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Introduction
In RAN1#112, the following agreements on network verified UE location were made [1]:
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
· [bookmark: _Hlk131512410]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 positioning.
· Other solutions are not precluded

In RAN1#112bis-e [2], it was agreed to study the UE and gNB RX-TX time differences as in the flowing:
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.

 In this contribution, we discuss the accuracy of different options of UE and gNB RX-TX time difference measurements and aspects of reporting procedure for single-sat RTT based verification of UE location. We also discuss the feasibility of single-sat TDOA, and the advantages of using multiple satellites for network verification of UE location in NTN. Simulation results for both single and multiple satellite cases are included. 
[bookmark: _Ref473802466][bookmark: _Ref462669569]Single-Sat Multi-RTT
RTT can be measured by UE reporting the RX-TX time difference between a DL reference signal and an UL reference signal as shown in Figure 1. In Figure 1(a), UE sends an SRS after receiving the DL RS from the network and reports the time difference between the DL RS and the SRS. In such case, an RTT measurement, RTT_m is calculated as  T2-T1.    In Figure 1 (b), the SRS is sent before a DL RS and the time difference between the SRS and the DL RS is reported. In such case, RTT_m is calculated as T1-T2.  



Figure 1. RTT measurement based on RX-TX time differences at UE and gNB.
The above mechanism is used in TN and can also be used in NTN where satellites are moving. Implementation of the above mechanism, however, could be different due to the following differences between TN and NTN with LEO satellites:
· Subframe duration at UE is constant in TN but time varying in NTN with LEO satellites. In NTN, the duration of a received DL subframe for 15 KHz SCS can be up to 50 ns longer or shorter than 1 ms and the duration of a UL subframe can also be up to 50 ns longer or shorter than 1 ms. When the DL subframe duration is longer than 1 ms the UL subframe duration will be shorter than 1 ms. Note that the maximal and the minimal subframe duration above assumes 0 degree elevation angles for the satellite seen by both UE and gateway. 
· In TN, UE TA tends to be constant without network TA command and UE autonomous TA adjustment. The latter in TN is not expected to happen frequently. In NTN with LEO satellites, UE TA can vary up to 100 ns from one subframe to the next. 

For NTN, the RTT_m is obtained as the sum of two propagation delays at different times in Figure 1, i.e., t0 and t1. For verification of UE location, the so-obtained RTT_m can be an approximate of the RTT at time (t0+t1)/2, i.e., 
                      

The error, |RTT(, by considering both satellite movement and earth rotation is shown to be less than 3 ns when the t1-t0 is less than 200 ms [3].

Unlike in TN where the gNBs are assumed stationary, the high-speed movement of the satellite is exploited to find or verify the UE location. As such, an RTT measurement in NTN needs to be accurately time stamped. Depending on the elevation angle, the difference between the two RTTs at 1ms apart can be up to 100 ns. In the example shown in Figure 1 for NTN, t0, t1, T1, and T2 need to be provided to the LMF to find a RTT and its associated time.

For gNB RX-TX time difference, the time duration of a subframe at the reference point is known to the network. As such Option 2 with the time stamp of SRS is equivalent to Option 4 as shown in Figure 2. In Figure 2, the duration between subframe i and subframe j is known to the Network and LMF as long as indices i and j are known.




Figure 2. Option 2 and Option 4 for the definition of the gNB RX-TX time difference.

Observation 1: For the definition of gNB RX-TX time difference, Option 2 with the time stamps using the subframe indices of the SRS and PRS is equivalent to Option 4. 


 It is clear that Alt 2 and Alt 3 for the UE and gNB RX-TX time difference combination provide LMF the needed information for RTT calculation without any error if the measurements are perfect.

Below, we discuss Option 1 and Option 3 for the definition of UE RX-TX timing difference.

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-1 UE RX-TX time difference is effectively the TA of subframe #i. If a UE RX-TX time difference report is not tied to an SRS transmission, the error can be far larger than the required accuracy for single-sat multi-RTT based network verification of UE location. For instance, the maximal UL transmit timing error for 15 kHz SCS can be  up to 29*64*Tc, or about 944 ns. Such a large error does not allow location verification with 10 km accuracy in NTN. 

