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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 [1]. Among other objective, this work item aims to:

	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 agreements and conclusion made at RAN1#112 and RAN1#112bis can be found in section 9.1.

In this contribution we discuss potential necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view.

Principle of multi-RTT positioning with single satellite in view
The principle of the multi-RTT computation performed with only one satellite in the 5G NTN context is illustrated in Figure 1. The RTT measurements (corresponding to the round trip time on the service link) can be repeated in different instants, and from different positions on the satellite orbit. On ground, every measured RTT corresponds to a circle ( or a ring by considering the RTT measurement error). The subsequent measurement of RTT will describe a different circle of different diameter (depending if distance increase or decrease), and with a different center. In this way the intersection of all the circles will point at the UE location (assumed not moving). 
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Figure 1 multi-RTT based positioning with single satellite

To perform RTT measurements, satellite movement between TX and RX (the uplink and down link one-way delays are different) should be taken into account. To this aim, every measured RTT should correspond to an ellipse (and not circle) on the ground : For each measured RTT the possible UE location is traced by a point moving in  the space so that the sum of its distances from two anchor points (the foci/ the two focal points) is constant = measured RTT. The two anchor points are the satellite positions at TX and RX respectively.
Different measurements of RTT will describe different ellipses with different eccentricity. The intersection of these ellipses with the ground will determine the resulting UE position uncertainty area.

Rx-Tx time difference measurements in NTN
UE Rx – Tx time difference
The UE Rx – Tx time difference is a report from the UE about the time difference between the start of a downlink subframe and the start of the corresponding uplink subframe. It is defined in clause 5.1.30 of TS 38.215 [7] as follows:
Table 1 Definition of UE Rx – Tx time difference [TS 38.215]
	Definition
	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.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE



For enhancing UE Rx-Tx time difference in NTN, the following options where down-selected in RAN1#112:

Option 1: The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP.
For a Transmission Point 
· TUE-RX is the UE received timing of downlink subframe #i from this Transmission Point (TP), defined by the first detected path in time.
· TUE-TX is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP
· One or multiple DL RS for positioning, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
Option 2:
· For RTT measurement in NTN, support UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS. 
· FFS: details of report and the definition of UE Rx-Tx time difference    
Option 3: 
The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on one of the following options: 
· Option 3-1: This offset is reported as the nearest integer value in the unit of milliseconds by rounding the time difference of transmit timing of uplink subframe #i and receive timing of downlink subframe#i
· Option 3-2: UE report the index of the subframe j that is closest in time to the subframe #i received from the TP and LMF can derive the offset
· Option 3-3: TA report which corresponds to the time difference of received timing of downlink subframe #i and transmit timing of uplink subframe#i rounding up to slot granularity.
Option 4: 
· UE Rx – Tx time difference TUE-RX – TUE-TX  can be directly derived from timing advance TTA 
· FFS: the granularity and the reporting range of TA.
· Note: This implies that the existing framework for Multi-RTT positioning report can be used without need to specify a new TA report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account

From our perspective, option 2 should be adopted for enhancing UE Rx-Tx time difference in NTN. By considering this option, the UE Rx – Tx time difference in NTN can be defined as TUE-RX – TUE-TX
Where:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP.
· TUE-RX is the UE received timing of downlink subframe #i from this Transmission Point (TP), defined by the first detected path in time.
· One or multiple DL RS for positioning, as instructed by higher layers, can be used to determine the start of downlink subframe #i.
· TUE-TX is the UE transmit timing of the uplink subframe #j 
· SRS transmission can be used to determine the start of the uplink subframe #j

Based on the above discussion, we made the following proposals:

Proposal 1: 
For RTT measurement in NTN, support UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS.


The principle UE Rx-Tx time difference measurement as per Proposal 1 is illustrated in Figure 2.
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Figure 2 -	UE Rx-Tx time difference measurement

gNB Rx – Tx time difference

The gNB Rx – Tx time difference is defined in clause 5.2.3 of  TS 38.215 as follows:

Table 3 Definition gNB Rx – Tx time difference in TN [TS 38.215]
	Definition
	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 enhancement of gNB Rx-Tx time difference in NTN, the following options were down-selected in RAN1#112: 
Option 1: 
· The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:
For a Transmission Point 
· TgNB-RX is the Transmission and Reception Point (TRP) 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 the downlink subframe corresponding to uplink subframe #i received from the UE
· Multiple SRS resources can be used to determine the start of one subframe containing SRS.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
Option 2:
· For RTT measurement in NTN, support gNB report of gNB Rx-Tx time as defined in 38.215 with the following change:
· Only the SRS resource starting within a subframe can be used to determine the start of the subframe. 
Option 3: 
· Keep the current gNB Rx-Tx definition, and report an offset which can covers the time duration corresponds to kmac if needed.
Option 4:
· For RTT measurement in NTN, support gNB report that indicates the time difference between the transmit time of a DL RS for positioning and the arrival time of an SRS. 

FFS: details of report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account

Different combinations of the UE and gNB receive-transmit time difference measurements were proposed in previous RAN1 meeting for further discussion. We share our view on the accuracy of these combinations  within the following section.

