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Introduction

In this contribution, we provide our initial views on network verified UE location in NTN. 
Discussion 

Network verified UE location is listed as one objective in Rel-18 NR NTN enhancement, as a means to meet the regulatory requirements for various services, e.g. Public Warning System (PWS), Lawful interception (LI), Emergency services (EMS), Charging and Tariff notifications. In RAN#96, a RAN-led SI on “requirements and use cases for network verified UE location for Non-Terrestrial-Networks (NTN) in NR” was kicked off and completed with the outcome captured in the TR 38.882 v1.0.0. Regarding the positioning accuracy requirement, it is clarified that the reported UE location is considered verified if it is consistent with the network based assessment to within 5-10 km (similar to terrestrial network macro cell size), enabling country discrimination and selection of an appropriate core network. For working groups to carry out the work, following are recommended in the TR:

	The study in [RAN2,RAN1,RAN3], which will study and evaluate solutions for the network to verify UE reported location information, shall consider the following aspects:

-
The scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority.

-
Multiple satellite (or HAPS) in view by the UE may be considered if time allows

-
Assume that the UE is attached to a network (so that its context has been set up in the network) for the purpose of positioning

-
Different solutions or positioning methods for NGSO, GSO or HAPS are not precluded

-
When considering solutions based on positioning methods, existing 3GPP defined RAT dependent positioning methods shall be considered as baseline. Other methods are not precluded.

-
Solutions using existing NG-RAN architecture and procedures shall be considered


In RAN1#110 meeting, the following agreements were achieved:

Agreement
The following 3GPP defined RAT dependent positioning methods shall be considered as starting point for the study on Network verified UE location in case of NGSO based NTN deployment:

Multi-RTT

DL/UL-TDOA

Note-1: Other methods (e.g. AoA based) are not precluded

Note-2: RAT independent positioning methods are not under the scope of the study

Agreement
For evaluating positioning performance in NTN, the following metrics apply.

Horizontal accuracy:

Horizontal accuracy is the difference between a calculated horizontal position by the network and the actual horizontal position of a UE (for evaluation purposes)

At least CDFs of horizontal positioning errors are used as a performance metrics in NR positioning evaluations

At least the following percentiles of positioning error is analyzed 50%, 67%, 80%, 90%, 95%

Updated Proposal 4-1: 
The following parameters are assumed for the evaluation of RAT dependent positioning methods study in NTN:
	Parameter
	Description/Value

	Scenarios 
	Rural, LOS

	Satellite Orbit
	600km, optional: 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). Optional: FR2

	BW
	To be reported by companies

	Subcarrier spacing, kHz
	15 for FR1, optional: 120 kHz for FR2

	Number of satellite in view
	1 for single satellite case,

	Orbit inclination
	To be reported by companies

	UE type
	Handheld terminal, Optional: VSAT

	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 (Note 1)
	To be reported

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	To be reported

	RS type of sequence/number of ports
	To be reported

	Number of symbols used per occasion
	To be reported

	number of occasions used per positioning estimate
	To be reported

	Time window for measurement collection
	To be reported

	Interference modelling (ideal muting, or other)
	To be reported 

	Reference Signal Transmission Bandwidth
	To be reported 

	Reference point for timing measurement
	Satellite

	Description of positioning technique / applied positioning algorithm 
	To be reported

	UE speed
	3km/h

	Maximum timing measurement error
	To be reported

	Performance metrics
	Horizontal accuracy (UE 2D position accuracy)

	Additional notes, if any
	Note 1: Time-related measurements can be performed via other downlink and uplink signals than PRS and SRS

 

Note 2: The corresponding link budget should also be reported and the verification procedure should be done within the restriction of minimum elevation angle for service, e.g., 30 degree for LEO


In this contribution we further analyse the different positioning methods to point our the advantages and drawbacks of the respective methods. 

