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Description
Technical Field :

[0001] Theinvention liesinthefield of the positioning estimation of a communication device in a wireless communication
network.

Background art :

[0002] In manyemergingindustrial use cases, including intelligent logistics, autonomous robotics, the internet of things
(IoT), and others, estimating with accuracy the location of a telecommunication device, usually a mobile user terminal,
is crucial. The majority of these instances involve indoor environments where the Global Navigation Satellite System
(GNSS) assisted localization and other conventional solutions are insufficiently accurate due to a lack of direct Line of
Sight (LOS) between the GPS satellite and at least a part of the wireless communication system. With the introduction
ofthe 5G New Radio (5GNR) cellular system, reliable, wide-band, and low-latency positioning reference signals dedicated
to localization are now available, enabling an improved positioning precision.

[0003] LOS (Line-of-Sight): LOS refers to a propagation condition where there is a clear and unobstructed path between
the transmitter and the receiver. In other words, there are no significant obstacles or physical obstructions between the
communicating entities. However, In indoor LOS conditions, the signal travels directly from the transmitter to the receiver
among significant reflections or diffractions.

[0004] NLOS (Non-Line-of-Sight): NLOS in indoor conditions, refers to a propagation condition where there are ob-
stacles or obstructions between the transmitter and the receiver, blocking the direct line-of-sight path as well as reflections,
diffractions, scattering, or other forms of propagation effects due to the presence of clutters or scatterers. These obstacles
can cause signal degradation, multipath fading, and reduced signal strength at the receiver.

[0005] However an asynchronous user terminal timing reference happens to be a usual cause of positioning error.
Another cause of the error is due to approximations to solve a system of non-linear equations determined from Time of
Arrivals of the reference signals.

[0006] There is thus a need of a solution for estimating a mobile user terminal position with a better accuracy.

Summary of the invention :

[0007] To this end, according to a first aspect, the present invention describes a communication device positioning
estimation method in a wireless telecommunication system comprising a plurality of communication devices connected
through wireless telecommunication links, said method comprising the following steps implemented by at least an elec-
tronic system connected to said wireless telecommunication system:

- predefined reference signals being transmitted at a given time on said telecommunication links between a commu-
nication device whose position is to be estimated, called hereafter UE, and each one of at N communication devices
whose positions are known and called hereafter gNBs, wherein N >3, obtaining T time values, where these T time
values are :

o N Times of Arrival, each being the Time of Arrival of predefined reference signal transmitted between the UE
and a respective one of the N other gNBs; or

o N-1 Time Differences of Arrival calculated by subtracting the Time of Arrival of predefined reference signal
transmitted between the UE and a chosen one of the N gNBs to the Time of Arrival of predefined reference
signal transmitted between the UE and each one of the N-1 other gNBs;

- transposing the T obtained time values into T distance values and using the known positions of the gNBs, determining
a set of T non linear equations, the unknown values of this set of equations comprising the UE position coordinates
to be estimated;

- estimating the UE position coordinates by solving the set of nonlinear equations through implementation of a Particle
Swarm Optimization method wherein at each iteration of said Particle Swarm Optimization method, a plurality of
candidate UE positions corresponding to the swarm particles are updated based upon the position and velocities
of the swarm particles.

[0008] In embodiments, such a method will also comprise at least one of the following characteristics:
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- further to the transmission of a said predefined reference signal between anyone of the N gNB and the UE, only the
first peak in the received predefined reference signal impulse response in the time domain is considered to obtain
the time values ;

- the number of swarm particles is greater than 200 ;
- N =3or4and the UE is in the LOS with the gNBs ;

- said device positioning estimation method is used as User Equipment positioning implemented in a 5G wireless
communication network using UL nrSRS or DL-nrPRS with 80-100MHz bandwidth.

[0009] According to another aspect, the invention describes a computer program adapted to be stored in the memory
of a communication device positioning estimation system further comprising a microcomputer, said computer program
including instructions which, when executed on the microcomputer, implement the steps of a method according to the
first aspect of the invention.

[0010] The invention also discloses a non-transitory computer-readable medium, storing a computer program product
comprising code instructions for executing a method of the invention.