RTT determination in NTN
RAN1#112bis made the following agreement:

	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




The combination of the UE and gNB receive-transmit time difference measurements based on Alt1 is illustrated in Figure 3.  
In principle, the RTT is calculated as:


 is the UE Rx – Tx time difference which is determined based on Option 3 (or option 1) which reflects the RTT between the UE the uplink sync Reference point (UPSRP).   is the gNB receive-transmit time difference as defined in TS 38.215. UE Rx-Tx time difference measurements accuracy is defined in clause 10.1.25.2 of TS 38.133 for TN  and it may need to be updated for NTN by RAN4. 
Because the UE Rx-Tx time difference is subject to the UE timing error, the gNB Rx-Tx time difference is used in the calculation of the RTT to adjust the UE receive-transmit time difference. For UE receive-transmit time difference adjustment, the UE transmits SRS within [-160, 160] msec of at least one DL PRS resource of each of the TRPs in the assistance data as specified in clause 9.9.4.2 of TS 38.133. 

In NTN, due to a high radial velocity between the satellite and the UE the timing drift should be taken into account: In case of LEO-600km transparent payload for instance,  the maximum delay variation as seen by the UE can be up to +/- 24 µs/sec. Thereby, the timing drift between the time of the reception of the PRS used for UE Rx-Tx time difference measurement at the UE and the time the SRS used for gNB Rx-Tx time difference measurement is received should be taken into account in the calculation of the RTT.

Let’s denote the time duration between the PRS reception and SRS transmission at the UE. And  the PRS to SRS time difference (Refer to Figure 3) which corresponds to the duration between the time of the receipt of the PRS used for UE Rx-Tx time difference measurement at the UE and the time the SRS used for gNB Rx-Tx time difference measurement is received at the gNB.



 is the one way propagation delay of SRS transmission.

To take into account the timing drift during , the RTT should be calculated in NTN as follows: 



The  is the timing drift during :



For example, if the UE transmits SRS, 160ms after the PRS is received;  And if , the maximum timing drift is equal to  . Obviously, this timing drift cannot be neglected and thereby it should be added to the UE Rx-Tx time difference used in RTT calculation.

Based on the above, for RTT calculation in NTN, the timing drift during   should be calculated by the network. To this aim, the ,  and  should be known to the network.  and  may be reported by the UE. However,  cannot be directly determined by the network. But a first order approximation could be derived from the  which is reported by the UE:


And therefore, 


With Alt1, to take into account the timing drift, the UE should report the TimingDriftRate and Delta_t1. There will be a residual error on the value of . Such approximation will affect the positioning accuracy (RTT error should not exceed 200ns). 
Further, reporting of TimingDriftRate might be questionable, as it is derived by the UE based on its own position derived from its GNSS.

For RTT determination in NTN, with the combination of UE and gNB receive-transmit time difference measurements based on Alt1, the timing drift during   should be taken into account.
corresponds to the duration between the time of the reception of the PRS used for UE Rx-Tx time difference measurement at the UE and the time the SRS used for gNB Rx-Tx time difference measurement is received at the gNB.
Thereby, the RTT could be calculated as:

Where; 
And the UE should report the  and 
is the time duration between the PRS reception and SRS transmission at the UE

the accuracy of Alt1 is affected by the timing drift
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Figure 3 Combination of UE and gNB receive-transmit time difference measurements based on Alt1

The combination of UE and gNB receive-transmit time difference measurements based on Alt2 is illustrated in Figure 4. In Alt2, 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. Let’s denote this time difference as: .
With Alt2 the gNB should support report that indicates the time difference between the transmit time of a PRS for positioning and the arrival time of an SRS. With Alt2, the reporting range of UE_(Rx-Tx) would be larger compared to the one of Alt1 (note that in Alt1 the time duration between the PRS reception and SRS transmission at the UE, should be also reported). However, with Alt2 the UE does not need to report the . And the timing drift does not affect the accuracy of Alt2.

the accuracy of Alt2 is not affected by the timing drift


With Alt2, the RTT can be calculated as follows: 



Note: It is assumed that the SRS is transmitted after the PRS is received at the UE.
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Figure 4 Combination of UE and gNB receive-transmit time difference measurements based on Alt2

Between, Alt 2 and Alt3, we would prefer Alt2 as with the gNB Tx-Tx time difference can be used to adjust the UE timing error and both methods would have the same specification impact.

Based on the above, we made the following proposal:

Proposal 2: 
For RTT determination in NTN, support the combination of the following UE and gNB receive-transmit time difference measurements:
· UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference as defined in TS 38.215. 
Note: 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 (
FFS: the reporting range for the UE Rx-Tx time difference measurement 


The reference point for the gNB Rx – Tx time difference in NTN
The reference point for the gNB Rx – Tx time difference in NTN was extensively discussed during the previous RAN1 meeting. 
The reference point for TgNB-RX  and TgNB-TX used for the gNB Rx – Tx time difference measurement should be further discussed in RAN1. The following options were down-selected in RAN1#112:
-	Option 1: onboard the satellite
-	Option 2: the uplink time synchronization reference point
-	Option 3: on the gNB

In existing specs (please refer to TS 38.215), for terrestrial network, a reference point is defined for uplink received power measurement (i.e. UL SRS reference signal received power) and uplink timing measurement (gNB Rx – Tx time difference, UL Relative Time of Arrival and Timing advance). This reference point is dependent on the base station type and located at the antenna connector:  for type 1-O or 2-O base station TS 38.104: the Rx/Tx antenna (i.e. the centre location of the radiating region of the Rx/Tx antenna), and for type 1-H base station TS 38.104: the Tx/Rx Transceiver Array Boundary connector.

