy in NTN.
Proposal 6: 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 7: 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

Proposal 8: RAN1 to discuss whether a potential positioning method used for UE location verification can use reported TA or Doppler which are calculated by the UE based on its GNSS.


	R1-2205859
	Huawei, HiSilicon
	Observation 1: RAT-dependent positioning methods with NTN specific constraints taken into account should be considered with higher priority in the verification of UE reported location.
Observation 2: Under the accuracy requirement of 5-10 km, verification of UE reported location does not need to report many measurement quantities with very high accuracy as that in terrestrial network.
Observation 3: The delay of UE location verification may not impact the delay of the regulatory services, e.g., emergency call, lawful intercept, public warning, charging/billing, considering the UE location verification could be performed when the UE initially attaches to the core network and/or performed periodically by the core network.
Observation 4: Verification of UE reported location based on multiple satellites is challenging considering the following limitations:
· the number of available satellites for a given NTN UE is limited and cannot be guaranteed in NTN scenario;
· and the timing and UL synchronization among multiple satellites cannot be assumed by existing NTN speciation;
· extra inter-frequency measurements may be needed to support multi-satellite based location verification.
Observation 5: Cell ID information is not sufficient for verification of UE reported location with 5~10km accuracy due to the large cell coverage of satellites. 
Observation 6:  Due to the change of channel, methods based on measurements that reflect signal level and quality, e.g., RSRP and RSRQ, are not applicable to verify UE reported geographical location. 
Observation 7: Since reflector antenna is common assumption for satellites in 3GPP NTN, angle-based positioning methods are not appropriate for discussion at this moment. 
Observation 8: UL-TDOA-dependent positioning methods are not suitable in verification of UE reported location due to the open loop TA pre-compensation which can’t be known by the network through UL detection.
Observation 9: RTT-based and DL-TDOA based solutions can better fit the NTN constraints and they are applicable for single-satellite scenario.
Observation 10: The performance of single-satellite based UE location verification is largely impacted by the time interval of measurements.
Observation 11: For single satellite based RTT-based approach and DL-TDOA solution, the accuracy of 5~10km UE location verification can be achieved with much larger error of measurements compared to that in TN positioning.
Proposal 1: Further study RTT-based positioning and DL-TDOA positioning methods for verification of the UE reported location. 
Proposal 2: To reduce the overhead, time-related measurements can be performed via the other downlink and uplink signals than PRS and SRS, considering the relaxed requirement of measurement accuracy for network verification of UE reported location.
Proposal 3: Further evaluate the achievable measurement accuracy based on PSS, SSS, and SRS to confirm they are applicable for the UE location verification.

	R1-2206021
	ZTE
	Observation 1: Single satellite based verification solution should be considered in Rel-18 since multiple available satellite cannot be guaranteed at the same time. 
Observation 2: The performance of single-satellite based RAT-dependent positioning method is not as good as in legacy TN scenario.
Observation 3: TA report supported in Rel-17 NTN can be used for RTT estimation
Observation 4: The single-satellite based multi-RTT method can meet the accuracy requirement with 97% probability when RTT measurement error is 30ns and measurement period is 90s for LEO-600.
Observation 5: The required time for one verification is long and the multiple verifications are not expected.
Proposal 1: The performance of single-satellite based RAT-dependent positioning method should be evaluated to see whether regulatory requirements are satisfied. 
Proposal 2: TA report based location verification method can be investigated as alternative to legacy multi-RTT positioning method.
Proposal 3: TA report with higher granularity can be investigated to improve the location verification performance.
Proposal 4: Single-satellite based multi-RTT positioning method can be used for UE location verification, where the RTTs are measured based on same satellite at different time instance. 
Proposal 5: UE can be assigned with reliability flag based on verification result to reduce the frequency of location verification. 
Proposal 6: Network will reject access from UE assigned with unreliable flag and accept access from UE assigned with reliable flag without location verification.

	R1-2206064
	vivo
	Proposal 1: 
· For studying RAT dependent positioning in NTN, only single satellite based positioning is assumed. 
Proposal 2: 
· RAN1 should prioritize the discussions on the assumptions for moving satellite channel generation to evaluate the accuracy of the RAT dependent positioning in NTN, and assumptions provided in Table 1 can be starting point.
Proposal 3: 
· Existing positioning method for TN can be selected for NTN positioning study.
· RAN1 should discuss and decide which TN positioning method should be used for NTN positioning study, TDOA based method in downlink can be a starting point. 