If Option-1 UE RX-TX time difference is to be measured with respect to an actual SRS transmission, then there will be an error in the UE received timing of downlink subframe #i, which include the measurement error of PRS, ephemeris propagation error, and GNSS error. This is because the arrival time of subframe #i is predicted based on PRS arrival times before the SRS transmission, the ephemeris propagation, and UE GNSS location. The direct dependency on UE GNSS accuracy makes this design less desirable.
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Figure 3. RTT measurement error using a TA report of an SRS and the associated gNB RX-TX time difference. UE report based on calculated arrive time of slot #i which depends on previous PRS measurement, ephemeris propagation, and UE GNSS.
Observation 2: For Option 1 of the definition of UE RX-TX time difference
· If the measurement is not tied to an SRS transmission, the measurement error can be up to 944 ns for 15 KHz SCS according to the existing UL transmit timing requirements.
· If the measurement is tied to an SRS transmission, there exists an error that depends on UE GNSS accuracy. 

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.

The legacy R17 definition of RX-Tx time difference is illustrated as in Figure 3 [4].  The difference of  #i and #j in NTN can be up to 20 for LEO satellites. In addition, noting that the DL and UL subframe durations at UE are unknown to the LMF, the error between the derived TA based on Option 3 UE RX-TX time difference and the true TA of subframe #i can be large. 

To illustrate the issue of Option 3, let’s take an example as shown in Figure 4 and assume the following:
· Perfect downlink synchronization and UL transmit timing.
· The true TA of subframe #i, i.e., the time duration between DL subframe #i  and UL subframe#i is 19.9 ms.  
· The elevation angle during the period of concern is constant and the DL subframe duration is 999.95 ms and hence UL subframe duration is 1000.05 ms.

Since the time duration of 19 UL subframes is 20*1000.05=20001 ms, j=i+20 in the figure and the legacy UE RX-TX time difference is 
TUE_RX-TX=20001 – 19900= 101 ms
Similarly, it can be calculated that h=i-20 and the time difference between downlink subframe #h and UL subframe #i is 99  ms  in the figure. For the above example, the offset will be 20 for all the three sub options. However, the relation ship between the TA of subframe #i, 19.9 ms, and the reports, TUE_RX-TX and the offset, is unclear unless the slot durations are known. 

As can be seen from the above, option 3 introduces additional errors even when the measurements were made without any error. 

Observation 3:  Option 3 of UE RX-TX time difference is not suitable for RTT measurement unless the slot durations at UE are known to the LMF. 





Figure 4. Option 3 of UE RX-TX time difference.



From the above, it is clear that Alt-1 is not suitable for RTT measurement in NTN. Also, the gNB RX-TX time difference measurements can only be made based on one SRS transmission. 

Proposal 1: For RTT determination in NTN, support Alt-2 combination of UE and gNB RX-TX time difference measurements:
· A new type of UE RX-TX time difference 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 format
· Legacy gNB RX-TX time difference with the following change
·  The start of the uplink subframe #i is determined by the received SRS resource that starts within the subframe. 
· 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.

 


Since RTT varies quickly with time for LEO satellites, UE and gNB RX-TX time difference reports need to be coupled at LMF to allow the calculation of RTT. As a comparison, UE and gNB RX-TX time difference measurements are decoupled in TN, i.e., UE and gNB have the freedom to choose the PRS and SRS for RX-TX timing difference measurements. 

Observation 4: For single-sat multi-RTT in NTN, the UE RX-TX time difference and the gNB RX-TX time difference used to derive an RTT must be coupled, e.g., both are based on one SRS.


Mechanisms to allow coordinated gNB and UE measurements and reports of RX-TX time difference need to be studied. For single-sat multi-RTT, LMF makes the decision on the measurement time window and the number of measurements to be provided. And UE and gNB must coordinate on which SRS to be measured. 

Proposal 2: To study the following:
· Signaling from LMF to indicate the measurement window and the minimal number of measurements to be reported.
· Mechanisms to enable coordinated UE and gNB RX-TX time difference measurements.


In the above discussion, we have assumed that the measurements are made based on the beginning of a subframe although both SRS and PRS may not start at the beginning of a subframe. The beginning of a subframe that contains an SRS or PRS may not be known due to the code Doppler. For instance, the beginning of a subframe that contains a PRS at the end may differ by up to 50 ns depending on if the UE considers the Doppler in the calculation. For better accuracy, the derivation of the time of the beginning of a subframe based on received PRS and SRS needs to be defined and known to all parties. One way is to derive the beginning of a subframe based on the received signal and assume 0 Doppler as shown in Figure 5.