For NTN, clearly the definitions given in TS 38.215 should be adapted/updated: a reference point for uplink received power measurements (e.g. UL SRS reference signal received power) and uplink timing measurement (gNB Rx – Tx time difference, UL Relative Time of Arrival and Timing advance) should be defined. The definition of the reference point should be changed even for spec Release-17 TS38.215. As Agenda item 7 on NR Maintenance will not be treated in RAN1#113, RAN1 should discuss in RAN1#114  a CR for TS38.215 on  Reference point, to update its definition, not only for uplink timing measurement (such for gNB Rx – Tx time difference) but also for uplink received power and uplink timing measurement. And the SAN types defined in TS 38.108 should be considered.

From our perspective, the same principle as for TN should be adopted for NTN: the reference point for uplink received power measurements (e.g. UL SRS reference signal received power) and uplink timing measurement (gNB Rx – Tx time difference, UL Relative Time of Arrival and Timing advance) should be at the antenna connecter for the different SAN types (SAN type 1-O and SAN type 1-H) defined in 3GPP TS 38.108. In a transparent payload, the satellite processing (frequency conversion and amplification), the transmission on feeder link may have may have impact on these measurements. But this should be handled as internal matter to the network: the gNB should know the antenna gain the link budget on the feeder link. It should be noted that, during the Rel-16 study phase and so far, for the link budget analysis only the service link is considered. To our understanding, this is because the reference point for uplink is located at the satellite (antenna connector as in TN) and the link budget on the feeder link is handled internally by the Satellite Access Node (SAN).

Base on the above, we made the following proposal:

Proposal 3:
In NTN, for uplink timing measurements (gNB Rx – Tx time difference, UL Relative Time of Arrival and Timing advance) and for uplink received power measurements (e.g. UL SRS reference signal received power), the reference point is within NTN payload RF. i.e. It should be defined as follows:

For reception :
· for SAN type 1-O: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna)
· for SAN type1-H: the Rx Transceiver Array Boundary connector.
For transmission:
· for SAN type 1-O: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
· for SAN type 1-H: the Tx Transceiver Array Boundary connector


In the basic formula to determine the RTT, gNB Rx-Tx  is added to UE Rx-Tx as follows:  



Because in ideal case the RTT between the UE and the reference point  is = . However,  is subject to transmission timing error. Thereby, based on SRS transmission, the  can be adjusted by adding  as defined in TS 38.215. Thus, the RTT = (UE Rx-Tx) + (gNB Rx-Tx). Further the   is reflecting the RTT between the UE and the uplink time sync reference point (UTSRP). Obviously, such adjustment should be done with respect to the same reference point (UTSRP). Which means that for RTT determination in NTN, whatever the point where  is actually measured, the gNB receive-transmit time difference at the uplink time synchronization reference point (UTSRP) should be known to the LMF. The reference point for gNB transmit-receive timing measurement and the reference point for the calculated used in the RTT determination do not need to be the same. This is illustrated in Figure 5 and explained as follows:

Unlike in TN, in NTN the reference point for uplink sync and the reference point for gNB Rx-Tx are different, as illustrated in Figure below.
So, we may:
· report to the LMF the raw measurement of gNB Rx-Tx  at RP yet-to-be-defined ( = A if measurement point at gNB, or C if measurement at Satellite, in Figure 5). 
· or report the “calculated” gNB Rx-Tx at UTSRP (= B in the figure)

RTT should be determined w.r.t UTSRP, then determined w.r.t to the Satellite (because the anchor point for positioning is the satellite).

Therefore,
i. If A is reported to the LMF  RTT = (UE Rx-Tx) - Offset + A
ii. If C is reported to the LMF  RTT= (UE Rx-Tx) + C - 
iii. If B is reported to the LMF  RTT= (UE Rx-Tx) + B  B is derived from A or C by gNB

We can see from (i), (ii) and (iii) that to follow the same logic as legacy, the  RTT is determined by adding  B (which is gNB Rx-Tx  calculated at UTSRP) or by adding C  (gNB Rx-Tx  measurement at Satellite ) +     or by adding A (gNB Rx-Tx  measurement at gNB ).
In case of iii the gNB receive-transmit time difference at the uplink time synchronization reference point (UTSRP) is known to the LMF
In case of (i) or (ii) the gNB receive-transmit time difference at the uplink time synchronization reference point (UTSRP) is also known to the LMF by deriving it from A and C and the Offset or .
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Figure 5 Reference point for the gNB Rx – Tx time difference in NTN

Further, it is worth noting that in practice, the value of the gNB Rx – Tx time difference defined as TgNB-RX – TgNB-TX would be the same at the different points for reference point discussed at RAN1#112. Indeed, the time difference between the received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time, and transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE would not change at these different points (uplink and downlink timing are subject to the same timing drift) unless the processing at the satellite may impact differently the uplink and downlink transmissions. Anyways, from our perspective, for RTT determination in NTN, the gNB receive-transmit time difference at the uplink time synchronization reference point (UTSRP) should be known to the LMF.
  