Multi-RTT based on UE TA reporting

In last meeting, there are multiple companies proposing to consider a TA reporting based multi-RTT method. The idea is to let UE report the applied TA, which may be used to derive the RTT. By obtaining the RTT corresponding to different time instance, the LMF may derive the UE position by finding the intersection point among three circules as depicted in Fig. 1. 
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Fig. 1: multi-RTT positioning principle

First off, as it was briefly discussed in the last meeting, the TA reported by UE is calculated on the UE side and it is obtained by using the UE GNSS location. Therefore, it is not completely independent of the GNSS system. While proponent companies may argue that the reported TA is trustful even it is calculated using GNSS location, which is different from UE directly reporting its GNSS location, in RAN1, on the other hand, it is not an appropriate working group to make decision on whether the reported TA is considered as trustful if the UE is presumed to be non-trustful. Such discussion should be better taking place in SA3. 

Observation 1: whether a TA reported by a non-trustful UE is considered to be trustful is a key question for multi-RTT method based on UE reported TA. 

Proposal 1: RAN1 to send an LS to SA3 to ask for the confirmation on whether a TA reported by a non-trustful UE is considered to be trustful for positioning purpose. 

Next, to ease our analytical discussions, as agreed in the last RAN1#110 meeting, we convert the 3D UE position to 2D by omitting the vertical position, e.g. assuming the UE z-axis position is zero. Then the distance between a UE and a satellite at a given time instance can be trivially expressed in the following equation. Moreover, with 3 different time instances, the equations can lead us to draw three circles and UE x-y-axis position can be determined from the intersection point as depicted in Fig. 1.
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Furthermore, as illustrated in the WID [1], a single satellite view case is targeted. Therefore, it is understood that the satellite at different time instances are always on the same orbit plane. In what follows, we take an example of the orbit inclination being 90 degree, and as it can be seen from Fig. 2 that the projection of the satellite at different time instance on the UE x-y plane forms a line. Moreover, in this example, it can be clearly seen that when the UE x-y-axis position is close to this line, the intersection point is closer to the y-axis. In an extreme case where the UE x-axis position is 0, there will be only one intersection point among these three circles as the UE position is fully on the line. Further, when we consider the measurement error, the circles naturally become the rings as depicted in Fig. 3. Thus we can observe that with the measurement error, there might not always be possible to find an intersection point, e.g. there is no intersection possible among dashed circles. This observation implies that in some areas, e.g., UE close to the orbit plane, there may exist some positioning estimation handicap zone, where the estimation accuracy may be remarkably impacted. 
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Fig. 2: when UE approaches the orbit plane, the UE gets close to the projected line
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Fig. 3: measurement error make makes the circles to rings and intersections may not always be ensured when UE is close to the orbit plane

This analysis is further confirmed by our simulation results where we set the UE position as (x,y,z) = (5km,10km,0) and the three satellite time instances as (-6s,0s,6s) on a y-z orbit plane, corresponding to orbit inclination 90 degree, where time instance 0s refers to satellite position (x,y,z)=(0,0,600km). The measurement error range is assumed to be [-256Tc, 256Tc] which is suggested RAN4 NTN TA estimation error [2]. From Fig. 4, it can be seen that the intersection among circles are not always ensured, leading to an unreliable UE position estimation. As a result, the positioning accuracy is greatly impacted and the resulting bias yields larger than (-4km,4km) at the x-axis. 

[image: image5.png]4000

6000 | -6s +256Tc A ]
0s +256Tc N
65 +256Tc \
\
-8000 N
-10000 - -
-4000  -3000  -2000  -1000 0

1000 2000 3000 4000
x(m)




Fig. 4: simulation results showing the intersection zone is not closed, yielding higher x-axis estimation bias
Moreover, it is worth noting that this issue is not resolvable by enlarging the time interval between the time instances. For example in our simulation results shown in Fig. 5, where we increase the interval by setting the time instance to (-30s,0,30s), the intersection cannot be ensured neither and the estimation handicap zone appears still. Therefore, the positioning estimation bias remains to be larger than (-4km,4km) at the x-axis. 
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Fig. 5: simulation results showing that the issue cannot be resolved by increasing time instance interval

