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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN# 112, a couple of agreements have been achieved on network-verified location for NR NTN [1].
In this contribution, we provide our considerations to support Multi-RTT positioning assuming a single satellite in view. 

Reference point for definition of gNB Rx-Tx time difference measurement
In RAN#112, multiple options are proposed for the position of the reference point in the definition of gNB Rx-Tx time difference measurement. 
	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



Option 1 suggests that the position of the reference point should be onboard the satellite. This option only applies for the regenerative satellite, where gNB is implemented in the regenerative payload onboard to transmit and receive signals. As for transparent satellite, which only filters, amplifies and changes the frequency carrier of signals, actual gNB Rx-Tx time difference measurements still need to be measured by gNB on the ground. Option 2 proposes to employ the uplink time synchronization reference point for Rx-Tx time difference measurements. As shown in Figure 1, the uplink time synchronization reference point is a virtual point where DL and UL are frame aligned with an offset given by  and cannot actually perform any measurements. If either Option 1 or Option 2 is used as the reference point for the definition of Rx-Tx time difference, the Rx-Tx time difference measurements still need to be derived from the measurements performed at gNB. This seems more complicated, which obviously will introduce unnecessary inconvenience. Therefore, Option 3, which can cover Option 1 in the scenario of regenerative satellite and applies for the scenario of transparent satellites, is preferable. As UE location calculated is based on RTT between satellite and UE, we can define that the reference point for RTT calculation for UE location verification is onboard the satellite.
Proposal 1: Option 3 is adopted, i.e. the reference point for definition of gNB Rx-Tx time difference measurement is on the gNB.



[bookmark: _Ref130473770]Figure 1 relationship of RTTs between UE and satellite/gNB/reference point

Enhancements to Rx-Tx time difference measurements
In multi-RTT positioning for NTN, UE measures the time difference (Rx-Tx) of downlink signals from the same satellite at different time occasions, which correspond to different locations of the same satellite, while the corresponding Rx-Tx time difference at the satellite are measured by gNB. The corresponding measurements are typically used to determine RTTs at the positioning server, i.e., LMF, which are further used to estimate the location of the UE together with the coordinates of the satellite at different measurement occasions. 
Therefore, some enhancements are essential for the single-satellite based location verification compared with TN positioning. In this section, necessary enhancements to Rx-Tx time difference measurements in multi-RTT positioning are analyzed to support UE location verification for NR NTN.

[bookmark: _Ref131405057]UE Rx-Tx time difference measurement
[bookmark: _Hlk130505372]In TN, UE Rx-Tx time difference is defined in [2] as:
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) [18], 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.

In [3], the report mapping and reporting range of UE Rx-Tx time difference in TN are defined as:
The reporting range for the absolute UE Rx-Tx time difference measurement (TUE Rx-Tx) is defined from -985024Tc to 985024Tc with the resolution step of 2kTc, where: 
Tc is defined in TS 38.211 [6], 
kmin≤k≤kmax, 
kmin=[2] and kmax=5, when at least one of the PRS and the SRS resources configured for TUE Rx-Tx is in FR1,
kmin=0 and kmax=5, when both PRS and SRS resources configured for TUE Rx-Tx are in FR2,
k≥ timingReportingGranularityFactor [34] configured by LMF via LPP for the UE Rx-Tx time difference measurement.

In RAN#112, multiple options for enhancing UE Rx-Tx time difference in NTN are provided: 
	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



Option 1 suggests to measure the time difference between the received timing of downlink subframe  and transmit timing of uplink subframe , which is equivalent to measuring TA applied at UE for subframe . Besides changing the current definition of UE Rx-Tx time difference, Option 1 will result in an excessively large reporting range of UE Rx-Tx time difference to accommodate the maximum value of TA which is up to 1024msec in NTN, in companion with significant overhead caused by the resolution step .
Option 2 is defined to measure the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS. However, the issue of Option 2 is that the reported Rx-Tx time difference depends on which PRS and SRS are explicitly coupled for measurement. Depending on the time gap between the PRS and SRS, the reported Rx-Tx time difference would be quite large. 
In TS 38.133 [3], requirements for UE Rx-Tx time difference measurements are given by:
The requirements in clause 9.9.4 apply for periodic and triggered UE Rx-Tx time difference measurements, provided:
-	UE Rx-Tx time difference measurement related side conditions given in clause 10.1.25 are met for a corresponding band. 
-	SRS is configured on at least one of the PCell, PSCell and SCell. 
-	The UE transmits SRS within [-160, 160] msec of at least one DL PRS resource of each of the TRPs in the assistance data.