In our view, the issue on defining the reference points in NTN (for uplink timing measurements and for uplink received power measurements) is a more general problem that should be solved and discussed separately (maybe involving also RAN4) and the sepc TS 38.215 should be updated also for Release-17. However, as a reasonable way forward for Network verified UE location work, RAN1 may adopt the following conclusion:  

Proposal 4:
Conclusion: The reference point for gNB transmit-receive timing measurement and the reference point for the calculated gNB_(Rx-Tx) used in the RTT determination do not need to be the same.

And agree on the following two proposals:


Proposal 5: 
For RTT determination in NTN, the gNB receive-transmit time difference at the uplink time synchronization reference point (UTSRP) should be known to the LMF.


Proposal 6: 
RAN1 to discuss the definition of the reference point uplink timing measurements (gNB Rx – Tx time difference, UL Relative Time of Arrival and Timing advance) and for uplink received power measurements (e.g. UL SRS reference signal received power) as a left over from Release-17 (to update TS 38.215). This essential correction should be discussed as part of Release-17 maintenance.  


Impact of the geometry on the accuracy of multi-RTT positioning method 
The geometry of the receiver-transmitter is affecting position precision in any ranging system. How observation geometry relating the UE and positioning anchor points (TRP) affects the network verified UE location was discussed in [9]. For example, for a UE located on the orbital plane it is clear from Figure 1 if all RTT measurements are performed when the satellite is on left to plane v, the intersection of the three spheres will result  in very large/infinite position uncertainty areas.
The position (3D) dilution of precision (PDOP) values obtained through simulations [9] are excessively large/poor for the UE located nearby the orbital plane. In several contributions submitted to RAN1#111, it was reported that the geometry of UE location relative the satellite orbit impacts the positioning performance. In [10] for example it was also observed via simulation that the error in position estimation depends largely on the UE position relative to the satellite points on the ground which are below the orbit or close to it have very poor resolution in the position.
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Figure 6 The impact of geometry of the receiver-transmitter on position precision

RAN1#112 made the following conclusion:

Conclusion
Geometry relating the UE and the TRPs (satellites) affects positioning accuracy for network verified UE location based on Multi-RTT.

Based on the above conclusion, we propose to consider the position dilution of precision (PDOP) [5] as a performance metric for the implementation of the multi-RTT based positioning method for the following scenarios: a single satellite in view and multiple satellite in view. With a single satellite in view, the arrangement of the satellite positions on the orbit (satellite geometry and how satellite positioning/anchoring points for positioning are spread) affects the accuracy of the positioning. The PDOP is a measure of the quality of derived positions based on the geometry of the virtual TRPs (corresponding to the satellite positions at which the Rx-Tx time difference measurements are performed) used as anchor points to compute the positioning. It 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. 

With the above in mind, we propose that the satellite positions (vTRP) at which the Rx-Tx time difference measurements will be performed are determined based on PDOP calculation at network side. Because the PDOP values are only functions of UE and future satellite positions (vTRPs), it may be used by the network (e.g. LMF and/or gNB) to ahead of time for a set of future satellite positions (to be used as TRPs) in view from a specified location (e.g. UE location and/or a reference point at the beam/cell; cell center for example).

Proposal 7:
For multi-RTT based positioning in NTN, the satellite positions (vTRP) at which the Rx-Tx time difference measurements will be performed are determined based on PDOP calculated at network side (e.g at LMF or gNB).

The Multi-RTT positioning performance is assessed by the network (e.g LMF or gNB or both) from a geometric perspective by using the PDOP to determine the vTRP positions and the appropriate time windows used for Rx-Tx time difference measurements during the satellite fly-by. The basic principle vTRP determination is as follows:
Once the UE is connected, the AMF triggers the location services request toward the LMF, then:
1. LMF calculates the PDOP before returning the UE location verification results to the AMF.
1. PDOP is calculated based on the UE reported GNSS location and/or a reference point within the cell/beam and future satellite positions (vTRPs) on the satellite orbit in case of single satellites that are appropriate for making accurate decisions.
1. By considering RTT measurement error of 200ns (resulting in a ranging error of 60m), and the target accuracy for position verification of 10km (as documented in clause « recommendations » of the 3GPP TR 38.882), the resulting position  Error = 10 000 m  =  PDOP x 60m. Thereby, the maximum acceptable PDOP value appropriate for making accurate decisions is equal to 166.
1. Pre-requisites: LMF should have the constellations  (or serving satellite) ephemeris data
1. If a good geometry (relating the UE and vTRPs) can be found. That is, suitable satellite anchor points for positioning that provide lower DOP values (maximizing the positioning accuracy) can be determined, the LMF will trigger the UE location verification procedures by initiating multi-RTT methods and providing the satellites anchor points for positioning to the NGRAN/UE.

