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1. Introduction
The Rel-18 NR NTN WID has been updated as follows regarding network verified UE location [1]. 
	4.1.3 Network verified UE location
Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.
Note 1: Enhancements assume reuse of the RAT dependent positioning framework
Note 2: The specification of DL-TDOA enhancements will be subject to the study of the impact of realistic UE clock drift onto DL-TDOA performance
Note 3: The target accuracy for position verification purposes is as documented in clause « recommendations » of the 3GPP TR 38.882 (i.e. 10 km granularity)
Note 4: Multiple satellite in view by the UE may be considered if time allows
Note 5: The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved
Note 6: The enhancements should take into account the mirror-image ambiguity
Note 7: Network verified UE location is an optional UE feature


The motivation of network verified UE location is that relying only on the GNSS based location information reported by the UE is not considered reliable as mentioned by SA3-LI. The UE reported location information (e.g. GNSS information), could be erroneous due to intentional (e.g. maliciously tampering by user or by 3rd party) or unintentional (e.g. interference) causes, hence it cannot be considered trusted by network operators. The target services include services which subject to national regulations or other operational constraints, e.g. Public Warning System (PWS), Lawful interception (LI), Emergency services (EMS), Charging and Tariff notifications. The UE location information is considered verified if the reported UE location is consistent with the network-based assessment to be within 5-10 km (similar to terrestrial network macro cell size). Such verification should enable country identification, selection of an appropriate core network, and the support of all the regulatory service.
In this contribution, our views on solutions for network to verify UE reported GNSS location information are provided.
2. [bookmark: DocumentFor]Discussion
As copied above from the WID, enhancements for multi-RTT positioning method to support network verify UE location in NTN assuming a single satellite in view are mainly considered.
2.1. UE location verification based on multi-RTT positioning methods
2.1.1. The reference point for gNB Rx-Tx time difference measurement in NTN
Following agreement was made in RAN1#112 meeting [2]:
	Agreement
In NTN, for the position of the reference point for definition of gNB Rx – Tx time difference measurement, consider the following options:
Option 1: Onboard the satellite
Option 2: The uplink time synchronization reference point
Option 3: on the gNB


Based on the discussion on reference point for gNB Rx-Tx time difference measurement in last meeting, it is understood that this reference point is a virtual point for the gNB report of gNB Rx-Tx time difference measurement rather than a physical point. Compared to other options, it is beneficial to adopt option 2 as legacy definition of gNB Rx-Tx time difference can be directly reused without additional information report. Thus, option 2 of selecting the uplink time synchronization reference point as the reference point for gNB Rx-Tx time difference measurement is preferred. 
Proposal 1:
For the position of the reference point for definition of gNB Rx – Tx time difference measurement, support Option 2, i.e., the uplink time synchronization reference point.
2.1.2. Definition of UE/gNB Rx-Tx time difference 
Regarding the definition of UE/gNB Rx-Tx time difference in NTN scenario, following agreements were made in RAN1 #112bis-e meeting [3]:
	Agreement
For RTT determination in NTN, discuss further the accuracy, and reporting details of combinations of the following UE and gNB receive-transmit time difference measurements:
· Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 1: The signaling method of UE Rx-Tx time difference definition option 1 is not precluded if Alt1 is adopted
· Alt-2: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 2: The LMF will use the time stamp of the PRS and the time stamp of SRS to calculate the time difference between the transmission of PRS and the reception of SRS
· Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4
      FFS: One or multiple SRS can be used in determining the arrival time
      FFS: Additional enhancement including additional information to be reported, if justified
Note 3: The impact of UE autonomous adjustment of TA (when applied) should be taken into account
Note 4: The gNB Rx-Tx time difference option in the above alternatives may need updates accordingly based on the outcome of discussion on reference point for the gNB Rx – Tx time difference