To satisfy the requirements of UE Rx-Tx time difference measurements, UE is asked to transmit SRS within [-160, 160] msec of a slot where receiving PRS. Therefore, optimally, Option 2 has the similar issues as Option 1, except that the  maximum value of UE Rx-Tx time difference is extended to 160msec.
Option 4 suggests to directly report calculated timing advance TTA and reports it in the form of UE Rx-Tx time difference. As discussed in [4], apart from the fact that location information such as TTA estimated via GNSS cannot be directly regarded as reliable and trusted, corresponding information is vulnerable to spoofing and their transmission raises security and privacy issues. Moreover, same as Option 1, Option 4 will also result in an excessively large reporting range of UE Rx-Tx time difference to accommodate the maximum value of TA with significant overhead caused by the resolution step , whereas TA is currently reported in the unit of slots as specified in [5].
Observation 1: Options 1, 2 and 4 for enhancement will result in an excessively large reporting range of UE Rx-Tx time difference to accommodate the maximum value, in companion with significant overhead caused by the resolution step .

Among the different flavors of Option 3, Option 3-1 reports the time difference measurement via an offset and the remaining value, i.e., the legacy R17 UE Rx-Tx time difference, as illustrated in Figure 2(a), such that signaling overhead can be saved. In particular, the offset can be reported not only as the nearest integer to the time difference measurement in the unit of milliseconds, but also as the subframe difference between uplink subframe # and uplink subframe #, where uplink subframe # is the closest in time to the downlink subframe #. 
When transmitting the time difference between UL subframe # and UL subframe # via subframe difference rather than exact timing measurement, the positioning accuracy might be impacted due to the open loop TA pre-compensation in transmitting uplink subframes # to #, however the change of TA is generally marginal during it and the purpose of UE location verification can still be met under the loose accuracy requirement of 5-10km. The impact due to TA changes is discussed in section 3.3. 
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(a) illustration of Option3-1 for enhancement of UE Rx-Tx time difference
[image: ]
(b) illustration of Option 3 for enhancement of gNB Rx-Tx time difference
[bookmark: _Ref130481875]Figure 2 illustration of offsets for multi-RTT based location verification in NTN
It is worth remaking that Option 3-2 is similar to Option 3-1 with index of the subframe # to calculate the offset and possesses the same benefits of keeping the legacy definition of UE Rx-Tx time difference and report mapping. 
Observation 2: For enhancing UE Rx-Tx time difference, Option 3-1 and Option 3-2 possess the same benefits of keeping legacy R17 definition of UE Rx-Tx time difference and report mapping. 
Proposal 2: For enhancing UE Rx-Tx time difference in NTN, keep the legacy R17 definition of UE Rx-Tx time difference with an offset that is determined based on subframe difference between uplink subframe # and uplink subframe #.

As for Option 3-3, it needs to firstly measure the TA corresponding to the time difference between the received timing of downlink subframe  and transmit timing of uplink subframe , and then coverts the measurement to an offset with slot granularity. Whereas the remaining value, obtained via subtracting the offset in the unit of slots from TA, no longer follows the legacy definition of UE Rx-Tx time difference, which is required to be measured between downlink subframe # and its closest uplink subframe #. Hence, UE Rx-Tx time difference of Option 3-3 does not follow the legacy R17 definition and is not viable for Option 3.

gNB Rx-Tx time difference measurement
In TN, gNB Rx-Tx time difference is defined in TS 38.215 [2] as :
The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:
TgNB-RX is the Transmission and Reception Point (TRP) [18] 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 report mapping and reporting range of gNB Rx-Tx time difference are defined in [3] as:
The reporting range of gNB Rx-Tx time difference, as defined in Clause 5.2.3 of TS 38.215 [4], is defined from -985024Tc to +985024Tc. The reporting resolution is uniform across the reporting range and is defined as T = Tc*2k where k is selected by gNB from the set {0, 1, 2, 3, 4, 5}.