LMF performs the UE location verification if the calculated DOP represents a level that marks the minimum appropriate for making accurate decision (sufficient for UE location verification). Otherwise, if the calculated DOP is high (> 166), the UE verification cannot be performed with sufficient accuracy. Thereby, the LMF will not perform the UE location verification and simply inform the AMF that the DOP is out of range. LMF returns the result to the AMF, the AMF can then take the necessary action.

For multi-RTT-based positioning in NTN, the maximum acceptable PDOP value appropriate for making accurate decisions is equal to 166

Assistance data for Multi-RTT positioning with single Satellite
Information to be transferred from the UE to LMF
As specified in clause 8.10.2.2 of TS 38.305, apart from the UE Rx – Tx time difference, the assistance data that may be signaled from UE to the LMF is listed in Table 5

Table 5 Information to be transferred from the UE to LMF [TS 38.305]
	Information

	PCI, GCI, and PRS ID, ARFCN, PRS resource ID, PRS resource set ID for each measurement

	DL-PRS-RSRP measurement

	UE Rx-Tx time difference measurement

	Time stamp of the measurement

	Quality for each measurement

	TA offset used by UE

	UE Rx TEG IDs, UE Tx TEG IDs, and UE RxTx TEG IDs associated with UE Rx-Tx time difference measurements 

	LOS/NLOS information for UE measurements 

	DL-PRS-RSRPP measurement

	The association of UE Tx TEG ID and SRS



As discussed in section 3, the anchor point (that is TRP position) for positioning in NTN should be located at the satellite. Thereby, for the RTT-based positioning it is enough to estimate only the distance between the satellite and the UE. This can be determined based on the estimated RTT on the service link.

Proposal 8: 
For multi-RTT based positioning in NTN, the UE should include the calculated  to the measurement results that need be transferred from UE to the LMF, 

Upon the receipt of LPP Request Location Information/Multi-RTT measurements from the LMF, the UE performs DL PRS measurements at different (consecutive) vTRP. Although the LMF may has already assisted the UE by indicating the vTRP positions or the time intervals at which the PRS should be measured based on vTRP determination using the GDOP, it is reasonable that the UE includes within the measurement result the position of the satellite at DL-PRS measurements for Multi-RTT.
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Figure 7 Information to be transferred from the UE to LMF in NTN

Proposal 9: 
For multi-RTT based positioning in NTN, the UE includes the position of the satellite when DL-PRS measurements are performed to the measurement results that need be transferred from UE to the LMF.

Information to be transferred from the gNB to LMF
As specified in clause 8.10.2.3 of TS 38.305 the assistance data that may be transferred from gNB to the LMF is listed in the following Table.

Table 6 Information to be transferred from the gNB to LMF [TS 38.305]
	Information 

	PCI, GCI, ARFCN and TRP IDs of the TRPs served by the gNB

	Timing information of TRPs served by the gNB

	DL-PRS configuration of the TRPs served by the gNB

	SSB information of the TRPs (the time/frequency occupancy of SSBs)

	Spatial direction information of the DL-PRS Resources of the TRPs served by the gNB

	Geographical coordinates information of the DL-PRS Resources of the TRPs served by the gNB

	TRP type

	On-demand DL-PRS information

	TRP Tx TEG association information



Because the reference point for TgNB-RX  and TgNB-TX used for the gNB Rx – Tx time difference measurement is located at the satellite payload (refer to section 4) which may be different from the reference point for uplink synchronization, it is necessary for the gNB to indicate to the LMF the value of TACommon at the time of gNB Rx – Tx time difference measurement is performed.

Further, as discussed in section 5 the gNB may need to provide the LMF with the ephemeris data in PVT state vector format or Keplerian format and associated epoch time.

Proposal 10: 
For multi-RTT based positioning in NTN, the following assistance data may be transferred from gNB to the LMF:
1. The value of TACommon when the gNB Rx – Tx time difference measurement is performed

Upon the receipt of NRPPa Measurement Request from the LMF, the gNB performs UL SRS measurements at different (consecutive) vTRP. Although the LMF may has already assisted the gNB by indicating the vTRP positions or the time intervals at which the SRS should be measured based on vTRP determination using the GDOP, it is reasonable that the gNB includes within the measurement report the position of the satellite at UL-SRS measurements for Multi-RTT.

Proposal 11: 
For multi-RTT based positioning in NTN, the gNB includes the position of the satellite when UL-SRS measurements are performed to the assistance data that may be transferred from gNB to the LMF.

As proposed in section 5, for RTT-based positioning in NTN with single satellite in view, based on GDOP calculation, the LMF determines the appropriate geometry and vTRP positions with the suitable time to perform Multi-RTT measurements. To this aim, in the response to NRPPa TRP INFORMATION REQUEST message the gNB indicate as part of TRP configuration information the serving satellite ID, cell/beam reference point. The LMF may have access (e.g. via O&M) to satellite ephemeris data, otherwise, it may trigger NRPPa Ephemeris INFORMATION REQUEST towards the gNB to retrieve ephemeris data in PVT state vector format or Keplerian format along with the associated epoch time.
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Figure 8 Information to be transferred from the gNB to LMF in NTN

Proposal 12: 
For multi-RTT based positioning in NTN, the gNB may provide the LMF with assistance data including:
1. Satellite ID
1. Cell/beam reference point
1. The ephemeris data in PVT state vector format or Keplerian format along with the associated epoch time.