Figure 5. The actual arrival time of a subframe vs the calculated arrival time assuming 0 Doppler.

[bookmark: _Hlk131597027]Proposal 3. For UE and gNB RX-TX measurements in NTN, the time of the beginning of a subframe is determined by assuming zero Doppler for symbols before the DL-RS or SRS for positioning in the subframe.


Since gNB subframe duration is a constant, existing gNB RX-TX time difference definition can be reused except that only the SRS resource that starts within the subframe can be used to determine the start of the subframe.


The reference point for gNB RX-TX time difference measurement have been discussed and several options were proposed. However, the gNB RX-TX time difference definition assumes measurement point where DL and UL are SFN aligned up to an offset NTA, offset. In NTN, SFN alignment between DL and UL is only guaranteed at UL synchronization reference point. In addition, existing UL transmit timing requirements are defined with reference to UL synchronization reference point. Introducing a different reference point for gNB RX-TX time difference will complicate the testing of UE requirements. 

Proposal 4: For gNB RX-TX time difference measurement, the reference point is the UL synchronization reference point.


Single-Sat TDOA
DL-TDOA with a single satellite has already been studied. It has shown that DL-TDOA has a worse geometry as compared to RTT for UE location verification:
· Single-sat DL-TDOA is more sensitive to measurement error.
· Single-sat DL-TDOA requires much longer measurement time.

In addition, the feasibility of single-sat DL-TDOA is questionable due to the following two issues
· UE clock drift
· Dependency of UE time measurement on UE assumed GNSS 

If UE measures the time with a clock that runs independently with the DL signal, clock drift needs to be considered. Assuming a 0.01 ppm drifting rate, the measurement error could be up to 1 ms for a time duration of 10 s.  Such a large measurement error will lead to UE location error beyond 10 km range. In Figure 6, the achievable location accuracy based on DL-TDOA with a single satellite is shown. As can be seen from the figure, even with a 0.01 ppm clock drift and without any other measurement errors, the location error can be more than 10 km.
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Figure 6. Location contour using DL-TDOA measurements.

If the clock used for time measurement is synchronized to DL signal. The resultant time measurement depends on the GNSS location. Let’s assume that the carrier frequency be fc and, for simplicity, the Doppler in a duration of two consecutive DL PRS transmissions be constant. If the clock is synchronized to the DL signal, UE will see exactly fc DL signal ticks during the duration of two PRS arrivals that are transmitted exactly 1 second apart. Consequently, the UE measure the time gap of two PRS arrivals as

where D is the Doppler that UE assumes. Since the UE derives the Doppler based on GNSS, the above says that the DL time difference of arrival measurement will be consistent with the GNSS location that UE assumes. Using the above measurements of TDOA, one will conclude that the UE location is the same as the GNSS location that UE assumes, correct or not. 
Observation 5: If a clock that is synchronized with the DL signal is used to measure TDOA of DL signals from a LEO satellite, the TDOA measurements will be consistent with whatever GNSS location that UE assumes. 
Clearly, if a UE uses DL synchronized clock to measure the time gap, DL-TDOA cannot be used to verify the GNSS location that a UE assumes. Note that the above is not a big issue in single-sat multi-RTT because the RTT is not solely determined by UE RX-TX time difference measurement although an independent clock is still preferred in the measurement.
In summary, the feasibility of DL-TDOA needs further study, particularly with respect to the above two issues.
Multi-sat cases
 With a LEO constellation with global coverage, a UE will certainly be able to receive from multiple satellites due to the imbalance between UL and DL coverage [3]. Hence, it is desirable to consider UE location verification with multiple satellites to take the advantage of better geometry in triangulation. 
[bookmark: _Hlk127522734]Proposal 5: Support network verification of UE location using multiple satellites with the following assumptions:
· UE is connected to one satellite 
· UE can detect DL RS from multiple satellites
· The involved satellites are synchronized at uplink synchronization reference points

Simulation results
Performance of PRS and SRS measurements
We evaluate the timing measurement performance for DL-PRS and UL-SRS in the NTN case. The UE antenna gain is assumed to be -5.5 dB as updated in RAN#97e. Simulation assumptions are listed in Table 1 below.

