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Introduction
At the last RAN1 meeting (RAN1#111) the following conclusions were made on the positioning methods applied for NTN network-verified UE location. 
	Conclusion:
For network verification of UE location in NR NTN with single satellite in view with multi-RTT positioning: 
· From RAN1 perspective, if the UE’s Rx-Tx time difference measurements report can be assumed to be trusted, multi-RTT positioning method using Rx-Tx time difference measurements can meet the accuracy requirement of less than 10km with 90% confidence, in case of:
· At least LEO600 based deployment
· Earth fixed cells
· Earth moving cell at least if UE dwell time within the cell is enough to perform at least two RTT measurements
· Note: the required over-the-air latency reported in evaluations ranged from less than 10s up to 180s
Conclusion
For network verification of UE location in NR NTN with single satellite in view with DL-TDOA positioning: From RAN1 perspective, if the UE’s RSTD measurements report can be assumed to be trusted, DL-TDOA positioning method can meet the accuracy requirement of less than 10km with 90% confidence, in case of:
· At least LEO600 based deployment
· Earth fixed cells
· Earth moving cell at least if UE dwell time within the cell is enough to perform at least two RSTD measurements
Note 1: the above is based on evaluation results that didn’t account for UE Clock drift
Note 2: the required over-the-air latency reported in evaluations ranged from less than 20s up to 180s
Note 3: The requirements of Network verification of UE location may not be met if realistic assumption on UE clock drift is considered.
Conclusion
For network verification of UE location in NR NTN based on multi-RTT using UE RX-TX time difference report, if the UE reports needed to perform multi-RTT can be assumed to be trusted, existing multi-RTT framework may be reused with potential enhancements to adapt it to NTN context. This may include, but not limited to:
· If justified: NTN-specific definition of UE RX-TX time difference, including as an example, potential modifications to UE Rx – Tx time difference to enable network verification of UE location without introducing any additional measurements at the UE (with respect to Rel-17 NTN)
· The following is not precluded: the UE Rx – Tx time difference is defined as TUE-RX – TUE-TX, where TUE-RX – TUE-TX is directly derived from the timing advance TTA applied by the UE at a given subframe.
· Above does not imply that the relevant work is prioritized.
· Other assistance data (e.g. ephemeris) to be transferred from gNB to the LMF.
· If justified: Other assistance data (e.g. to resolve ambiguity on mirror position issue) to be transferred from UE to LMF
· If justified: Adaptations enabling Rx-TX measurements for Multi-RTT involving multiple cells within the same satellite
For network verification of UE location in NR NTN based on DL-TDOA positioning, if the UE reports needed to perform DL-TDOA positioning can be assumed to be trusted, existing DL-TDOA positioning framework may be reused with potential enhancements to adapt it to NTN context.


Based on the above RAN1 conclusions and discussion at RAN#98 meeting, the NR NTN WID was modified. Objective on the NTN network-verified UE location is copied below from the updated WID [1]. 
	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


In this contribution we discuss necessary enhancements to support multi-RTT positioning method in application to the NTN network-verified UE location as well as feasibility of DL-TDOA method considering UE clock drift issue.
Discussion 
[bookmark: _Hlk126927018]Support of multi-RTT
For the multi-RTT positioning method it is assumed that estimates of Round Trip Time (RTT) measured for a UE and multiple gNBs related to the distances between the UE and the gNBs are used to calculate the coordinates of UE position. The RTT estimates are calculated as RTT = T2 – T1 based on UE Rx-Tx time difference (T2) and gNB Tx-Rx time difference (T1) measured from timing of PRS transmission/reception and SRS transmission/reception as illustrated in the below figure. 


Figure 1: The concept of legacy multi-RTT positioning method


UE Rx-Tx time difference and gNB Tx-Rx time difference measurements are defined in TS 38.215. The corresponding definitions are copied in the table below. 
Table 1: Definition of UE Rx-Tx time difference and gNB Rx-Tx time difference
	UE Rx-Tx time difference
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [TS 38.305], defined by the first detected path in time. 
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.
Multiple DL PRS or CSI-RS for tracking resources, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.
For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE-RX measurement shall be the Rx antenna of the UE and the reference point for TUE-TX measurement shall be the Tx antenna of the UE.

	gNB Rx-Tx time difference
	The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:
TgNB-RX is the Transmission and Reception Point (TRP) [TS 38.305] received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
TgNB-TX is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.
Multiple SRS resources can be used to determine the start of one subframe containing SRS.
The reference point for TgNB-RX shall be:
- for type 1-C base station TS 38.104: the Rx antenna connector,
- for type 1-O or 2-O base station TS 38.104: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
- for type 1-H base station TS 38.104: the Rx Transceiver Array Boundary connector. The reference point for TgNB-TX shall be:
- for type 1-C base station TS 38.104: the Tx antenna connector,
- for type 1-O or 2-O base station TS 38.104: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
- for type 1-H base station TS 38.104: the Tx Transceiver Array Boundary connector.