Information to be transferred from the LMF to UE
The information that may be transferred from the LMF to the UE are listed in clause 8.10.2.1 of TS 38.305 and recopied in Table 7.

Table 7 Assistance data that may be transferred from LMF to the UE [TS 38.305]
	Information 

	Physical cell IDs (PCIs), global cell IDs (GCIs), and PRS IDs, ARFCNs of candidate NR TRPs for measurement

	Timing relative to the serving (reference) TRP of candidate NR TRPs

	DL-PRS configuration of candidate NR TRPs

	SSB information of the TRPs (the time/frequency occupancy of SSBs)

	PRS-only TP indication

	On-Demand DL-PRS-Configurations

	Validity Area of the Assistance Data



For RTT-based positioning in NTN, to perform the necessary DL-PRS measurements, the LMF may need to assist the UE by indicating the vTRP positions or the time intervals at which the PRS should be measured based on vTRP determination using the GDOP as discussed in section 5. This assistance data can be transferred to the UE using LPP Provide Assistance Data message as shown in Figure below:
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Figure 9 Information to be transferred from the LMF to UE in NTN

Proposal 13: 
For multi-RTT based positioning in NTN, the LMF indicates to the UE the vTRP positions or the time intervals at which the PRS should be measured.

Information to be transferred from the LMF to gNB
The Positioning Activation/Deactivation request information that may be signalled from the LMF to the gNB is listed in Table 8.

Table 8 Requested positioning activation/deactivation information that may be transferred from LMF to gNB [TS 38.305] .
	Information 

	SP UL-SRS:
	- Activation or Deactivation request
	- Positioning SRS Resource Set ID which is to be activated/deactivated
	- Spatial relation for Resource IDi
	- Activation Time

	Aperiodic UL-SRS
	- Aperiodic SRS Resource Trigger List
	- Activation Time

	UL-SRS:
	- Release all



For RTT-based positioning in NTN  with single satellite in view, the LMF provides the time and time period for aperiodic SRS activation based on the vTRP determined using the GDOP.
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Figure 10 Information to be transferred from the LMF to gNB in NTN

Proposal 14: 
For multi-RTT based positioning in NTN, the LMF indicates to the UE the vTRP positions or the time intervals at which the aperiodic SRS should be activated.

Resolving the mirror-position ambiguity
As discussed in previous RAN1 meetings, for UE location verification in case of single satellite, multi-RTT method cannot distinguish between the mirror positions on either side of the orbital plane and other input(s) is (are) required to resolve this ambiguity. In RAN1#112-bis, to resolve this issue, 6 options were down-selected (refer to section 8.1). 
Knowing the serving cell and by using spatial relation info such as DL-PRS Resource Set ID, it will be possible to distinguish between these mirror positions. except for the case where the serving cell is crossed by the orbital plane and other inputs such reported neighbor cells for example cannot help resolving the ambiguity. In such scenario, it might be beneficial to consider other enhancement. In this regards, we propose to support Doppler reporting in NTN, at least for a handheld UEs. As shown in Figure 4 𝑣 ⃗rad (radial velocity) could be determined by the LMF based on reported Doppler. a VSAT UE may simply report its beam pointing in respect to satellite beam line of sight. Reusing existing ECID method (e.g. combine UE neighbor measurements to solve the ambiguity between mirror positions) could be also considered. 
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Figure 11 Doppler reporting in NTN

The determination of the Angle of Arrival can be also used to the mirror-position ambiguity. In NR TN. the UE position can be estimated based on the Angle of Arrival (azimuth and/or elevation) of uplink radio signals (i.e. SRS) taken at different TRPs. along with other configuration information and by using assistance data received from the positioning server [2]. Measurement results that may be transferred from gNBs to the LMF using NRPPa are given by the following Table:

Table 9 Measurement results that may be transferred from gNBs to the LMF
	Measurement results

	NCGI and TRP ID of the measurement

	UL Angle of Arrival (azimuth and/or elevation)

	Multiple UL Angle of Arrival (azimuth and/or elevation)

	SRS Resource Type

	UL-SRS-RSRP

	UL-SRS-RSRPP

	Time stamp of the measurement

	Quality for each measurement

	Beam information for each measurement

	LoS/NLoS information for each measurement

	ARP ID of the measurement



In NR NTN. the Angle of Arrival (AoA) or Direction of Arrival (DoA) of the uplink poisoning signal (i.e. SRS) can be determined based on the AoA measurements from satellite Multi-Panel 2-D array. Different techniques for angle-based positioning can be used to estimate UE location depending on satellite antenna architecture and whether digital. analog or hybrid beamforming are used. 

Different techniques for angle-based positioning can be used to estimate UE location depending on satellite antenna architecture and whether digital. analog or hybrid beamforming are used.

