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Introduction

In [1], NW verified UE location is listed as part of R18 NTN WID scope which also depends on RAN level study progress . And in RAN#96 the SI [2] has been considered as completed with outcome in TR 38.882 [3], which has identified the use cases that NW verified UE location might be needed. In the TR recommendation is also given in the aspects of prioritized scenarios as well as guideline for solution discussion. Based on the recommendation give in the TR, potential solution will be discussed in this contribution.
Discussion
It is mentioned in TR 38882 that reliable UE location is important for NW to select core network and provide proper service that fits with the regulatory requirement of UE in different countries. Although UE can provide GNSS location information/CGI based on NW’s request via RRC, it is still possible that UE provided information is fake, which might mislead the NW and lead to violation of security/regulations. 

Observation 1: GNSS measurements/CGI reporting via RRC might not be reliable information for NW to locate UE’s geographical location, which will mislead NW in selection of appropriate CN and service that fits with regulation.

----------------------------------------------------From TR 38882 h00 starts -----------------------------------------------------

In this study, we have identified the need to define a network based solution which aims at verifying the reported UE location information.

The verification should be performed independently from the location information reported by UE.

The UE location information for the study is considered verified if the reported UE location is consistent with the network based assessment to within 5-10 km (similar to terrestrial network macro cell size), enabling country discrimination and selection of an appropriate core network in order to support all the regulatory services (i.e. emergency call, lawful intercept, public warning, charging/billing).

The solution should not impact significantly the latency of the targeted services nor infringe privacy requirements that apply to the UE location.
The study in [RAN2,RAN1,RAN3], which will study and evaluate solutions for the network to verify UE reported location information, shall consider the following aspects:

-
The scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority.
-
Multiple satellite (or HAPS) in view by the UE may be considered if time allows

-
Assume that the UE is attached to a network (so that its context has been set up in the network) for the purpose of positioning

-
Different solutions or positioning methods for NGSO, GSO or HAPS are not precluded

-
When considering solutions based on positioning methods, existing 3GPP defined RAT dependent positioning methods shall be considered as baseline. Other methods are not precluded.

-
Solutions using existing NG-RAN architecture and procedures shall be considered
----------------------------------------------------From TR 38882 h00 ends -----------------------------------------------------

Based on observation 1, it is proposed in TR 38882 that assisting information independent from UE GNSS location is provided by UE to help NW verified its location, with recommendation to prioritized single satellite scenarios. It is also suggested in the TR that when considering potential solution try to consider architecture as well as procedures that can already been supported in existing specs to minimize the impact, which includes existing positioning methods.
Observation 2: Assisting information independent from UE GNSS location is required to help NW verified UE reported location with consideration on reusing existing procedure (e.g., including existing positioning methods). And discussion on single satellite scenario is prioritized.

It is proposed to confirm the recommendation from TR that RAN2 prioritize the discussion on single satellite (or HAPS) scenarios in NW verified UE location topic.
Proposal 1: RAN2 prioritize single satellite (or HAPS) scenarios in NW verified UE location discussion.
Multiple R17 positioning methods are specified in [4] , after excluding the position methods that is inapplicable for outdoor positioning (e.g. Bluetooth and WLAN) the remaining candidates are UL/DL-TDOA, UL/DL-AoD and multi-RTT measurements. For DL-TDOA//DL-AoD method, prior knowledge on the geographical coordinates of TRPs and spatial information of DL reference signals are required at UE’s side, which may not always available for all scenarios. And for multi-RTT method, the estimation of UE position is done based on the Tx-Rx time difference measurement which is relative time, therefore there is no synchronization requirement between TRPs and UEs. While for TDOA/AOD method the TRPs used for positioning needs to be synchronized to obtain the correct position which has higher requirement on the hardware. Therefore, it is preferred to consider multi-RTT as the candidate solution in NTN for NW verified UE location is multi-RTT measurements.

Observation 3: Compared to TDOA/AoD method, muilt-RTT method has looser requirement on synchronization and hardware, also it doesn’t require prior knowledge on the geographical coordinates of TRPs and spatial information of DL reference signals at UE’s side.

Multi-RTT is short for multiple cell round trip time, where both gNB and UE will calculate the time difference between transmission and reception based on reference signal of multiple TRPs and deliver the Rx-Tx time difference measurements of each TRP to LMF to determine the detailed UE position. For single satellite scenarios, each satellite can only be seen as one TRP from UE’s perspective, therefore to allow the utilize multi-RTT positioning in single satellite scenarios enhancements needed to be considered. 
Observation 5: Existing Multi-RTT measurements is based on RTT measurement among multiple TRPs to determine UE position, which needs to be enhanced to allow positioning in single satellite scenario.
One method could be considered is to spread UE in time domain, where UE performs Tx-Rx time difference measurement in different time instance to obtain multipe RTT measurements. Yet the required measure periodicity and estimation accuracy needs to be evaluated by RAN1 to guarantee that verified UE location can meet the resolution requirement.
Observation 6: Spread RTT measurement in different time instance in single satellite scenario can achieve similar purpose as multi-RTT measurement yet the required measure periodicity and estimation accuracy needs to be evaluated by RAN1.