From our perspective, different definitions for the measurement for separate cases should be avoided for less specification impact. Thus, it is preferred to reuse legacy definition of UE/gNB Rx-Tx time difference in NR positioning and not to introduce NTN specific definition. 
For gNB Rx-Tx time difference, adopting legacy definition of gNB Rx-Tx time difference in NR as defined in TS 38.215 is preferred. Meanwhile, additional information to assist acquiring gNB Rx-Tx time difference in NTN can be reported if needed, which is dependent on outcome of discussion at the last section. If the reference point of gNB Rx-Tx time difference measurement is the UL synchronization reference point, the legacy definition of gNB Rx-Tx time difference can be directly reused and there is no need to report any additional information. 
For UE Rx-Tx time difference, similarly, the approach which reuses legacy definition of UE Rx-Tx time difference in NR and report additional information to assist acquiring UE Rx-Tx time difference in NTN, i.e., option 3, is preferred. For option 2, the UE reported information will not be time difference but separate time stamps, which is quite different from legacy multi-RTT framework and is not preferred. Meanwhile, the time stamp of NR positioning is reported via SFN and slot number, hence the issue brought by the impact of UE autonomous TA adjustment also exists in option 2.      
Thus, for the RTT determination in NTN, Alt-1, i.e., UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215 is preferred. Note that the impact of UE autonomous TA adjustment exists for all the three options, so that regardless of discussion outcome of Alt-1/Alt-2/Alt-3, discussion on solutions/ enhancement for this issue is needed, e.g., by reporting additional information, defining criteria/conditions for RS transmission, etc.
Proposal 2: 
For the RTT determination in NTN, support Alt-1 of the UE and gNB receive-transmit time difference measurement.
•	Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
Proposal X:
For the RTT determination in NTN, discuss how to solve the impact of UE autonomous adjustment of TA (when applied).


2.1.3. Information report
In our view, the verification for UE location in NTN is performed at LMF, and the same signaling as in TN NR positioning can be applied for the transfer of measurement results and assistance information. However, different from TN, in NTN, the reference signals (e.g., PRS, SRS) are transmitted between gNB and UE with relaying by satellite, hence the measurements (e.g., Rx-Tx time difference) indicate the RTT/propagation delay between UE and gNB with relaying by satellite. An example of applying multi-RTT method in NTN is illustrated in Figure 1 assuming reference point for definition of gNB Rx – Tx time difference is at UL time synchronization reference point.
 [image: 折线图

中度可信度描述已自动生成]
Figure 1 Example of multi-RTT method in NTN
(Reference point of gNB measurement is assumed on UL synchronization RP (ULSRP))
For multi-RTT based method with single satellite, multiple measurements will be performed between UE and one TRP/gNB via a single satellite at different timing. Each measurement timing is required to calculate UE location. Meanwhile it is noted that the measured quantity at UE can be the same as in legacy multi-RTT framework, i.e., time difference between received timing of DL subframe from TRP and UE transmission timing of UL subframe at UE.
In addition, for each measurement, as shown in Figure 1, if the reference point of gNB Rx-Tx time difference measurement is on the UL synchronization reference point (ULSRP), the reported UE/gNB Rx-Tx time difference to LMF corresponds to the sum of RTT between reference point and satellite and RTT between satellite and UE. However, the required measurement result at LMF to estimate UE location is RTT between satellite and UE. Considering the satellite movement, the required RTT between satellite and UE can be expressed as (‘gNB Rx-Tx time difference’ – ‘UE Rx-Tx time difference’) – ‘propagation delay between ULSRP and satellite location1’- ‘propagation delay between ULSRP and satellite location2’, which is different from TN positioning. 
Hence, from these aspects, additional information needs to be reported to LMF. The satellite ephemeris, common TA parameters as well as related timing information should be additionally reported to LMF by gNB. By using this information, LMF can obtain satellite positions at multiple measurement timings and ‘propagation delay between ULSRP and satellite locations’ as abovementioned. 
Proposal 3: 
For network verification of UE location in NR NTN based on multi-RTT framework, report additional information to LMF by gNB, including e.g., satellite ephemeris, common TA parameters, etc.