UL-AoA can be determined from the difference of phase observed between adjacent antenna elements (AE). The basic principle for angle estimation is as follows: For each pair of AE. AoA is a plane perpendicular to the line joining the AE. with a theta angle. The intersection of AoA planes from a group of AE is theoretically a line. The intersection of this line with Earth surface is the location of the UE. 
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Figure 12 Difference of phase observed between adjacent antenna elements


The difference of phase between AE1 and AE2 : 

With  and  is the AOA of SRS 

Generally. the DFT beam method or MUltiple SIgnal Classification (MUSIC) are well known algorithms that can be used to estimate AoA.

The result of the UL-AoA based positioning is a point on Earth. with a certain angular accuracy.  Different defects may affect the angle estimation such as satellite beam pointing error. phase noise and defects due to all transformations (or operations) applied on the signals. from AE on board to the receiving base station on the ground. 

The result of the UL-AoA based positioning is a point on Earth. with a certain angular accuracy. Different defects may affect the angle estimation such as satellite beam pointing error. phase noise and defects due to all transformations (or operations) applied on the signals. from AE on board to the receiving base station on the ground.

The residual error on  will define the UE location accuracy performance. The angle to distance conversion (° to km) depends on the satellite altitude and the location of the UE within the satellite coverage i.e. UE elevation angle. The required angular accuracy to ensure a location accuracy of 10km is given by the following table for different orbits and for a UE located at the nadir and at 30° elevation.


Table 10 Required angular accuracy for location accuracy of 10km
	Required angular accuracy for location accuracy of 10km

	
	600Km
	1200km
	GEO

	At  nadir
	0.96°
	0.48°
	0.016°

	At 30° elevation
	0.28°
	0.15°
	0.008°



The main advantage of UL-AoA positioning method is the low latency. indeed position fixes can be produced almost instantaneously after making the measurements. Other advantages are: it can be used with only one satellite in visibility and its applicability in NGSO and GSO based NTN deployment.

The main advantage of UL-AoA positioning method is the low latency and its applicability for the GEO based NTN deployment


However. UL-AoA in NTN presents some major challenges:
· This technique maybe affected by several defects. Looking at the required angular accuracy shown in Table 5. it might be particularly challenging in practice to maintain the satellite beam pointing error under acceptable angular accuracy with a reasonable cost on the system design. 
· Other aspects to be considered is on the uplink coverage as the UE with a limited power budget needs to transmit SRS so that it is detectable within the geoloc cells/beams which are larger beam with unfavorable channel conditions.

From our perspective, to resolve the mirror-position ambiguity issue, multiple solutions can be adopted and used to when relevant. We therefore have the following proposal:

Proposal 15: 
The following solution are used to resolve the mirror positions ambiguity for multi-RTT positioning in NTN:
· Reuse existing ECID method (e.g. combine UE neighbor measurements to solve the ambiguity between mirror positions), with potential enhancements
· NR NTN UE should report the Doppler calculated on the service link
· a VSAT UE should report its beam pointing in respect to satellite beam line of sight
· Support and potentially enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning 


Conclusion
In this contribution. we made the following observations and proposals:

1. For RTT determination in NTN, with the combination of UE and gNB receive-transmit time difference measurements based on Alt1, the timing drift during   should be taken into account.
corresponds to the duration between the time of the reception of the PRS used for UE Rx-Tx time difference measurement at the UE and the time the SRS used for gNB Rx-Tx time difference measurement is received at the gNB.
Thereby, the RTT could be calculated as:

Where; 
And the UE should report the  and 
is the time duration between the PRS reception and SRS transmission at the UE

the accuracy of Alt1 is affected by the timing drift

the accuracy of Alt2 is not affected by the timing drift

For multi-RTT-based positioning in NTN, the maximum acceptable PDOP value appropriate for making accurate decisions is equal to 166

Different techniques for angle-based positioning can be used to estimate UE location depending on satellite antenna architecture and whether digital. analog or hybrid beamforming are used.

The result of the UL-AoA based positioning is a point on Earth. with a certain angular accuracy. Different defects may affect the angle estimation such as satellite beam pointing error. phase noise and defects due to all transformations (or operations) applied on the signals. from AE on board to the receiving base station on the ground.

The main advantage of UL-AoA positioning method is the low latency and its applicability for the GEO based NTN deployment


Proposal 1: 
For RTT measurement in NTN, support UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS.

Proposal 2: 
For RTT determination in NTN, support the combination of the following UE and gNB receive-transmit time difference measurements:
· UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference as defined in TS 38.215. 
Note: 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 (
FFS: the reporting range for the UE Rx-Tx time difference measurement 

Proposal 3:
In NTN, for uplink timing measurements (gNB Rx – Tx time difference, UL Relative Time of Arrival and Timing advance) and for uplink received power measurements (e.g. UL SRS reference signal received power), the reference point is within NTN payload RF. i.e. It should be defined as follows:
For reception :
· for SAN type 1-O: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna)
· for SAN type1-H: the Rx Transceiver Array Boundary connector.
For transmission:
· for SAN type 1-O: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
· for SAN type 1-H: the Tx Transceiver Array Boundary connector

Proposal 4:
Conclusion: The reference point for gNB transmit-receive timing measurement and the reference point for the calculated gNB_(Rx-Tx) used in the RTT determination do not need to be the same.