[0011] According to another aspect, the invention describes a communication device positioning estimation system
adapted for positioning estimation, in a wireless telecommunication system comprising a plurality of communication
devices connected through wireless telecommunication links;

predefined reference signals being transmitted ata given time on said telecommunication links between a communication
device whose position is to be estimated, called hereafter UE, and each one of at N communication devices whose
positions are known and called hereafter gNBs, wherein N >3, said communication device positioning estimation system
is adapted for obtaining T time values, where these T time values are :

N Times of Arrival, each being the Time of Arrival of predefined reference signal transmitted between the UE and
a respective one of the N other gNBs; or

N-1 Time Differences of Arrival calculated by subtracting the Time of Arrival of predefined reference signal transmitted
between the UE and a chosen one of the N gNBs to the Time of Arrival of predefined reference signal transmitted
between the UE and each one of the N-1 other gNBs;

said communication device positioning estimation system being further adapted for transposing the T obtained time
values into T distance values and using the known positions of the gNBs, for determining a set of T non linear
equations, the unknown values of this set of equations comprising the UE position coordinates to be estimated;
the communication device positioning estimation system being then adapted for estimating the UE position coordi-
nates by solving the set of nonlinear equations through implementation of a Particle Swarm Optimization method
wherein at each iteration of said Particle Swarm Optimization method, a plurality of candidate UE positions corre-
sponding to the swarm particles are updated based upon the position and velocities of the swarm particles.

[0012] In embodiments, such a system will also comprise at least one of the following characteristics:

- it is adapted for obtaining the time values by using only the first peak in the predefined reference signal impulse
response in the time domain received further to the transmission of a said predefined reference signal between
anyone of the N gNB and the UE;

- the number of swarm particles is greater than 200;

- N =3or4and the UE (10) is in the LOS with the gNBs (20).

Brief description of the drawings:

[0013] The invention will be better understood and other characteristics, details and advantages will appear better on
reading the following description, given without limitation, and thanks to the appended figures, given by way of example.

[Fig. 1] Figure 1 is anillustration of a wireless telecommunication system according to an embodiment of the invention;
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[Fig. 2] Figure 2 represents steps of position estimation method in a wireless telecommunication system according
to an embodiment of the invention;

[Fig. 3] Figure 3 shows graphs of positioning errors obtained using different methods and using 3 or 4 gNB.
Detailed description:

[0014] Figure 1 represents a wireless communication system 1 implementing an embodiment of the invention.
[0015] The wireless communication system 1 includes a plurality of wireless communication devices. Each commu-
nication device includes a wireless (for example Radio Frequency) emission and reception block adapted to exchange
data upon wireless links (symbolically referenced 2), a processor and a memory. The memory stores software instructions
that when executed upon the processor, enables the wireless communication device to implement a predefined com-
munication protocol.

[0016] Some of the wireless communication devices are wireless communication devices 20 having known positions
(and they are for example immobile), and some of the wireless communication devices are wireless communication
devices 10 having unknown positions and being for example mobile.

[0017] For example the wireless communication system 1 is 5G New Radio (5GNR) cellular system, the wireless
communication devices 10 are user mobile equipment (UE) and the wireless communication devices 20 are gNBs 20.
[0018] The wireless communication system 1 includes also a Location Management electronic Equipment 30 (LME
30), including at least a telecommunication block, a processor and a memory storing the coordinates of the gNB 20 in
a referential R. There are communication links 40 between the LME 30 and each gNB 20. These communication links
are for example wired or wireless.

[0019] In embodiments the LME 30 is dedicated equipment or is located inside one or several gNBs or distributed into
several equipments.

Basics of ToA and TDoA approaches:

[0020] Time of Arrival (ToA) approach is a known ranging technique, used in the wireless telecommunication domain,
and based on knowing the exact time that a signal was sent from the source communication device (), the exact
time the signal arrives at a destination communication device (t,,;,,), and the speed, ¢, at which the signal travels
(usually the speed of light). One ("the reference point)" of the source and destination communication devices has a
known position and the other one ("the target point") has an unknown position that has to be determined. Once tgg,
t.rivas @nd ¢ are known, the distance d between the source and destination communication devices can be calculated
using the simple following equation:

d=c=x (tmrrwm - tmm)

[0021] In two dimensions, this yields a circle with the following equation:

4= J (rer — x)g + (rer =¥ )E

where (X5, Vo) is the -known- position of the reference point, and (x, y) is the position of the target point.

[0022] Once this set is calculated for enough reference points (at least three for two dimensional or at least four for
three-dimensional), the exact position of the target is at the intersection of the circles and corresponds to the solution
of the set of equations.