On the other hand, when we move the UE position further away from the orbit plane, e.g. setting UE position (x,y,z)=(20km,80km,0), the simulation results depicted in Fig. 6 shows that the issue can be relieved and the estimation bias can be reduced to (-2km,2km) at the x-axis. This futher confirms that the issue is indeed related directly to the UE location relative to the orbit plane. At the same time, it is equivalent to saying that this method is more suitable for UE location far from the orbit plane. However, this would refer to a longer service link propagation delay. From the AI 9.12.1 coverage evaluation, we have learnt that for uplink transmission there is a coverage performance comprise with transmission bandwidth. This indicates that when the UE approaches the cell edage, the received SNR will be reduced if we increase the trnasmission bandwidth. Therefore, the SRS-based measurement error would be increased, which is also pointed out in [3] that SRS-based measurement error is much larger than PRS-based measurement error. And more resources would be needed to compensate for the coverage shortage. 
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Fig. 6: simulation results showing that the issue disappears when UE is further away from the orbit plane

Observation 2: For multi-RTT method, when UE position approaches the orbit plane, there exisits an esitmation handicap zone, where the positioning accuracy is remarkably impacted and this issue cannot be resolved by increasing the satellite time instance interval. 

Observation 3: For multi-RTT method, there exisits a compromise between the coverage and positioning accuracy. 

DL-TDOA method

For DL-TDOA based on PRS, the principle is different from the mtuli-RTT, in the sense that the propagation delay difference between two satellite time instances is measured following the equation below. 

[image: image8.wmf](

)

(

)

(

)

(

)

(

)

(

)

i

UE

UE

UE

UE

i

UE

i

UE

i

=d

-z

z

+

-y

y

+

-x

x

-z

z

+

-y

y

+

-x

x

2

1

2

1

2

1

2

2

2

-


[image: image1.emf]x 

y 

z

t

-1

t

0

t

1

d

1

d

2

d

3

This would lead us to draw a parabola curve. With three different satellite instances, we can obtain two parabolas and the intersection point can determine the UE position as depicted in Fig. 7.
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Fig. 7: DL-TDOA positioning principle

When we evaluate the positioning estimation, we also take into account the measurement error, i.e. (-6ns,6ns). This error range is found from our simulation results for different elevation angles as shown in Tab. 1, where for each peak detection based on PRS, we only use one PRS symbol instead of multiple PRS symbols joint detection. The PRS bandwidth is 100 RB and the subcarrier spacing is 15kHz. From the simulation results, we see that the largest error yields 6ns. Thus, we take (-6ns, 6ns) error range for our analytical evaluations. 

	Peak detection error
ns
	PRS

	Elevation Angle(deg)
	50 percentile
	90 percentile
	95 percentile

	80-90
	2.10
	4.43
	4.91

	70-80
	1.90
	4.01
	4.91

	60-70
	1.83
	3.97
	4.94

	50-60
	2.10
	4.33
	6.01

	40-50
	1.73
	3.84
	5.99

	30-40
	1.96
	4.04
	4.93


Tab. 1: simulated DL-PRS based measurement error

Thus, the parabola curve becomes a parabola ring. For the case where UE is approach the orbit plane, UE position as (x,y,z) = (5km,10km,0), and we set the satellite time instance interval to be 6s. From Fig. 8, we observe similar situation that the estimation bias at x-axis is degradated. But differently from multi-RTT method, this issue can be resolved by increasing satellite time instance interval. It can be seen from Fig. 9 that the x-axis estimation accuracy is significantly improved, with setting the satellite time instance interval to 30s. 
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Fig. 8: simulation results showing that for DL-TDOA the issue of estimation handicap zone also exists
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Fig. 9: simulation results showing that for DL-TDOA the issue can be resolved by increasing satellite time instance interval

Observation 4: for DL-TDOA method, the issue for UE approaching the orbit plane also exisits but this issue can be resolved by enlarging the satellite time instance interval. 