Table 1. Simulation assumptions
	Parameter
	Description/Value

	Channel model (baseline, otherwise state any modifications)
	38.811
LEO-600, S band, Set-1, Rural LOS

	Carrier frequency
	2 GHz

	Subcarrier spacing
	15 kHz

	Reference Signal Transmission Bandwidth
	DL: 10 MHz
UL: 10 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL: Comb-1
UL: Comb -12

	Reference signal (type of sequence, number of ports, …)
	DL: PRS, Gold, 1-port
UL: SRS, ZC, 1-port

	Number of symbols used per occasion
	DL: 1
UL: 12

	Interference modelling (ideal muting, or other)
	Ideal muting

	Delay between symbol boundary and first path
	DL,UL: Uniform in [0,1000]ns



For cases with elevation angle >300, the CDFs of timing measurement error for PRS and SRS are given in Figures 7 and 8, respectively; and the 90-percentile errors as a function of oversampling rate are summarized in Table 2. As can be seen from the figures, with NTN rural LOS channels the timing measurement performance improves as the  oversampling rate increases.
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Figure 7. Timing measurement Error for PRS
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Figure 8. Timing Measurement Error for SRS


Table 2. Timing measurement error of 90 and 95 percentile.
	Measurement error
(ns)
	PRS
	SRS

	Oversampling
	90%
	95%
	90%
	95%

	1
	47.9
	50.8
	48.6
	52.2

	2
	24.2
	25.9
	25.5
	28.2

	4
	12.5
	13.6
	14.5
	17.1

	8
	6.9
	8.0
	9.8
	12.6

	16
	4.6
	5.8
	8.4
	11.2


Note that in the NTN Rural LOS case, the resulting channel is LOS dominant and results in good timing performance with a large oversampling rate.

We also compare the measurement error of PRS arrival time with different elevation angles in Figure 9. Despite the decreasing SNR as elevation angle decreases, the timing errors do not deteriorate significantly due to larger K factors at lower elevation angles.
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Figure 9. PRS Timing Measurement vs Elevation angle at UE.
Performance with single-satellite multi-RTT
Below we consider the error in determining the horizontal 2-D UE location assuming UE altitude is known to the network. For simplicity we assume that UE altitude is 0 and the Earth is a perfect sphere. The error in RTT for each RTT measurement is the sum of PRS timing error, SRS timing error and other errors. PRS and SRS timing errors are sampled from the previous distributions. Other errors are modelled as a uniform error in the range [-5,5]ns.
The simulation assumptions are given in the Table below.
Table 3. Simulation assumptions for single-satellite RTT.
	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	RTT – Single Sat

	Number of measurement occasions
	3

	Time of measurement occasions
	-x,0,x -> x=[1,2,4,8]

	Satellite location at t = 0
	0N 0E

	Satellite orbit
	90 degree inclination

	Earth rotation
	Ignored(Negligible compared to satellite motion)

	UE altitude
	0 m (Surface of earth) and known



We generate a grid over the coverage area (elevation angle>30 deg at t=0) and drop UEs at each grid point. For each UE, we perform RTT measurements at time [-x,0,x]s with error sampled as described above with x chosen from [1,2,4,8]. Then using these measurements, we estimate the UE location under the assumption that UE is on the surface of the Earth. In Figure 10, we plot the 90 percentile position error at each grid point.
Note that the two points that are symmetric with respect to the orbit plane will have the same RTT values and cannot be distinguished using timing. Other information can be used to resolve this ambiguity. Here we ignore this ambiguity and assume we know if the UE is to the left or right of the orbit.
Assuming the altitude of the UE is known within a [-50, 50]m range, the CDF of horizontal errors are shown in Figure 7 and summarized in Table 4 for different measurement time gaps. As can be seen, even in the case of 1s gap in measurements, we are able to resolve the UE position within 2km for UE locations. As shown in [3], the accuracy also depends on the UE location with respect to the satellite orbit: the closer is the UE to the orbital plan, the worse is the accuracy of location.  In practice, one can choose a shorter measurement time span for UEs in farther beams and a longer measurement time for UEs in beams closer to the orbit.
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[bookmark: _Hlk118480642]Figure 10. CDF of Horizontal position error with 3 RTT measurements and altitude uncertainty uniformly distributed in [-50 50] m. 