For the network verified UE location in NTN assuming a single satellite in view, the RTT measurements are done in different time instances for one satellite (corresponding to one gNB). The RTT measurements should be spaced in time at least with gaps in the order of seconds so that the satellite can change its position. However, there is no change needed to the measurements definitions at least from RAN1 perspective. Changes related to the reference point for TgNB-RX, TgNB-TX, TUE-RX, TUE-TX can be discussed further in RAN4, if needed. 


Observation 1: 
· There is no changes required for measurements definition in TS 38.215 to support multi-RTT for the network verified UE location in NTN assuming a single satellite in view from RAN1 perspective
For the NR NTN, Timing Advance (TA) applied at the UE has multiple components including UE autonomous TA, common TA and closed-loop TA. If we assume that UE autonomous TA is related to service link RTT, common TA is related to feeder link RTT and closed-loop TA is related to residual time errors, then the full TA is equal to the RTT between UE and gNB. So, multi-RTT with RTT measured based on UE’s TA can be considered, e.g., by introducing new UE Rx-Tx time difference measurement method based on TA reporting. 
Considering the potential security issues related to reporting of UE’s TA for the verification of UE location, larger specification impact (definition of new measurements), unclear performance (e.g. accuracy) of the method, in our view RAN1 should focus on the multi-RTT solution which is based on SRS and PRS measurements. 
Proposal 1: 
· UE Rx-Tx time difference and gNB Tx-Rx time difference measurements based on PRS reception timing and SRS transmission timing shall be considered as baseline solution for multi-RTT in NTN
In order to calculate the UE location based on RTT measurements in terrestrial networks with legacy multi-RTT positioning method, location of gNBs which were used for RTT measurements are required. Since a non-GSO satellite is moving with significant speed with respect to the earth surface, location of the satellite should be reported for each RTT measurements instance. Thus, information about satellite location (satellite ephemeris) is required at the LMF for UE location calculation. Moreover, in order to consider the impact of feeder-link RTT (since it doesn’t contain any information about the UE location it should be subtracted from the calculated full RTT) feeder link RTT shall be reported to the LMF.
Proposal 2: 
· At least the following assistance information is required for multi-RTT in NTN
· Satellite ephemeris
· Feeder link RTT
One of the challenges of timing-based positioning methods (including multi-RTT) in NTN with a single satellite in view is mirror ambiguity issue. Since the satellite is moving in one plane (called orbital plane), as it is illustrated in figure 2, it is not possible to determine if UE is located in UE location 1 or UE location 2 using only RTT measurements. The reason behind this issue is reflectional symmetry of the system. 


Figure 2: Mirror-image ambiguity for multi-RTT in NTN with a single satellite in view


