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Introduction
In RAN plenary 98-e meeting, the normative work for supporting the network verified location is agreed to be included in the Rel-18 NR-NTN WID [1]. The detailed objective is as follows:
Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.

Note 1: Enhancements assume reuse of the RAT dependent positioning framework
Note 2: The specification of DL-TDOA enhancements will be subject to the study of the impact of realistic UE clock drift onto DL-TDOA performance
Note 3: The target accuracy for position verification purposes is as documented in clause « recommendations » of the 3GPP TR 38.882 (i.e. 10 km granularity)
Note 4: Multiple satellite in view by the UE may be considered if time allows
Note 5: The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved
Note 6: The enhancements should take into account the mirror-image ambiguity
Note 7: Network verified UE location is an optional UE feature




In this contribution, we present our views on the normative work for supporting the network verified location.

Discussion
Latency issue
The latency issue was widely discussed during the study phase. The LS responses from SA1 [2] and SA2 [3] basically state that there is no real time restriction on the latency of the location verification, however, location verification be capable of being completed within a period of approximately 1-minute maximum and 30 seconds preferably is requested. One notable issue is that the latency required is significantly impacted by whether 2D or 3D position is assumed in the evaluation. The latency could be up to hundreds of seconds for 3D positioning while it is only around ten seconds for 2D positioning in our evaluation. In order to analyse the impact on the positioning accuracy due to the height division error, the evaluation results for DL-TDOA and multi-RTT based positioning error are illustrated in the below table. The detailed evaluation parameters can be found in the appendix.
Table 1: Horizontal positioning error for DL-TDOA based solution
	Measurement period/s
	Maximum height error/m
	Horizontal positioning error/m

	
	
	50%
	67%
	80%
	90%
	95%

	5
	0
	403.41
	585.71
	772.37
	1062.37
	1462.51

	
	100
	406.90
	599.37
	788.62
	1088.76
	1464.11

	
	500
	479.93
	720.67
	921.75
	1241.09
	1576.18

	10
	0
	100.19
	141.98
	199.99
	264.84
	346.55

	
	100
	112.87
	157.94
	209.43
	289.63
	347.05

	
	500
	257.52
	366.07
	466.35
	581.69
	736.16

	15
	0
	42.73
	62.96
	84.82
	118.01
	160.12

	
	100
	65.72
	89.79
	117.11
	153.75
	186.83

	
	500
	262.85
	340.51
	430.63
	560.07
	669.96



Table 2: Horizontal positioning error for Multi-RTT based solution
	Measurement period/s
	Maximum height error/m
	Horizontal positioning error/m

	
	
	50%
	67%
	80%
	90%
	95%

	1
	0
	6.09
	9.82
	14.59
	633.36
	7618.21

	
	100
	55.28
	76.64
	104.47
	647.46
	7685.26

	
	500
	266.93
	374.86
	491.85
	744.23
	7706.93

	3
	0
	2.32
	3.62
	5.38
	696.63
	2600.94

	
	100
	55.11
	75.74
	103.64
	657.10
	2613.47

	
	500
	269.21
	372.69
	492.42
	771.74
	2669.77

	5
	0
	1.51
	2.29
	3.40
	696.38
	1976.01

	
	100
	55.94
	76.37
	104.37
	656.70
	1989.29

	
	500
	270.76
	376.81
	492.57
	744.64
	2002.37


As observed from the results, the impact on the horizontal positioning accuracy due to the height division error (e.g, from 0 to 500m) is negligible. Thus, using 2D positioning is enough to verify the UE’s location and the latency expected is around ten seconds which meets the SA’s requirements.
Observation 1: The impact on the positioning accuracy due to the height division error is negligible. 
Observation 2: The latency expected can meet the SA’s recommendation.

Multi-RTT based solution

RTT estimation error
For the multi-RTT based solution, it makes use of the UE Rx-Tx time difference measurements of downlink signals received from the same satellite at multiple different instants (i.e. DL-PRS), measured by the UE reported to the CN and the measured gNB Rx-Tx time difference measurements, of uplink signals transmitted from UE (i.e. UL-SRS) at multiple time instants. In the legacy design, 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), 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. The reported range of the UE Rx – Tx time difference is -985024Tc to 985024Tc which results in a range of [-0.5ms, 0.5ms].
One issue raised in the study is the RTT estimation error that might have impact on the positioning accuracy due to the movement of the satellite.

[image: ]
Figure 1: Illustration of the RTT estimation error
However, the RTT change due to the movement of the satellite is negligible compared to the target positioning accuracy as shown in the figure below:
[image: ]
Figure 2: RTT change due to the movement of the satellite
Observation 3: The RTT change due to the satellite movement is negligible.
The estimated RTT can be calculated as:



However, the CN is not aware of the actual gap between the gNB/UE’s actual Rx – Tx time difference. It is suggested to report the actual Rx – Tx time difference at the gNB and UE side. Based on the reporting, the CN can calculate the accurate UE’s position
[image: ]
Figure 3: Illustration of the multi-RTT solution
Proposal 1: The actual Rx – Tx time difference at the gNB and UE side should be reported for multi-RTT based positioning solution.