In RAN#112, multiple options for enhancing gNB Rx-Tx time difference in NTN are provided:
	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



Same as Option 1 and Option 2 for enhancing UE Rx-Tx time difference, Option 1 and Option 4 for enhancing gNB Rx-Tx time difference will also result in a large reporting range with significant reporting signaling overhead caused by the resolution step .
Observation 3: For enhancing gNB Rx-Tx time difference, Option1 and Option 4 are not preferred due to the excessively large reporting range to accommodate the maximum value and significant overhead with the resolution step .

Option 2 actually indicates to only report the legacy definition of gNB Rx-Tx time difference with the enhancement of using only the SRS resource within a subframe to determine the start of the subframe. However, if the legacy definition and reporting range of gNB Rx-Tx time difference is kept with just the modification that only the SRS resource starting within a subframe can be used to determine the start of the subframe, it is not clear how to use this value to figure out the quite large RTT in NTN, which will vary from a few to several tens of, even hundreds of milliseconds. 
Observation 4: It is not clear on how Option 2 is used to derive the quite large RTT in NTN. 

As for Option 3, the legacy R17 gNB Rx-Tx time difference is kept, and only an offset, as shown in Figure 2(b), is transferred to the LMF to cover the impact resulted from kmac such that the signaling overhead can be saved. This Option 3 shall be also used jointly with Option 3-1/3-2 of UE Rx-Tx time difference to figure out the RTT between a satellite location and the UE. Further details are provided in section 3.3.
Proposal 3: Support Option 3 to enhance gNB Rx-Tx time difference via keeping the current gNB Rx-Tx definition and additionally reporting an offset to cover kmac.

How to jointly use UE Rx-Tx time difference and gNB Rx-Tx time difference measurement
In RAN1#112, only different options for UE Rx-Tx difference and gNB Rx-Tx time difference are listed. However, it is import to discuss how the proposed option of UE Rx-Tx time difference and gNB Rx-Tx time difference are utilized jointly to figure out the different RTT values between different satellite locations and the UE location. It does not make sense to solely discuss which option is adopted without details on how to use them to figure out RTT.
[image: ]
[bookmark: _Ref131427817]Figure 3 RTT calculation with enhancements in UE/gNB Rx-Tx time difference.
Figure 3 shows how to combine Option3-1 in enhancement of UE Rx-Tx time difference with Option 3 in enhancement gNB Rx-Tx time difference enhancement for RTT calculation. 
In particular, to show the Option 3-1 in the figure, on UE side, besides following legacy UE Rx-Tx time difference to obtain TUE-RX – TUE-TX based on DL subframe # , where the DL PRS/CSI-RS is received, and its closest UL subframe # as shown in Figure 3, UE needs to additionally report the subframe difference between UL subframe # and UL subframe #, i.e., . The sum of TUE-RX – TUE-TX and  is equal to the TA applied at UE for subframe # and is represented as TA1 here. 
At the gNB side, to show the Option 3 of gNB Rx-Tx time difference, in addition to reporting the legacy gNB Rx-Tx time difference TgNB-RX – TgNB-TX based on UL subframe #, where the SRS is received, and its closest DL subframe #, an additional offset  to denote the subframe difference between DL subframe # and DL subframe # should be also transferred to the LMF. As demonstrated in Figure 4, assuming TA applied for UL subframe # as TA2, then the RTT between gNB and UE can be represented as Kmac + TA2, i.e.:
RTT = (  + TgNB-RX – TgNB-TX ) + TA2.
[image: ]
[bookmark: _Ref131668606]Figure 4 RTT between gNB and UE based on subframe #
The applied value of TA2 on subframe #l may not be exactly known by gNB and LMF. However, TA2 can be figured out by using the UE reported   and TUE-RX – TUE-TX :
TA2 = TA1 + (TA2-TA1) =  + TUE-RX – TUE-TX + ∆TA,
where ∆TA = (TA2-TA1).
Therefore, finally, the RTT between gNB and UE can be obtained by:
[image: ]
where:
·  and TgNB-RX – TgNB-TX are the quantities reported by Option 3 of gNB Rx-Tx time difference for NTN;
·   and TUE-RX – TUE-TX are the reporting metrics in Option 3-1 of UE Rx-Tx time difference for NTN;
· ∆TA is the applied TA change/difference between the two timing advance applied on subframe#i and subframe#l.
Regarding the TA difference, since in TS 38.133 [3], the requirement regarding SRS transmission requires that the SRS needs to be transmitted within 160msec of receiving a PRS. 
	-	The UE transmits SRS within [-160, 160] msec of at least one DL PRS resource of each of the TRPs in the assistance data.