[0023] Time Difference of Arrival (TDoA) approach is also a ranging technique. TDoA does not require the time that
the signal was sent from the source communication device, only the time the signal was received and the speed that
the signal travels. Once the signal is received at two reference points, the difference in arrival time can be used to
calculate the difference in distances between the target point and each of the two reference points. This difference can
be calculated using:



10

15

20

25

30

35

40

45

50

55

EP 4 468 019 A1

Ad = ¢ = (At)

where c is the speed of light, Ad is the difference between the distance between the target point and the first reference
point and the distance between the target point and the second reference point reference point and At is the difference
in signal arrival times at each reference point. In two dimensions, this leads to the following equation:

Ad = (x — %)% = (32 — y)?
— Gy — )2 = (3, — ¥)?

where (x4, y4) and (x5, y») are the -known positions- of the reference points. Using nonlinear regression, this equation
can be converted to the form of a hyperbola. Once enough hyperbolas have been calculated, the position of the target
can be calculated by finding the intersection.

[0024] From ageometric perspective regarding TDoA approach: the values of (x, y) that solve the positioning equations
form a hyperbola when plotted. Because each measurement of time difference defines a hyperbola. In the absence of
noise, the intersection of these hyperbolae determines the position of the target point. For instance, if a hyperbola is
drawn between two reference points, there will be an infinite number of possible positions for the target point location
depending on the observed time difference, including the true location. Adding a third reference point, on the other hand,
defines two more hyperbolae, one of which is redundant. There is now two hyperbolae that intersect at a single location.
However, it is not always the case (cf. "TOA and DOA Based Positioning", John Wiley & Sons, Ltd, 2018, ch. Two, pp.
197-198). Due to the nonlinear nature of the equations, three reference points can sometimes create two hyperbolas
with two intersection points, one of which is the real solution. As a result, in some cases, the TDoA approach needs the
insertion of a fourth reference point to ensure a unique solution.

[0025] Referring now to Figure 2, a UE position estimation method 100 in a wireless telecommunication system, for
example, the wireless telecommunication system 1 of Figure 1, is now described according to an embodiment of the
invention.

[0026] Because of using TdoA method, network-wide synchronization in not required, it means UE and gNBs do not
have to be synched, however, the gNBs are assumed to be tightly synched which is normal.

[0027] Considering a given UE 10 which position thereof has to be determined, for example UE 10_1: the UE 10_1
transmits a predefined reference signal, called SRS (Sounding Reference Signal) through its Emission/reception block
upon wireless connections (the resources corresponding to these wireless connections are for example allocated to the
UE 10_1 by a serving UE gNB 20 as a function of the last position estimated for the UE 10_1). N surrounding gNBs 20
at wireless range, here for example N=3 and at least each of gNB 20_1, 20_2 and 20_3, receives, and identifies, the
SRS, the associated Time of Arrival (ToA) of the SRS at said gNB, and the source UE 10_1.

[0028] The Time of Arrivals (ToA) of the UE SRS are transmitted from each gNB 20_1, 220_2, 20_3 to the LME 30
via communication links 40 between the gNBs 20 and the LME 30.

[0029] In a step 101, the LME 30 receives from at least each of the N gNB the ToA corresponding to the last SRS
sent by the UE 10_1. Upon reception of these ToA, to avoid UE clock synchronization issues, ToAs are then transformed
by the LME 30 into TDoAs, for example by substracting ToA of gNB 20_1 to the other ToA. N-1 TDoAs are thus extracted
from N gNBs.

[0030] In a step 102, TDoAs issued from step 101 are transformed, by the LME block 30, into relative distances (by
multiplying the TDoA by c), which, together with the known locations of the N gNBs, form a nonlinear system of equations
in which the distance differences are observations and the (x,y) coordinates of the UE 10_1 in a given referential R are
unknown : a system of positioning equations is thus determined based upon the TDoAs (see section "Basics of ToA and
TDoA approaches" hereabove).

[0031] This non linear system of equations is:

and, for N gNBs, contains (N - 1) TDoA equations, with:
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frpoas (x.¥)
fy) = 2
frooan-1(x,¥)

and, forn =1 to N-1:

= =

frooanlz,y) = do —di = \/(z —za)? + {y —yn)? — V{z —21)2 + (y — 1)

d,, is the distance between the considered UE and the nth gNB and (x,,, y,) are the coordinates of the nth gNB in the
referential R;

e is the range measurement error which is caused by noise;

ris the range measurement taken from TDOAs which is assumed to have an Additive White Gaussian Noise (AWGN)
error ; r, = d,, - dy, r,, being the nth component of the column matrix r, n = 1 to N-1.