	R1-2206134
	Sony
	Observation 1: Many 3GPP defined RAT-dependent positioning methods require simultaneous coverage of the UE from more than one cell.

Proposal 1: RAN1 should specify adaptations to existing 3GPP defined RAT-dependent positioning methods needing simultaneous coverage from more than one cell so they can function in only single NTN cell coverage.

Observation 2: A malicious UE intent on reporting a fake location can also report fake location verification measurements commensurate with its fake location.

Proposal 2: RAN1 shall define network location verification methods that are immune to spoofing by malicious UEs intent on reporting a fake location.


	R1-2206138
	MediaTek Inc.
	Observation 1: Use of Angle of Arrival measurements for satellite with 1 RX.
Observation 2: UTDOA requires UE to  apply UE-specific TA for SRS transmission and UE-specific TA report to allow gNB to measure ToA. 
Observation 3: The multiple-RTT method with a single satellite using prediction of the satellite position by the UE is the simplest method as it uses prediction and does not use DL or UL measurements. 
Observation 4:The Multiple RTT method with UE-specific report can use RSRP measurement reports of serving cell and neighbouring cells to pinpoint where the UE could be on a contour on the earth surface defined by the UE-specific TA report to reduce the surface area where the hyperboles defined by each UE-specific TA report at different times may intersect. 
Observation 5: It is unlikely that the UE-specific TA reports can be faked in a way consistent with a faked UE GNSS report, a valid a contour on the earth surface defined by the UE-specific TA report,  valid RSRP measurements in serving cell and neighbouring cells, and a valid satellite trajectory over a short verification period.  
Observation 6: The multiple-RTT method with UE-time difference report and SRS will require UE-specific TA to be applied for SRS transmission and UE-specific TA report.
Proposal 1: Multi-RTT method with single satellite re-using Rel-17 UE-specific TA reports is the baseline for network-based UE location verification.
Proposal 2: RAN1 to discuss latency of network-based UE location verification requirement for early verification of location of UE moving to connected.
Proposal 3: RAN1 to prioritize discussions on potential enhancements of UE-specific TA report for multiple RTT method with single satellite.


	R1-2206311
	OPPO
	Proposal 5 Satellite at a given time is considered as a TRP. 
Proposal 6 A moving satellite at multiple time instance is modeled as multiple TRPs.
Proposal 7 TRP’s location is obtained through satellite’s ephemeris information.
Proposal 8 Time difference between satellite-based TRPs should be under network’s control.


	R1-2206387
	CATT
	Observation 1: The UE location verification is essential in NTN scenarios due to the requirements of RAN operation, regulatory supervision and regulatory support of services in NTN networks.
Observation 2: The verification should be independent from the UE reported location information and GNSS position.
Observation 3: The error range of 5-10km is reasonable to evaluate the precision of the methods to verify the UE location by the NTN networks.
Observation 4: According to the analysis above, the following aspects should be considered when applied the NR positioning methods into the NTN scenarios.
· The NR E-CID method cannot be straightly applied in NTN scenarios because of the large coverage of satellite beams.
· The low CNR, less overlapping coverage, and long various transmission delays should be considered seriously when employing the NR TDOA or multi-RTT positioning method.
· For the NR AoD or AoA method, the specific methods of measuring angles of signals should be discussed firstly in NTN satellite scenarios.
Observation 5: The major issues that affect the application of RAT dependent positioning methods applied in NTN networks have been summarized as following:
· The lower SNR will be an inevitable issue in NTN scenarios.
· The less overlapping coverage makes it difficult to measure signals from multi satellites simultaneously in the NTN scenarios.
· The frequency band and UE types will affect the application of RAT-dependent positioning solutions in NTN scenarios.
Observation 6: The existed RAT dependent positioning solutions in NR can be not directly applied in single satellite scenario without any adaptations.

Proposal 1: Considering the issues analyzed above, to realize the RAT-dependent positioning solutions in NTN, the following conditions should be treated as the base line.
· For frequency band and terminal types, the S band (or low band) and handheld terminal should be prior as the baseline.
· Considering the less overlapping coverage problem, the single LEO satellite with multi-time measurements should be one typical positioning scenario discussed firstly.
· In order to verify the precision of the RAT dependent positioning solutions in NTN scenarios, the simulations should be implemented according to the NTN parameters.
Proposal 2: In order to apply the RAT dependent positioning solutions in NTN single satellite scenario, the following aspects should be studied firstly.
· Which RAT dependent positioning solution can be adapted to the single satellite scenario should be analyzed carefully.
· How adaptive alterative could be done for the proper RAT dependent positioning solutions in single satellite scenario should be studied.
Proposal 3: The parameters of the satellites and UE described in TR 38.821 should be treated as the baseline in analyzing the precision of RAT dependent positioning methods in NTN scenarios.