To have a more complete performance assessment, we have conducted simulations with the following simulation assumptions in Tab. 2 and we assume the UE is uniformed distributed in [-100km,100km] for x-y-axis position, Fig. 10, which ensures the elavation angle restriction of 30 degree. The SNR for each measurement is based on the agreed link budget between the satellite and the actual UE location.  
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Fig. 10: our simulation assumption

	Parameter
	Description/Value

	Scenarios 
	Rural, LOS

	Satellite Orbit
	600km

	Satellite parameters
	Reuse Set-1satellite parameters as in table 6.1.1.1-1 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
	20MHz

	Subcarrier spacing, kHz
	15 for FR1

	Number of satellite in view
	1 for single satellite case

	Orbit inclination
	90 degree inclination

	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 (Note 1)
	PRS

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	Comb-2

	RS type of sequence/number of ports
	Gold sequence

	Number of symbols used per occasion
	1

	number of occasions used per positioning estimate
	3

	Time window for measurement collection
	t0- δ, t0, t0+ δ, where δ=6s, 10s, 30s

	Interference modelling (ideal muting, or other)
	Ideal muting

	Reference Signal Transmission Bandwidth
	20MHz 

	Reference point for timing measurement
	Satellite

	Description of positioning technique / applied positioning algorithm 
	Chan positioning method [4]

	UE speed
	3km/h

	Maximum timing measurement error
	DL-TDOA: uniform distribution in [-6ns,6ns]

	Performance metrics
	Horizontal accuracy (UE 2D position accuracy)


Tab. 2: reported simulation assumptions

The simulation results are summarized in Tab. 3 and the corresponding CDF results are given in Fig. 11, where for the case of 6s time intance interval with 3 satellite time instance corresponding to 12 second measurement window, the CDF result shows that 90% horizontal accuracy is below 8km which can meet the 10km requirement and 95% horizontal accuracy is below 11.3km. When the measurement window increases to 20s, corresponding to satellite time instance interval of 10s, the 95% horizontal accuracy is below 5.6km. Therefore, it confirms the feasibility of DL-TDOA method for the NTN UE location verification purpose. 
	Metric

Time interval
	50%
	67%
	80%
	90%
	95%

	6s
	2113 [m]
	3165 [m]
	4774 [m]
	7924 [m]
	11299 [m]

	10s
	834 [m]
	1257 [m]
	1994 [m]
	3546 [m]
	5584 [m]

	30s
	132 [m]
	200 [m]
	320 [m]
	623 [m]
	1193 [m]


Tab. 3: DL-TDOA simulation results
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Fig. 11: simulation results on positioning accuracy

Observation 5: DL-TDOA method can meet the NTN UE location verification accuracy requirement with agreed simulation assumptions. 

In summary, we have compared multi-RTT method based on reporting TA and legacy DL-TDOA method. We have identified an estimation handicap zone and for multi-RTT method this issue cannot be resolved by enlarging the satellite time instance interval. While for DL-TDOA, the issue is indeed relieved when the measurement time interval increases. Moreover, multi-RTT suffers more coverage issue leading to the necessity of consuming more positioning resources. Moreover, the legacy TA reporting is not suitable for achieving positioning requirement. Thus, finer TA reporting granularity should be studied, this further results in more spec impact. Last but not the least, the multi-RTT method should be checked and confirmed by SA3, this may further delay the WI progress. With the above analysis and the provided reasoning, we suggest to take DL-TDOA as a baseline method with higher priority and study multi-RTT method later after SA3 confirmation is received. 

Proposal 2: RAN1 to take DL-TDOA as a baseline method with higher priority.     

Conclusion

In this contribution we further analyse the different positioning methods to point our the advantages and drawbacks of the respective methods. As a conclusion, we have shared following observations and drawn two proposals: 
Observation 1: whether a TA reported by a non-trustful UE is considered to be trustful is a key question for multi-RTT method based on UE reported TA. 

Observation 2: For multi-RTT method, when UE position approaches the orbit plane, there exisits an esitmation handicap zone, where the positioning accuracy is remarkably impacted and this issue cannot be resolved by increasing the satellite time instance interval. 

Observation 3: For multi-RTT method, there exisits a compromise between the coverage and positioning accuracy. 

Observation 4: for DL-TDOA method, the issue for UE approaching the orbit plane also exisits but this issue can be resolved by enlarging the satellite time instance interval. 

Observation 5: DL-TDOA method can meet the NTN UE location verification accuracy requirement with agreed simulation assumptions. 

Proposal 1: RAN1 to send an LS to SA3 to ask for the confirmation on whether a TA reported by a non-trustful UE is considered to be trustful for positioning purpose. 

Proposal 2: RAN1 to take DL-TDOA as a baseline method with higher priority. 
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