[0032] There are two general estimation approaches to solve this problem: linear and non-linear. A basic linear tech-
nique, such as Linear Least Squares (LLS), provides an imprecise estimate of the variable with a significant reliance on
the number of observations or known anchors (gNBs). It can be enhanced by including timing error information in the
Weighted Linear Least Squares algorithm (WLLS). However, in many practical situations, the error variance is unavail-
able.

[0033] Non-linear approaches, on the other hand, address this issue directly by solving nonlinear equations. The Non-
Linear Least Squares (NLS) approach is used to minimize the Mean Squared. If noise statistics are given, this technique
is equivalent to the Maximum Likelihood method (ML). These solutions employ Taylor’'s series linearization and, for
example, the Gauss-Newton technique to compensate for approximation error. The Maximum Likelihood can match the
Cramer Rao Lower Bound (CRLB), which is the performance benchmark for time or position estimators.

[0034] A solution could be to estimate a coarse position using LLS and then, from this initial coarse position, to iteratively
converge to the minimal error using NLS or ML. However, the performance of these approaches is still dependent on
an initial estimation, which is based on the number of gNBs.

[0035] Another solution, using PSO (Particle Swarm Optimization), is disclosed in the further step.

[0036] We assumed hereabove that the gNBs have fixed known positions(x,y,z), and the UE’s 5G tag is also mounted
on the UE with a fixed height in regard to the UE, z is always known in the equations (if we assume that a UE moves in
Z axis, then TDOA is not enough to estimate the z, one needs Angle information in that case for example Uplink Angle
of Arrival).

[0037] In a step 103, the positioning non linear equation system determined in previous step 102 is solved by LME
30 using PSO. PSO is a stochastic solution that uses a swarm of points in a limited interval to converge to the position
with the least error.

[0038] PSO algorithm optimizes a problem by iteratively trying to improve a candidate position solution with regard to
a given measure of quality (or cost function). It solves a problem by having a population of candidate solutions (particles
of the Swarm), and moving these particles around in the search-space according to simple mathematical formula over
the particle’s position and velocity. Each particle’s movement is influenced by its local best known position, but is also
guided toward the best known positions in the search-space, which are updated as better positions are found by other
particles. This is expected to move the swarm toward the best solutions.

[0039] Thus in current step 103, the PSO computational method is implemented by the LME block 30to solve the
positioning equations, by :

- using a population of locations as initial points and
- iteratively converging to the minimal cost function value.

[0040] This strategy is independent of the number of gNBs utilized and does not rely on a single initial guess, avoiding
a local minimum in error optimization.
[0041] The PSO algorithm updates the entire swarm at each iteration by moving the particles, updating the velocity
and position of each particle in every dimension as a function of three components :

. . vi
- its current velocity: "k ;
- its personal best: p/
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- the global best p9

as defined below:

i

Viey = wWvy, + o py — X ) + core(pr — X ).

and

Lk R i
Xjppr = X+ Vi
where:

- iis the index of a considered particle, i.e. for a total number M of particles in the swarm, the integer i =1 to M;

l i

- kis the rank of the considered iteration into the PSO algorithm, and Ak and Vk are respectively the position and
velocity of the ith particle of the swarm, at the k!" iteration of PSO algorithm in step 103;

- each particle of index i records the position in which it had the least error so far as the personal best position p’; the
swarm also records the position in which it has the minimum cost function value among all of the particles and
iterations, as global best p9; thus during each iteration k (for example at the end of each iteration), there is an
individual value and a global best value determined which will be compared respectively to the personal and global
best of the previous iteration k-1 to see if one and/or the other is to be replaced or not; for example the initialization
values of individual and global best value are infinity;

- the constant c1 and c2 in the original PSO can adjust the searching rate between personal best (p) and global best
(p9). c2needs to be greater than c¢1 in order for the swarm to converge; in an example, ¢c1=0.5 and c2=0.9.

- wis another constant called inertia weight;

- 1, r2 are random numbers between 0 and 1.

