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Introduction
In RAN1 #112, the following agreements were made:
	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 positioning
· Other solutions are not precluded



In this contribution we discuss several proposed options for enhancing UE Rx-Tx and gNB Rx-TX time differences.  We also discuss enabling Multi-RTT method to verify the validity of the reported measurements by the UE. Throughout this document we focus only on the case that a single satellite is in view by the UE.

Discussion
Accuracy of UE Rx-Tx time difference if TA is used
In the agreement made in RAN1 #112 regarding definition of UE Rx-Tx time difference, three options, i.e. Options 1, 3, and 4 are heavily relying on the timing advance report.  Option 4 specifically relies on timing advance report by the UE, whereas Options 1 and 3 effectively suggest that UE measure timing advance using Rx and Tx subframe timings.  The value of timing advance is not necessarily exactly equal to the actual RTT. In practice, gNB is able to decode the receive signal sent by the UE if the timing of the received OFDM symbol is within +/- CP/2.  It means that for SCS of 15kHz which is the typical SCS for NTN operation, where CP is 4.69 s, the received signal is decodable as long as Rx and Tx subframe timings are within +/-2.35 s from each other.  It means that if timing advance value is used for RTT measurement, then the measurement error could be as great as +/-2.35s.
During the study phase several companies provided simulation results for horizontal location estimation accuracy using Multi-RTT method.  For example one can refer to [1].  The main assumption for RTT measurement error for those simulations was that the measurement error is less than 200 ns. Having this assumption we were able to show that the accuracy of the horizontal location estimation, for typical measurement windows in the range of 10s to 40s, would be less than 10 km requirement as specified in the WID.  If the RTT measurement error is as great as +/-2.35s, the location estimation error will be way above the 10 km requirement.  Table 1 shows the simulation results for the accuracy of horizontal position estimation for LEO-600 and LEO-1200, if TA is used for RTT measurement. For the details of simulation assumptions please refer to [1] and Appendix. 
[bookmark: _Ref131673566]Table 1. Accuracy of horizontal position estimation in meters if TA is used; Max measurement error = +/-2.35 s
	Window for measurement
	10s
	20s
	40s
	60s

	Percentile
	50th
	95th
	97th
	50th
	95th
	97th
	50th
	95th
	97th
	50th
	95th
	97th

	LEO-600
	3779
	28756
	39306
	1809
	13980
	20329
	857
	6324
	9754
	554
	3726
	5912

	[bookmark: _GoBack]LEO-1200
	8350
	61994
	81915
	3974
	32921
	47943
	1935
	16268
	24354
	1194
	9847
	14947


    
As seen, for LEO-600 case only for very large window of measurement greater than 40s the 10 km requirements is marginally met.  Whereas for smaller windows of measurement the accuracy of the positioning does not satisfy the 10 km requirement.  For LEO-1200 case even for window of measurement as great as 60s the 10 km requirement is not met.  Recently SA2 is an LS to RAN1 requested that location verification be capable of being completed within a period of approximately 1 minute maximum and 30 seconds preferably [2].  Considering the above discussion, we make the following observation:
Observation 1: RTT measurement using timing advance will result in large RTT measurement error that will in turn result in huge location estimation error for the network verified UE location in NTN. 
Based on the observation above, we notice that Options 1, 3, and 4 will not have location estimation error less than 10 km as required by the WID.  Only Option 2 will be a viable option because it does not rely on timing advance value for RTT measurement.
Proposal 1: For enhancing UE Rx-Tx time difference in NTN select Option 2, i.e. 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 same discussion as above is valid for enhancement of gNB Rx-Tx.    Options 1, 2, and 3 in the agreement for the enhancement of gNB Rx-Tx time difference will all result in huge RTT measurement error.  Only Option 4 will be a viable option because it does not rely on timing advance value for RTT measurement. For that reason we make the following proposal:
Proposal 2: For enhancing gNB Rx-Tx time difference in NTN select Option 4, i.e. 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.