In R17, TA report function is introduced in NTN to assist NW to adjust koffset for UL scheduling where UE can report full TA during RACH or periodically if configured. Since timing advance information has always been considered as equivalent to RTT information, another option can be considered in NTN is to enhance existing TA report function to allow multiple TA report so that NW can based on the multiple TA received to locate UE. Since TA report is a common function that applicable to all NTN scenarios, it can also be used in single satellite scenario which also allows common solution for different deployment. But the required enhancements (e.g., smaller periodicity) to fulfill the position resolution may need to be further studied.
Observation 7: Since TA information can be used to derive RTT as well, existing TA report function can be enhanced to allow multiple TA report as an alternative to multi-RTT solution.

Observation 8: TA report is a common function that applicable to all NTN scenarios which allows common solution for NW verified UE location with different NTN deployment scenarios.

In summary, according to above analysis it is proposed that RAN2 consider to further study below options as candidate solution for NW verified UE location in NTN:

Opt1: UE Rx-Tx time difference measurement in different time instance for single satellite scenario 
Opt2: TA report with potential enhancements to allow multiple TA report
For both options RAN1’s confirmation may be needed to evaluate whether it can fulfilled the accuracy requirement.

Proposal 2: RAN2 to further study below options as candidate solutions for NW verified UE location in NTN:

Opt1: UE Rx-Tx time difference measurement in different time instance for single satellite scenario 
Opt2: TA report with potential enhancements to allow multiple TA report
Proposal 3: RAN1’s confirmation is needed to evaluate whether options in P2 can fulfilled the accuracy requirement.
According to evaluation of time-spread RTT measurement in our paper [5], one verification could take up to 180s considering rms measurement error of 30ns, therefore enhancement might need to be considered to decrease the verification frequency. One method is to introduce reliability flag at UE’s side. For example, if an UE is verified as reliable at multiple time or at multiple scenarios, it can be tagged as reliable from NW’s perspective, and based on the flag NW may decide to skip the verification or decrease the frequency of UE location verification. 
Observation 9: For time-spread RTT measurement proposed in P2, one verification could take up to 180s considering rms measurement error of 30ns.

Observation 10: With the assistance of reliability flag the frequency required for UE location verification can be decreased since NW can decide to skip the verification if a UE is considered as reliable for a certain time.

Based on above observations, it is proposed to allow tagging UE with reliability flag based on verification outcome to help reduce the measurement frequency. 
Proposal 4: UE can be tagged with reliability flag based on verification outcome to help reduce the frequency of verification procedure.
Conclusion and proposals

Based on above analysis, we have the following observations and proposals: 
Observation 1: GNSS measurements/CGI reporting via RRC might not be reliable information for NW to locate UE’s geographical location, which will mislead NW in selection of appropriate CN and service that fits with regulation.

Observation 2: Assisting information independent from UE GNSS location is required to help NW verified UE reported location with consideration on reusing existing procedure (e.g., including existing positioning methods). And discussion on single satellite scenario is prioritized.

Observation 3: Compared to TDOA/AoD method, muilt-RTT method has looser requirement on synchronization and hardware, also it doesn’t require prior knowledge on the geographical coordinates of TRPs and spatial information of DL reference signals at UE’s side.

Observation 5: Existing Multi-RTT measurements is based on RTT measurement among multiple TRPs to determine UE position, which needs to be enhanced to allow positioning in single satellite scenario.
Observation 6: Spread RTT measurement in different time instance in single satellite scenario can achieve similar purpose as multi-RTT measurement yet the required measure periodicity and estimation accuracy needs to be evaluated by RAN1.

Observation 7: Since TA information can be used to derive RTT as well, existing TA report function can be enhanced to allow multiple TA report as an alternative to multi-RTT solution.

Observation 8: TA report is a common function that applicable to all NTN scenarios which allows common solution for NW verified UE location with different NTN deployment scenarios.

Observation 9: For time-spread RTT measurement proposed in P2, one verification could take up to 180s considering rms measurement error of 30ns.

Observation 10: With the assistance of reliability flag the frequency required for UE location verification can be decreased since NW can decide to skip the verification if a UE is considered as reliable for a certain time.

Proposal 1: RAN2 prioritize single satellite (or HAPS) scenarios in NW verified UE location discussion.

Proposal 2: RAN2 to further study below options as candidate solutions for NW verified UE location in NTN:

Opt1: UE Rx-Tx time difference measurement in different time instance for single satellite scenario 
Opt2: TA report with potential enhancements to allow multiple TA report
Proposal 3: RAN1’s confirmation is needed to evaluate whether options in P2 can fulfilled the accuracy requirement.

Proposal 4: UE can be tagged with reliability flag based on verification outcome to help reduce the frequency of verification procedure.
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