Proposal 5: 
For RTT determination in NTN, the gNB receive-transmit time difference at the uplink time synchronization reference point (UTSRP) should be known to the LMF.

Proposal 6: 
RAN1 to discuss the definition of the reference point uplink timing measurements (gNB Rx – Tx time difference, UL Relative Time of Arrival and Timing advance) and for uplink received power measurements (e.g. UL SRS reference signal received power) as a left over from Release-17 (to update TS 38.215). This essential correction should be discussed as part of Release-17 maintenance.  

Proposal 7:
For multi-RTT based positioning in NTN, the satellite positions (vTRP) at which the Rx-Tx time difference measurements will be performed are determined based on PDOP calculated at network side (e.g at LMF or gNB).

Proposal 8: 
For multi-RTT based positioning in NTN, the UE should include the calculated  to the measurement results that need be transferred from UE to the LMF, 

Proposal 9: 
For multi-RTT based positioning in NTN, the UE includes the position of the satellite when DL-PRS measurements are performed to the measurement results that need be transferred from UE to the LMF.

[bookmark: _GoBack]Proposal 10: 
For multi-RTT based positioning in NTN, the following assistance data may be transferred from gNB to the LMF:
1. The value of TACommon when the gNB Rx – Tx time difference measurement is performed

Proposal 11: 
For multi-RTT based positioning in NTN, the gNB includes the position of the satellite when UL-SRS measurements are performed to the assistance data that may be transferred from gNB to the LMF.

Proposal 12: 
For multi-RTT based positioning in NTN, the gNB may provide the LMF with assistance data including:
1. Satellite ID
1. Cell/beam reference point
1. The ephemeris data in PVT state vector format or Keplerian format along with the associated epoch time.

Proposal 13: 
For multi-RTT based positioning in NTN, the LMF indicates to the UE the vTRP positions or the time intervals at which the PRS should be measured.

Proposal 14: 
For multi-RTT based positioning in NTN, the LMF indicates to the UE the vTRP positions or the time intervals at which the aperiodic SRS should be activated.

Proposal 15: 
The following solution are used to resolve the mirror positions ambiguity for multi-RTT positioning in NTN:
· Reuse existing ECID method (e.g. combine UE neighbor measurements to solve the ambiguity between mirror positions), with potential enhancements
· NR NTN UE should report the Doppler calculated on the service link
· a VSAT UE should report its beam pointing in respect to satellite beam line of sight
· Support and potentially enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning 


Appendix
RAN1#112 and RAN1#112bis agreements
The following agreement was made at RAN1#112bis:

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



The following agreements and conclusion were made at RAN1#112:

Agreement
Existing DL/UL reference signals for positioning are used for supporting Network verified UE location in NTN. 
FFS: Whether some enhancements on these reference signals are needed for NTN

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

Agreement
Select one (or more) of the following options for enhancing UE Rx-Tx time difference in NTN
Option 1: The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP.
For a Transmission Point 
· TUE-RX is the UE received timing of downlink subframe #i from this Transmission Point (TP), defined by the first detected path in time.
· TUE-TX is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP
· One or multiple DL RS for positioning, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
Option 2:
· For RTT measurement in NTN, support UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS. 
· FFS: details of report and the definition of UE Rx-Tx time difference    
Option 3: 
The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on one of the following options: 
· Option 3-1: This offset is reported as the nearest integer value in the unit of milliseconds by rounding the time difference of transmit timing of uplink subframe #i and receive timing of downlink subframe#i
· Option 3-2: UE report the index of the subframe j that is closest in time to the subframe #i received from the TP and LMF can derive the offset
· Option 3-3: TA report which corresponds to the time difference of received timing of downlink subframe #i and transmit timing of uplink subframe#i rounding up to slot granularity.
Option 4: 
· UE Rx – Tx time difference TUE-RX – TUE-TX  can be directly derived from timing advance TTA 
· FFS: the granularity and the reporting range of TA.
· Note: This implies that the existing framework for Multi-RTT positioning report can be used without need to specify a new TA report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account

Agreement
Select one (or more) of the following options for the enhancement of gNB Rx-Tx time difference in NTN
Option 1: 
· The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:
For a Transmission Point 
· TgNB-RX is the Transmission and Reception Point (TRP) 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 the downlink subframe corresponding to uplink subframe #i received from the UE
· Multiple SRS resources can be used to determine the start of one subframe containing SRS.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
Option 2:
· For RTT measurement in NTN, support gNB report of gNB Rx-Tx time as defined in 38.215 with the following change:
· Only the SRS resource starting within a subframe can be used to determine the start of the subframe. 
Option 3: 
· Keep the current gNB Rx-Tx definition, and report an offset which can covers the time duration corresponds to kmac if needed.
Option 4:
· For RTT measurement in NTN, support gNB report that indicates the time difference between the transmit time of a DL RS for positioning and the arrival time of an SRS. 

FFS: details of report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account

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 positioningOther solutions are not precluded

Conclusion
Geometry relating the UE and the TRPs (satellites) affects positioning accuracy for network verified UE location based on Multi-RTT.
Outcomes of RAN1 study on network verified UE location 
During the study carried out in RAN1 on the potential solutions for the network verified UE location, the following the conclusions were made:

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.
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