Multi-RTT and details of report
In Multi-RTT positioning method, the UE position is estimated based on the measurements performed at both UE and gNB. The measurements performed at the UE and gNB are UE Rx-Tx and gNB Rx-Tx time difference measurements  of DL-PRS and UL-SRS, which are used by an LMF to determine the RTT [3].
One of the greatest concerns of the existing WID for network verified UE location in NTN is that a malicious UE may pretend a false location by reporting false measurement values.  In the following we will assess the Multi-RTT method based on UE Rx-Tx and gNB Rx-Tx time difference reports to see if there is a possible way to enable LMF to verify the validity of the UE Rx-Tx time difference measurement.  
Figure 1 illustrates and simplifies the concept of Multi-RTT method based on UE Rx-Tx and gNB Rx-Tx time difference measurements reports using Dl-PRS and UL-SRS.   Section 8.10 in [3] explains the assistant data and measurement results that may be transferred between LMF, gNB and the UE.  LMF configures both gNB and UE for PRS and SRS transmissions.  gNB measures t4-t1 and reports gNB Rx-Tx time difference to LMF.  Similarly, UE measures t3-t2 and reports UE Rx-Tx time difference to LMF.  Then LMF calculates ‘gNB Rx-Tx’ + ‘UE Rx-Tx’ to estimate the value of the RTT at the time of the measurements.   
	
	RTT = gNB Rx-Tx + UE Rx-Tx = (t4 – t1) + (t2 – t3)
	(1)





[bookmark: _Ref127196526]Figure 1. Concept of Multi-RTT method based on UE Rx-Tx and gNB Rx-Tx reports

We know that gNB never reports a false value for gNB Rx-Tx time difference, but one can easily see that if a malicious UE reports a false value for UE Rx-Tx time difference, LMF can be deceived and calculate wrong UE location.  
Observation 2: A malicious UE could report false value for UE Rx-Tx time difference to deceive LMF when using Multi-RTT method for UE location calculation. 

The resources that the UE uses for SRS transmissions are configured by LMF and therefore LMF have some knowledge about the timing of t3.  Also since downlink and uplink  Multi-RTT measurements are performed almost at the same time, the downlink and the uplink propagation delays should be very close.  LMF can use satellite ephemeris and speed information to estimate how different downlink and uplink propagation delays could be.  This way by comparing ‘t4 – t3’ and ‘t2 – t1’ LMF is able verify the validity the measurements reported by the UE. If the reported values are verified LMF calculates the RTT by  at multiple times at different occasions and estimates the UE location.  If the reported values do not pass the verification criteria as mentioned, after a few times failure to verify, LMF can declare the reporting UE as a malicious UE and report it to the higher layers of the network.
We notice that by proper resource assignment for SRS transmission and also by changing the reporting details of the measurement components, LMF will be able to verify the validity of the reported measurements by the UE.   
Observation 3:  Multi-RTT method based on UE Rx-Tx and gNB Rx-Tx has the potential to enable LMF to verify the validity of the measurements reported by the UE.  

The argument above is justifiable if UE reports t2 and t3 and gNB reports t1 and t4 separately to LMF.  This way, we can see that if t1, t2, t3, and t4 are reported separately to LMF (as opposed to reporting time differences ‘t4 – t1’ and ‘t3 – t2’), LMF is able to verify the validity of the measurements reported by the UE.  Based on the above discussion we make the following proposals:
[bookmark: _Hlk74145913]Proposal 3: UE reports the arrival time of a DL RS for positioning and the transmit time of an SRS, separately.
Proposal 4: gNB reports the transmit time of a DL RS for positioning and the arrival time of an SRS, separately. 

Mirror positions ambiguity for Multi-RTT positioning
In [1] we studied the problem of mirror positions ambiguity for Multi-RTT positioning.  W showed that a NTN network may arrange the cell/beam pattern in a such way that the whole cell/beam is always located in one side of the satellite’s orbital plane as shown in Figure 2.  In practice, since the cells/beams are overlapped, to provide enough coverage all over the ground, there is still a region where some cells/beams, that are located exactly underneath the satellite’s orbital path, will be crossing the satellite’s orbital plane.  In this region the mirror image ambiguity will exist.  Figure 2, shows this region that appears as a strip under the satellite’s orbital path. We refer to this region as ambiguity strip.  The width of the ambiguity strip for a hexagonal cell/beam arrangement is half the radius of the cell/beam.