Within 160ms time duration, the change of TA between the two associated subframes for positioning is actually marginal, e.g., less than 200ns under the simulation assumption in [6]. Therefore, for NTN, it can be considered that only the DL-RS and SRS within certain time duration, e.g. within 160ms, can be used for location verification. 
TA difference, i.e., (TA2-TA1), can be also optionally reported by UE to the LMF if desired, e.g. higher accuracy is desired or there is no restriction on the combined UE Rx-Tx difference and gNB Rx-Tx difference.
Proposal 4: For RTT calculation between UE and gNB, quantities in Option3-1 of UE Rx-Tx time difference and quantities in Option 3 of gNB Rx-Tx time difference are reported to LMF to obtain the RTT between gNB and UE, and the TA difference corresponding to measured subframes can be optionally reported from UE if needed.

As illustrated in Figure 1, to estimate UE location, RTT between UE and the satellite can be obtained via subtracting the feeder link latency and satellite processing time from the RTT between UE and gNB. 

Assistance data to be transferred 
Mirror position issue 
One issue associated with the UE location verification assuming a single satellite is that the estimated UE location might lie at two points that are symmetric about satellite’s orbit. To overcome this issue, several options have been proposed in RAN#112. 
	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



Option 1 suggests to measure the angle of arrival or use beamforming together with neighbor measurements by gNB or LMF implementation. Furthermore, since there is no need to transfer an explicit angle of arrival to the LMF to resolve the ambiguity of mirror position, a single bit, indicating the left side or the right side of UE with respect to the orbital plane, can be employed and transferred from gNB to the LMF to save resource overhead.
Proposal 5: The issue of mirror position can be resolved at least via using beamforming by gNB’s implementation as proposed in Option 1, and a single bit, indicating the left side or the right side of UE position with respect to the orbital plane, can be transferred from gNB to the LMF to resolve the ambiguity of mirror position. 

Option 2 suggests to additionally report neighbor measurements, which is not support by current ECID method. Moreover, as being susceptible to the change of channel, measurements such as RSRP and RSRQ are less correlated with geographical positions and thus are not a good indicator especially for UEs located near satellite’s orbit. As a cell served by a satellite varies from tens of kilometers to hundreds of kilometers, which is much larger than 5~10km accuracy for UE location verification, reporting cell coverage information as proposed in Option 5 cannot resolve the mirror position issue. Based on the description in [7], reflector antenna, which is not applicable for AoA based positioning, is the common assumption for satellites in 3GPP such that Option 6 is not an appropriate solution at this moment. 
Observation 5: Relying on Options 2, 5 and 6 to report additional measurements cannot resolve the mirror position issue. 

Since parameters, such as satellite velocity, elevation angle, used for calculating Doppler in [4] are the same for UEs that are located symmetrically about satellite’s orbit, Doppler as proposed in Option 3 cannot tackle the mirror position issue. 
Observation 6: Since Doppler is the same for UEs located symmetrically about satellite’s orbital plane, reporting calculated Doppler from UE as proposed by Option 3 cannot resolve the mirror position issue. 

Option 4 only works for a VSAT UE, and is not suitable for other UE types such as handheld equipped with omnidirectional antenna lacking beam pointing. 
Observation 7: To resolve the mirror position issue, Option 4 only works for a VSAT UE and is not viable for other UE types lacking beam pointing. 