DL-TDOA based solution
UE clock error
In NR network, the frequency error at the UE side shall be within ±0.1 PPM observed over a period of 1 ms. The time required to collect the RSTD results may be up to several seconds depending on the observation times. However as defined in RAN4, the maximum error due to the clock drift is +/- 16ns which results in tens of meters’ distance error for the measurement gap no larger than 160ms. UE can rely on the DL measurement to adjust its DL timing.
Observation 4: The UE clock error issue has little impact on the performance of the DL-TDOA based solution.

In the DL-TDOA positioning method, the UE position is estimated based on DL RSTD (and optionally DL-PRS-RSRP and/or DL-PRS-RSRPP) measurements taken at the UE of downlink radio signals from multiple NR TRPs, along with knowledge of the geographical coordinates of the TRPs and their relative downlink timing.
In the legacy design, the DL reference signal time difference (DL RSTD) is the DL relative timing difference between the Transmission Point (TP) j and the reference TP i, defined as TSubframeRxj – TSubframeRxi,
Where:
TSubframeRxj is the time when the UE receives the start of one subframe from TP j.
TSubframeRxi is the time when the UE receives the corresponding start of one subframe from TP i that is closest in time to the subframe received from TP j.
However, in the single satellite scenario, the definition of the DL RSTD under NTN context should be modified as:
The DL reference signal time difference (DL RSTD) is the DL relative timing difference between the measurement occasion j and the reference measurement occasion i, defined as TMORxj – TMORxi,
Proposal 2: The DL reference signal time difference (DL RSTD) is the DL relative timing difference between the measurement occasion j and the reference measurement occasion i for DL-TDoA based positioning.

Mirror error issue
[bookmark: _GoBack]For the mirror error issue where the estimated UE location might lie at two points that are symmetric around satellite’s orbit in timing-based positioning methods, it can be resolved by measuring the angle of arrival of uplink signals at gNBs and thus should not be an issue.
Proposal 3: It is up to the gNB’s implementation to solve the mirror error issue.
Conclusions
In this contribution, we present the discussion on the network verified locatio. Based on our analysis, we have the following observations and proposals:
Observation 1: The impact on the positioning accuracy due to the height division error is negligible. 
Observation 2: The latency expected can meet the SA’s recommendation.
Observation 3: The RTT change due to the satellite movement is negligible.
Observation 4: The UE clock error issue has little impact on the performance of the DL-TDOA based solution.

Proposal 1: The actual Rx – Tx time difference at the gNB and UE side should be reported for multi-RTT based positioning solution.
Proposal 2: The DL reference signal time difference (DL RSTD) is the DL relative timing difference between the measurement occasion j and the reference measurement occasion i for DL-TDoA based positioning.
Proposal 3: It is up to the gNB’s implementation to solve the mirror error issue.






















Appendix

	Parameter
	Description/Value

	Scenarios 
	Rural, LOS

	Satellite Orbit
	600km, 1200km

	Satellite parameters
	Reuse Set-1satellite parameters as in table 6.1.1.1-1/2 of TR38.821 

	Channel model/ Delay spread
	Based on section 6.7.2 of TR 38.811

	FR/Carrier frequency
	FR1: 2GHz, S-band (n256).

	BW
	10MHz (52 RB)

	Subcarrier spacing, kHz
	15

	Number of satellite in view
	1

	Orbit inclination
	90°

	UE type
	Handheld terminal

	UE related parameters
	Handheld UE characteristics as in Table 6.1.1.1-3 of TR38.821 with update of polarization, Tx/Rx antenna gain, and antenna type and configuration as agreed under AI 9.12.1

	Positioning signals
	PRS for DL-TDOA, PRS and SRS for Multi-RTT

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	PRS: comb-2
SRS: comb-2

	RS type of sequence/number of ports
	PRS: Gold, 1 port
SRS: ZC, 1 port

	Number of symbols used per occasion
	PRS: 2
SRS: 12

	number of occasions used per positioning estimate
	3

	Time window for measurement collection
	[-T, 0, T], T=1, 3, 5, 10, 15, 20, 25, 30s

	Interference modelling (ideal muting, or other)
	Ideal muting

	Reference Signal Transmission Bandwidth
	PRS: 52 RB
SRS: 52 RB

	Reference point for timing measurement
	Satellite

	Description of positioning technique / applied positioning algorithm 
	Taylor series

	UE speed
	3km/h

	UE height error
	Uniform distribution within [-H, H], H=0, 100, 500m

	Performance metrics
	Horizontal accuracy (UE 2D position accuracy)
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