[bookmark: _Ref131523586]Figure 2. Beam/cell pattern is arranged to ensure no cells/beams is located directly underneath the satellite’s orbital path

Table 2 below shows the simulation results for the accuracy of horizontal position estimation for LEO-600. For the details of simulation assumptions and also other simulation results please refer to [1] and Appendix. 

[bookmark: _Ref131524632]Table 2. Accuracy of horizontal position estimation in meters, LEO-600
	
	Window for measurement
	10s
	20s
	40s

	
	Percentile
	50th
	95th
	97th
	50th
	95th
	97th
	50th
	95th
	97th

	Max measurement error
	+/-30ns
	49
	484
	861
	23
	223
	372
	11
	94
	166

	
	+/-50ns
	81
	827
	1410
	37
	344
	589
	18
	139
	238

	
	+/-100ns
	162
	1486
	2345
	78
	703
	1149
	36
	312
	516

	
	+/-200ns
	330
	3230
	4881
	161
	1360
	2192
	72
	557
	945



Our simulation results shows that with proper arrangement of cell footprint, even though the mirror positions ambiguity still exists, the 10 km requirement for location estimation error specified by WID can be satisfied.  
Observation 4:  By proper cell footprint and antenna pattern the effect of mirror positions ambiguity for Multi-RTT positioning may be minimized, and the 10 km requirement for location estimation error specified by WID can be satisfied. 
Based on our simulation results and the observation made we think that it should be left to network implementation to minimize the effect of mirror positions ambiguity for Multi-RTT positioning.   
Proposal 5: It is up to network (including gNB and LMF) implementation to determine an optimal cell footprint and antenna pattern to minimize the effect of mirror positions ambiguity for Multi-RTT positioning. 

Conclusion 
In this contribution we discussed the details of a Multi-RTT method that is appropriate for the network verified UE location for NTN. We also discussed the problem of mirror positions ambiguity that happens for Multi-RTT positioning.  We made the following observations:

Observation 1: RTT measurement using timing advance will result in large RTT measurement error that will in turn result in huge location estimation error for the network verified UE location in NTN. 
Observation 2: A malicious UE could report false value for UE Rx-Tx time difference to deceive LMF when using Multi-RTT method for UE location calculation. 
Observation 3:  Multi-RTT method based on UE Rx-Tx and gNB Rx-Tx has the potential to enable LMF to verify the validity of the measurements reported by the UE.  
Observation 4:  By proper cell footprint and antenna pattern the effect of mirror positions ambiguity for Multi-RTT positioning may be minimized, and the 10 km requirement for location estimation error specified by WID can be satisfied.

And based on the observations we made the following proposals:
Proposal 1: For enhancing UE Rx-Tx time difference in NTN select Option 2, i.e. 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 enhancing gNB Rx-Tx time difference in NTN select Option 4, i.e. 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.
Proposal 3: UE reports the arrival time of a DL RS for positioning and the transmit time of an SRS, separately.
Proposal 4: gNB reports the transmit time of a DL RS for positioning and the arrival time of an SRS, separately. 
Proposal 5: It is up to network (including gNB and LMF) implementation to determine an optimal cell footprint and antenna pattern to minimize the effect of mirror positions ambiguity for Multi-RTT positioning. 

Appendix
Table 3. Evaluation assumption for Multi-RTT positioning
	Parameter
	Description/Value

	Satellite Orbit
	600km, 1200km

	Number of satellite in view
	1 for single satellite case

	number of occasions used per positioning estimate
	3

	Minimum Elevation angle
	30 degrees

	Satellite 3dB Beamwidth
	4.4127 degrees

	Satellite beam diameter at nadir
	LEO-600: 46 km
	LEO-1200: 92 km

	Ambiguity strip
	LEO-600: 11.5 km
	LEO-1200: 23 km

	Time window for measurement collection
	10s, 20s, 40s

	Reference point for timing measurement
	Satellite

	UE speed
	3km/h

	Maximum timing measurement error
	30ns, 50ns, 100ns, 200ns
2.35us for TA method 

	Timing measurement error distribution
	Uniform

	Performance metrics
	Horizontal accuracy (UE 2D position accuracy)
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