Since there is no way to avoid mirror image ambiguity using only timing-based solution with one satellite (as soon as the satellite doesn’t veer off orbit significantly), additional information is required for the LMF to decide if UE is located in point 1 or point 2. For example, reporting of cell coverage information to the LMF or reporting of the side of UE w.r.t. the orbital plane determined by beam angle at the gNB or direct reporting of angular information can be considered. 
Observation 2: 
· It is not possible to avoid mirror image ambiguity using only timing-based solutions with one satellite
Proposal 3: 
· Discuss the following solutions for the mirror-ambiguity issue
· Reporting of cell coverage information to the LMF
· Reporting of the side of UE w.r.t.  the orbital plane to the LMF
· Reporting of angular information (e.g., based on UL-AoA) to the LMF
One more problem which exists for timing-based positioning methods in case of single satellite in view is poor accuracy performance for UEs which are located close to the orbital plane due to the geometry of the system. This issue cannot be solved by using timing-based methods only as well. Thus, other methods shall be used by the network in order to verify UE location (e.g., UL-AoA or multi-satellite positioning). The exact solution should be up to the network in this case. 
Proposal 4: 
· It is up to the network/LMF how to handle the UE which are located near the orbital plane
Study of UE clock error issue for DL-TDOA
As it is stated in one of the conclusions from RAN1#111 meeting, the requirements of NTN network verification of UE location may not be met if realistic assumption on UE clock drift is considered for DL-TDOA. UE clock drift is caused by the offset of frequency value relative to the nominal frequency value at the UE. Since oscillator at the UE side is relatively cheap, the frequency shift from the nominal frequency value can be significant (e.g., 10 PPM) without additional frequency reference. A DL signal (e.g. SSB and CSI-RS for tracking) can be taken as reference for frequency alignment with the reference frequency for timing measurements. 
However, due to synchronization errors, frequency synchronization is not ideal. The maximum residual frequency synchronization error is 0.1 PPM according to the requirements from TS 38.101. if this residual error is the only one source of timing error, then, cumulative timing measurement error for the time between PRS equal to 30 seconds is 3 micro seconds assuming 2 GHz carrier frequency (S-band) which corresponds to positioning error of around 1 km. 
Observation 3: 
· Frequency error of 0.1 ppm for S-band results in an error of 0.9 km (3 µs) for measurement interval of 30 seconds
In addition to the residual frequency error due to non-ideal UE synchronization, there is significant Doppler frequency shift which must be considered for the timing measurements. Doppler shift due to satellite movement can be considered (compensated) by the UE, however, there may be some errors due to non-ideal GNSS and satellite ephemeris. Also, since UE speed and direction may not be known by the UE, the corresponding Doppler shift cannot be compensated. In this case there can be an additional 0.1 PPM for a UE travelling in a car or train. 
Observation 4:
· Frequency error (mismatch with nominal frequency) due to Doppler shift caused by UE speed and due to non-ideal compensation of Doppler shift caused by satellite speed is significant (larger than 0.1 PPM)
For timing estimation between PRS for DL-TDOA, UE should maintain tight frequency synchronization for a long time (e.g., 30 seconds). In this case it may be not possible to apply energy saving which can lead to higher UE power consumption. Or, if a UE skips some SSB transmissions the residual frequency error can be larger than 0.1 PPM for some period, which can have negative impact on the positioning accuracy. 
Observation 5: 
· For DL-TDOA, a UE is required to maintain tight frequency synchronisation for long time period (at least 30 second) to decrease the timing/positioning error which can lead to higher UE power consumption
As it can be seen from the conclusions from RAN#111 meeting on multi-RTT and DL-TDOA positioning accuracy for NTN, latency for DL-TDOA positioning (>20 s) is larger comparing to the latency for multi-RTT positioning (>10 s) without considering the impact of UE clock drift. Considering the above, RAN1 can focus on multi-RTT as a primary solution for NTN UE location verification. DL-TDOA and UL-TDOA can be further considered in next releases, if needed.
Proposal 5: 
· RAN1 should focus on the multi-RTT method as a primary solution for NTN UE location verification
· DL-TDOA and UL-TDOA can be considered in future releases
Multiple satellites in view
In some cases, depending on the constellation, it is not possible to use multiple satellites for UE location verification. So, support of NTN UE location verification with single satellite in view should be the first priority. However, if multiple satellites in view are available for the UE, positioning with multiple satellites can provide significant benefits in form of higher accuracy and lower latency comparing to positioning with single satellite in view. Thus, we propose to consider extension of multi-RTT to NTN network-verified UE location with multiple satellites in view. The starting point of that discussion can be to identify the necessary enhancements to support it. Considering that the multi-RTT positioning method for terrestrial networks natively supports multiple gNBs, it may be relatively simple to extend it to multi-satellite case. 
Proposal 6: 
· Consider extension of multi-RTT to NTN network-verified UE location with multiple satellites in view
Conclusion
In this contribution, we have considered technical aspects on solutions for network-verified UE location. The following observations and proposals are made.
Observation 1: 
· There is no changes required for measurements definition in TS 38.215 to support multi-RTT for the network verified UE location in NTN assuming a single satellite in view from RAN1 perspective
Proposal 1: 
· UE Rx-Tx time difference and gNB Tx-Rx time difference measurements based on PRS reception timing and SRS transmission timing shall be considered as baseline solution for multi-RTT in NTN
Proposal 2: 
· At least the following assistance information is required for multi-RTT in NTN
· Satellite ephemeris
· Feeder link RTT
Observation 2: 
· It is not possible to avoid mirror image ambiguity using only timing-based solutions with one satellite
Proposal 3: 
· Discuss the following solutions for the mirror-ambiguity issue
· Reporting of cell coverage information to the LMF
· Reporting of the side of UE w.r.t.  the orbital plane to the LMF
· Reporting of angular information (e.g., based on UL-AoA) to the LMF
Proposal 4: 
· It is up to the network/LMF how to handle the UE which are located near the orbital plane
Observation 3: 
· Frequency error of 0.1 ppm for S-band results in an error of 0.9 km (3 µs) for measurement interval of 30 seconds
Observation 4:
· Frequency error (mismatch with nominal frequency) due to Doppler shift caused by UE speed and due to non-ideal compensation of Doppler shift caused by satellite speed is significant (larger than 0.1 PPM)
Observation 5: 
· For DL-TDOA, a UE is required to maintain tight frequency synchronisation for long time period (at least 30 second) to decrease the timing/positioning error which can lead to higher UE power consumption
Proposal 5: 
· RAN1 should focus on the multi-RTT method as a primary solution for NTN UE location verification
· DL-TDOA and UL-TDOA can be considered in future releases
Proposal 6: 
· Consider extension of multi-RTT to NTN network-verified UE location with multiple satellites in view
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