	R1-2206424
	Panasonic
	Proposal 1: Rel.17/18 NTN should assume that reported TA values and the time and frequency synchronization based on GNSS have enough accuracy to realize NTN communication itself.
Proposal 2: 3GPP RAT dependent positioning methods and TA report based method should be studied for UE location verification. 
Proposal 3: For 3GPP RAT dependent positioning, timing difference method should be studied. 
Proposal 4: For LEO, different transmission timings from single satellite should be considered. 


	R1-2206503
	Lenovo
	Proposal 1: RAN1 to confirm that the network verification accuracy requirement is at least in the range between 5-10 km for NTN. FFS whether additional requirements need to be defined for other services, e.g., emergency services.
Proposal 2: RAN1 should further study the feasibility and applicability of the current RAT-dependent positioning techniques in the context of NTN.
Proposal 3: RAN1 to further study enhancements (if needed) to both PRS/SRS for positioning configuration design for NTN RAT-dependent positioning techniques.
Proposal 4: RAN1 to clarify if hybrid positioning methods (RAT dependent and RAT independent) are under the scope of study.
Proposal 5: RAN1 to further study DL-TDoA/UL-TDoA and Multi-RTT timing-based positioning techniques and associated adaptations for NTN to verify UE reported location
Proposal 6: For an NTN, UE position is determined based on the propagation delay differences between satellite(s) and UE.
Proposal 7: For NTN, satellite positions for different time instances are useful to determine the propagation delay difference between satellite and UE.
Proposal 8: Further study application of Multi-RTT based solution to different scenarios including GEO, LEO, HAPS.
Proposal 9: RAN1 to further study DL/UL angle-based and NR-ECID positioning techniques and associated adaptations for NTN to verify the UE reported location.
Proposal 10: Characteristics for single satellite and multiple time instances should be taken into account when designing schemes for the network to verify UE reported location.
Proposal 11: The network entity performing the UE location verification may be up to RAN2 and SA2 decision depending on the type of location service request.


	R1-2206631
	Xiaomi
	Observation:
· The measurement interval, observation times and the satellite orbit have significant impact on the positioning accuracy
· The positioning accuracy is improved with the increase of the measurement interval 
· The positioning accuracy is improved with the increase of observation times
· The positioning accuracy is improved with the decrease of the orbit height

Proposal 1: Both the gNB and the AMF could be responsible for the location verification.
Proposal 2: The RAT-dependent positioning including DL-TDOA, UL-TDOA and multi-RTT should be considered for UE location verification.

	R1-2206849
	Samsung
	Proposal 1:  Study both GNSS/A-GNSS method and RAT-dependent method for network-verified UE location for NR NTN.  
Proposal 2:  Study RAT-dependent method for network-verified UE location for NR NTN by prioritizing DL-TDOA, UL-TDOA and RTT positioning techniques in single satellite which should be also applicable to multiple satellites.
Proposal 3: Study enhancements for GNSS-based and RAT-dependent measurement reports from the UE to network, e.g. time stamps associated to measurement reports.


	R1-2206962
	ETRI
	Proposal 1: It is necessary to identify reliable measurement information.
Proposal 2: When GNSS reporting information of a UE is not reliable, the information of AoA and time difference between Tx and Rx by that UE should be considered unreliable.
Proposal 3: Estimating and verifying the location of UE by tracking the change of beam ID and cell ID to which the UE is connected can be considered. 


	R1-2207141
	Nokia, Nokia Shanghai Bell
	Observation 1: Tradional positioning methods without enhancements taking the satellite movement of the transmission nodes into account will likely not work.
Observation 2: Traditional terrestrial methods relying on triangulation, even where multiple positions of the same satellite are taken into account do not solve the problem of position verification.
Proposal 1: The verification method should be performed independently from the location information, reported by the UE and referred to as coarseLocationInfo.
Proposal 2: The verified UE location refers to the 2D location.
Proposal 3: The extra latency introduced by the UE position verification should be kept as short as possible and preferably be below 1 s.
Proposal 4: RAN1 should study methods combining several inputs beyond the traditional methods to verify the UE position


	R1-2207256
	Qualcomm Incorporated
	Observation 1: Single satellite can be used to verify the UE location only if the satellite moves fast enough, e.g., a LEO satellite.
Observation 2: With a constellation that provides global coverage with minimum elevation angle 30 degrees or more, a UE in an open area can certainly receive from multiple satellites. 
Observation 3: It is feasible to achieve  verification accuracy of 5 to 10 km with both single and multiple satellites.
· For single satellite with RTT measurements, a measurement window up to a few seconds may be required. 