2.1.4. Impact of satellite movement in a single measurement
Considering the high moving speed of satellite in LEO, the location of satellite varies a lot during a single measurement. The impact of movement of the satellite needs to be studied and identified for the verification of UE location. An example of multi-RTT method considering the varying positions of satellite in a single measurement is illustrated in Figure 2. 
It can be observed that, at different time, the location of satellite changes a lot. The inaccurate location of the satellite will lead to inaccurate UE location estimation. The required Rx-Tx time difference should be the RTT/ propagation delay between UE and satellite at a specific time point, and this time point should be carefully selected. For example, the time when LMF calculates the RTT based on received measurements (e.g., t3 in Figure2) shouldn’t be the specific time point, for location of satellite already changes a lot during the period of RS transmission and measurement (e.g., from t0~t3). In legacy multi-RTT framework, UE and gNB report time stamp to LMF, which represent the time of measuring UE Rx-Tx time difference and gNB Rx-Tx time difference respectively. The satellite location at the time stamp of each measurement (e.g., t2/t2’ in Figure2) can be approximately regarded as the satellite location for calculation. To further reduce the inaccuracy of verification due to satellite movement, the satellite location at the time of satellite transmitting the reference signal (i.e., t1/t1’ in Figure 2) should be applied for UE location verification. Thus, to address the impact of satellite movement, legacy timing information report should be enhanced by reporting additional timing information to LMF, where the additional timing information should be the timing information of satellite transmitting the reference signals. 
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Figure 2 Example of muli-RTT method: satellite position at difference times in a single measurement
Proposal 4: 
For network verification of UE location in NR NTN based on time-based positioning methods, study and identify the impact on the movement of satellite in a single measurement.
· Legacy timing information report is enhanced by reporting additional timing information, i.e., the timing information of satellite transmitting the reference signals, to LMF.

2.2. Consideration of the mirror image ambiguity
Regarding the issue of mirror image ambiguity, following agreement was made in RAN1#112 meeting:
	Agreement
Study the following options to resolve the mirror positions ambiguity for multi-RTT positioning:
· Option 1: gNB or LMF implementation to solve the mirror error issue.
· FFS: whether there is spec impact
· Option 2: Reuse existing ECID method (e.g. combine UE neighbor measurements to solve the ambiguity between mirror positions), with potential enhancements
· Option 3: NR NTN UE should report the Doppler calculated on the service link
· Option 4: a VSAT UE should report its beam pointing in respect to satellite beam line of sight
· Option 5: Reporting of cell coverage information (e.g. cell footprint and reference point, or antenna pattern) to the LMF
· Option 6: Support and potentially enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning. 
· Other solutions are not precluded


According to the agreement, down selection among the options can be considered. In our understanding, introducing or combining with other positioning methods, i.e., option 2, should be considered with low priority. For option 3, the UE reported Doppler has trustworthiness issue as it should be obtained by GNSS related information. Meanwhile, option 4 may not be applicable to all UEs, and option 5 may not be feasible to resolve this issue if a UE and its mirror image locate at the same side relative to the reference point of a cell. Option 6 might be a possible solution to solve the mirror image ambiguity issue, however, the procedure to achieve UL AoA measurement by satellite with current NTN assumption is still not clear. R17/18 NR NTN considers a transparent-type satellite only. 3GPP specification will not support a mechanism to transmit the measurement of UL AoA from a satellite to gNB. If the UL AoA information is acquired by gNB in a non-3GPP way, there seems no specification impact and it can be regarded as gNB implementation. Thus, for solving the mirror image ambiguity issue, option 1 is preferred.   
Proposal 5: 
To resolve the mirror positions ambiguity for multi-RTT positioning, support Option 1.
· Option 1: gNB or LMF implementation to solve the mirror error issue

3. Conclusion 
Proposal 1:
For the position of the reference point for definition of gNB Rx – Tx time difference measurement, support Option 2, i.e., the uplink time synchronization reference point.
Proposal 2: 
For the RTT determination in NTN, support Alt-1 of the UE and gNB receive-transmit time difference measurement.
•	Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
Proposal 3: 
For network verification of UE location in NR NTN based on multi-RTT framework, report additional information to LMF by gNB, including e.g., satellite ephemeris, common TA parameters, and related timing information.
Proposal 4: 
For network verification of UE location in NR NTN based on time-based positioning methods, study and identify the impact on the movement of satellite in a single measurement.
· Legacy timing information report is enhanced by reporting additional timing information, i.e., the timing information of satellite transmitting the reference signals, to LMF.
Proposal 5: 
To resolve the mirror positions ambiguity for multi-RTT positioning, support Option1.
· Option 1: gNB or LMF implementation to solve the mirror error issue.
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