Ephemeris of the satellite
In terrestrial networks, geographical coordinates of TRPs are typically required to be transferred from gNB to the LMF as the assistance data when determining UE location. In NTN, as UE position is estimated via RTT between UE and satellites, ephemeris of the satellite, especially the ones associated with the transmit timing and received timing at UE/gNB, are needed in verifying UE’s location. Ephemeris in the scenario of transparent satellite is also essential in calculating the feeder link latency, which is essential to derive the actual propagation time of signals between UE and the satellite.
It also makes sense that UE itself can figure out the satellite’s coordinates based on the broadcast ephemeris when transmitting and receiving the corresponding subframes, and transfer them together with UE Rx-Tx time difference measurements to the LMF. 
Proposal 6: Support one of the following alternatives:
· Alt.1: transfer ephemeris of satellites with respect to transmit timing and received timing from gNB to the LMF;
· Alt.2: support transferring satellites’ coordinates with respect to transmit timing and received timing from UE to the LMF. 

Feeder link latency and common TA
In multi-RTT positioning, if gNB/UE Rx-Tx time difference measurements are reported to LMF, only RTT between gNB and UE can be determined. However, since UE position is estimated via RTT between UE and satellites in NTN, the feeder link latency and satellite processing time, which are parts of RTT between UE and gNB, should also be deducted from the RTT between UE and gNB with transparent satellites.  
Proposal 7: Feeder link latency as well as satellite processing time should be taken into account when estimating UE’s location in NTN with transparent satellite.

Conclusion
In this contribution, network-verified UE location in NTN is discussed. The observations and proposals are summarized in the following.
Observation 1: Options 1, 2 and 4 for enhancement will result in an excessively large reporting range of UE Rx-Tx time difference to accommodate the maximum value, in companion with significant overhead caused by the resolution step .
Observation 2: For enhancing UE Rx-Tx time difference, Option 3-1 and Option 3-2 possess the same benefits of keeping legacy R17 definition of UE Rx-Tx time difference and report mapping. 
Observation 3: For enhancing gNB Rx-Tx time difference, Option1 and Option 4 are not preferred due to the excessively large reporting range to accommodate the maximum value and significant overhead with the resolution step .
Observation 4: It is not clear on how Option 2 is used to derive the quite large RTT in NTN. 
Observation 5: Relying on Options 2, 5 and 6 to report additional measurements cannot resolve the mirror position issue. 
Observation 6: Since Doppler is the same for UEs located symmetrically about satellite’s orbital plane, reporting calculated Doppler from UE as proposed by Option 3 cannot resolve the mirror position issue. 
Observation 7: To resolve the mirror position issue, Option 4 only works for a VSAT UE and is not viable for other UE types lacking beam pointing. 

Proposal 1: Option 3 is adopted, i.e. the reference point for definition of gNB Rx-Tx time difference measurement is on the gNB.
Proposal 2: For enhancing UE Rx-Tx time difference in NTN, keep the legacy R17 definition of UE Rx-Tx time difference with an offset that is determined based on subframe difference between uplink subframe # and uplink subframe #.
Proposal 3: Support Option 3 to enhance gNB Rx-Tx time difference via keeping the current gNB Rx-Tx definition and additionally reporting an offset to cover kmac.
Proposal 4: For RTT calculation between UE and gNB, quantities in Option3-1 of UE Rx-Tx time difference and quantities in Option 3 of gNB Rx-Tx time difference are reported to LMF to obtain the RTT between gNB and UE, and the TA difference corresponding to measured subframes can be optionally reported from UE if needed.
Proposal 5: The issue of mirror position can be resolved at least via using beamforming by gNB’s implementation as proposed in Option 1, and a single bit, indicating the left side or the right side of UE position with respect to the orbital plane, can be transferred from gNB to the LMF to resolve the ambiguity of mirror position. 
Proposal 6: Support one of the following alternatives:
· Alt.1: transfer ephemeris of satellites with respect to transmit timing and received timing from gNB to the LMF;
· Alt.2: support transferring satellites’ coordinates with respect to transmit timing and received timing from UE to the LMF. 
Proposal 7: Feeder link latency as well as satellite processing time should be taken into account when estimating UE’s location in NTN with transparent satellite.
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