Proposal 1: RAN1 and RAN2 to focus on adapting TN positioning techniques, such as DL-TDOA, UL-TDOA and RTT, for verification of the UE location using a single or multiple satellites. 
Proposal 2: For network verification of UE location, cases involving single satellite and multiple satellites are both considered in Rel-18. 


	R1-2207354
	Apple
	Proposal 1: For network verifying UE location, RAN1 to examine the LMF based schemes.

Proposal 2: For network verifying UE location, RAN1 to examine at least the following methods:
· Downlink TDOA
· Uplink TDOA
· Multi-RTT

Proposal 3: In NGSO scenario, RAN1 to treat different satellite locations of the same NGSO satellite at different time instances as different gNB locations in terrestrial network positioning methods. 

Proposal 4: For network verifying UE location in NGSO scenario, gNB reports satellite ephemeris information to LMF.

Proposal 5: In NGSO scenario with multi-RTT positioning method, consider that the distance between satellite and UE at the time of downlink transmission is different from the distance between satellite and UE at the time of uplink transmission. 


	R1-2207359
	LG Electronics
	Proposal #1: Country-level accuracy (e.g., 1~2 km) seems sufficient for NW verified UE location for NR NTN.
Proposal #2: NR positioning techniques such as TDOA, AoD/AoA, E-CID and Multi-RTT can be considered as potential solutions for NW verified UE location for NR NTN. 


	R1-2207429
	NTT DOCOMO, INC.
	Proposal 1:
For NW verified UE location for NR NTN, study the following options.
· Option 1: Based on Rel-17 UE-specific TA report
Option 2: Based on NR RAT-dependent positioning methods 
Proposal 2: 
Support report of information in addition to UE specific TA for the verification of UE location.
· The additional information can be propagation delay/distance between UE and a reference point.
· The choice of the reference point can be discussed, e.g. satellite, the reference location of serving cell which indicated in NTN-SIB, etc.
Proposal 3: 
The time-based RAT dependent positioning methods, i.e. DL-TDOA, UL-TDOA, multi-RTT are prioritized for verification of UE location in NTN.
· Angle-based methods and RSRP-based methods are deprioritized.
Proposal 4:
For time-based RAT dependent positioning methods in single satellite scenario,
· Multiple times of measurements are performed and reported with location information of the single satellite for each measurement.
Proposal 5:
For time-based RAT dependent positioning methods applied to NTN, study what additional information should be reported by UE to let LMF obtain the required results for positioning.
Proposal 6:
For time-based RAT-dependent positioning methods, study impact on the movement of satellite.
· E.g., when the UE location is derived by gNB/LMF from propagation delays, determine the applied location of the satellite (i.e., a reference location of satellite) in order to eliminate/reduce the inaccuracy due to satellite movement.


	R1-2207682
	Ericsson
	Observation 1	Existing RRM measurements for intra-RAT neighbours, inter-RAT neighbours, etc. can be trusted in locating the UE within the required location accuracy. They may, however, not be available on all locations on earth.
Observation 2	Only the positioning methods compatible with the NTN scenario need to be further studied.
Observation 3	Methods based on the received timing advance or received Doppler are infeasible in NTN as all UEs are received at the NTN payload and gNB with the same timing and frequency due to uplink pre-compensation of timing and frequency performed by the UEs.
Observation 4	Methods based on DL-TDOA, UL-TDOA and Multi-RTT are to be treated with lower priority as they require multiple NTN payloads (satellites or HAPSs).
Observation 5	It may be feasible to use the angle of arrival method for network verified UE location depending on the achievable angle resolution at the satellite.
Observation 6	For a rapid network-verified UE location, the UEs can be required to make idle mode measurements.
Proposal 1	RAN1 to discuss the achievable accuracy with the angle of arrival method, and with the E-CID method based on measurements on the same satellite as well as hybrid combinations.
Proposal 2	The UE can be provided an idle mode measurement configuration for network location verification, where the measurements are delivered to the network after security has been enabled.
Proposal 3	RAN1 should discuss and decide the positioning methods to be prioritized for further study on network verified UE location in NR NTN.
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