Table 4 Horizontal error with 3 RTT measurements and altitude uncertainty uniformly distributed in [-50 50] m.
	Error in m
	50%
	67%
	80%
	90%
	95%

	[-1,0,1]
	155
	239
	370
	715
	1928

	[-2,0,2]
	90
	133
	206
	408
	1107

	[-4,0,4]
	62
	86
	132
	275
	757

	[-8,0,8]
	51
	68
	104
	226
	611



Performance in multi-satellite case
For multi-satellite case, we consider a 3-satellite case where UE reports the UE RX-TX time difference to the serving cell so that the RTT of the serving satellite can be measured and also reports the TDOAs of two neighbor satellites with respect to the serving satellite. The simulation assumptions are given in Table 5.

Table 5. Simulation assumptions for 3-satellite case
	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	RTT with Serving Sat + TDOA of neighbor satellite wrt Serving Sat
Single Instant

	Max error
	RTT: 200ns, TDOA:100ns

	Serving Satellite location
	0N 0E

	Neighbor Satellite 1
	0N 8E

	Neighbor Satellite 2
	6N 4E

	UE altitude
	0m(Surface of earth) and known




With the above assumptions, the maximal error along the NS direction and along the EW direction are given in the figures below.
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Figure 11. Maximal location error along NS direction as a function of UE location with 3 satellites.
[image: Chart, histogram

Description automatically generated]
Figure 12. Maximal location error along EW direction as a function of UE location with 3 satellites.

As can be seen from the above figures, with 3 satellites a UE location can be determined with about 100 m uncertainty along latitude or longitude.


Conclusions
In this contribution, we have discussed enhancements to support single-satellite multi-RTT based network verification of UE location, the feasibility issues regarding single-satellite DL-TDOA method, and the advantages of using multiple satellites. Observations and proposals are summarized below.
Observation 1: For the definition of gNB RX-TX time difference, Option 2 with the time stamps using the subframe indices of the SRS and PRS is equivalent to Option 4. 

Observation 2: For Option 1 of the definition of UE RX-TX time difference
· If the measurement is not tied to an SRS transmission, the measurement error can be up to 944 ns for 15 KHz SCS according to the existing UL transmit timing requirements.
· If the measurement is tied to an SRS transmission, there exists an error that depends on UE GNSS accuracy. 

 
Observation 3:  Option 3 of UE RX-TX time difference is not suitable for RTT measurement unless the slot durations at UE are known to the LMF. 

Observation 4: For single-sat multi-RTT in NTN, the UE RX-TX time difference and the gNB RX-TX time difference used to derive an RTT must be coupled, e.g., both are based on one SRS.

Observation 5: If a clock that is synchronized with the DL signal is used to measure TDOA of DL signals from a LEO satellite, the TDOA measurements will be consistent with whatever GNSS location that UE assumes. 

Proposal 1: For RTT determination in NTN, support Alt-2 combination of UE and gNB RX-TX time difference measurements:
· A new type of UE RX-TX time difference 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 format
· Legacy gNB RX-TX time difference with the following change
·  The start of the uplink subframe #i is determined by the received SRS resource that starts within the subframe. 
· 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.


Proposal 2: To study and specify the following:
· Signaling from LMF to indicate the measurement window and the minimal number of measurements to be reported.
· Mechanisms to enable coordinated UE and gNB RX-TX time difference measurements.

Proposal 3. For UE and gNB RX-TX measurements in NTN, the time of the beginning of a subframe is determined by assuming zero Doppler for symbols before the DL-RS or SRS for positioning in the subframe.

Proposal 4: For gNB RX-TX time difference measurement, the reference point is the UL synchronization reference point.

Proposal 5: Support network verification of UE location using multiple satellites with the following assumptions:
· UE is connected to one satellite 
· UE can detect DL RS from multiple satellites
· The involved satellites are synchronized at uplink synchronization reference points
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Introduction


 


In RAN1#112, 


the 


following agreements on network verified UE location were made


 


[


1


]


:


 


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 synchronizat


ion 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 T


UE


-


RX


 


–


 


T


UE


-


TX


 


Where:


 


o


 


UE Rx


-


Tx time difference is 


defined with respect to the Rx and Tx subframe timing associated 


with the TRP.


 


For a Transmission Point 


 


o


 


T


UE


-


RX


 


is the UE received timing of downlink subframe #i from this 


Transmission Point (TP)


, 


defined by the first detected path in time.


 


o


 


T


UE


-


TX


 


is the U


E transmit timing of the uplink subframe corresponding to subframe #i


 


received 


from the TP


 


o


 


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: F


or a Transmission Point different from the serving cell (e.g. a DL


-


PRS


-


only TP)


 


·


 


Option 2:


 


o


 


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. 


 


o


 


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: 
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