[0042] Example of the cost function J that could be chosen:

J=r-f(xy) =>

J=1[ri, 12, ooy ']l = Urpoats - frooan—-1]

[0043] The number of points in the swarm depends on the dimensions of the problem. In an example, for an Indoor
Factory Hall (InFH) standard channel model from 3gpp that covers a 120m * 60m * 10m, a population of around [250-500]
particles shows proper results.

[0044] The global and individual weights (0.5 and 0.9) is found by experiment, as well as the number of iterations
required to reach the global minimum for the cost function(10-20).

[0045] PSO can quickly converge to the correct position after a few iterations by having a few hundred swarm points
(for example M is chosen between [200 ; 500] because the indoor positioning problem is likewise confined to a 2D or
3D bounded region.

[0046] For asimulated environment with 120*60=7200 squared meters, a number of 500 particles shows a good result
in most of the points and corners of the 2D space. Smaller space can use less number of particles. Less points can be
chosen but need compromise with more iterations in order to converge.

[0047] Also the error from the linear approximation of nonlinearities is solved as the method 100 tackles the problem
directly by solving the nonlinear equations (i.e. without approximating through a linearization of the equations).

[0048] Details about general aspects about PSO can be founded for example in J. Kennedy et R. Eberhart, « Particle
swarm optimization », IEEE International Conference on Neural Networks, 1995. Proceedings, vol. 4, november 1995,
p. 1942-1948 vol.4.

[0049] Using PSO for UE position estimation enables to find a global minimum error that is independent of the number
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N of used gNBs (thus needs the least number of gNBs comparing to other methods that needs more gNBs to get a
proper initial point) and does not require a single correct coarse initial point estimation nor statistics of the noise. The
positioning method according to the invention provides an optimum UE location estimate utilizing just 5G pilot signals
and does not need GNSS support for initializing the estimators. The method enables a sub-meter UE positioning.
[0050] In addition, in an embodiment, a determination of if a SRS signal received by a gNB has followed a path of
Direct Line of Sight between the UE and the gNB is performed, and only ToAs calculated for SRS having followed a
such path of Line of Sight (LoS signal) between the UE and the gNB are taken into account in the positioning estimation
method steps 101-103, thus providing a better accuracy of UE position.

[0051] In an embodiment, the first peak in the received SRS signal impulse response from each of the N gNB in the
time domain (thus estimated as having followed a Line of Sight path) is considered to determine the ToA times values ,
the subsequent received signal peaks corresponding to this given SRS are on the contrary estimated as not LOS path
signals (but as a reflected signal), and thus are not being used to calculate ToAs.

[0052] So, given N, the number of gNBs available to be used for the positioning method of the invention, only (at
least) N =3 or 4 of these N;,; gNBs -and the corresponding N ToAs- are for example used in the steps 101-103 in an
embodiment of the invention, these N gNBs being gNBs for which the ToAs have been determined selectively based
upon LOS signals.

[0053] Depending on the embodiments, the steps of the positioning method 100 are iterated for each active UE at
least every period T, with T for example being the period of UL-SRS or DL-PRS transmission, suggested, in the standard,
to be every 10-20 ms, and/or when specific events are detected (change of gNB serving the UE ...).

[0054] The UE position determined by the method 100 is then used for example by at least an electronic telecommu-
nication equipment in the system 1, in order to perform, depending on the considered application: UE time and/or
frequency communication resources allocation and/or beamforming and/or selection of UE serving base station, as a
function of the last determined UE position.

[0055] The positioning solution thus enables to overcome the synchronization challenges, detect and mitigate non-
LOS, and solve the system of equations to produce a global minimum error for the location estimation non-linear problem.
[0056] In the embodiment of the invention position method described hereabove, TdoAs have been calculated on
uplinks (from UE to gNBs), here based on UL-SRS of 5GNR; the invention can in other embodiments be implemented
calculating TDoAs on downlink (from gNBs to UE), for example in 5GNR based on DL-PRS reference signals.

[0057] TDoA approach has been considered in the description of the invention hereabove. In another embodiment,
the set of equations is deduced from ToA approach instead of TDoA approach.

[0058] Figure 3 shows graphs of positioning errors (horizontal axis "error", the error value being expressed in meter)
for Cumulative Distribution Functions (CDF) of Root Mean Squared Errors (RMSE) for distance estimation. The different
graphs correspond to values obtained using different methods and using 3 gNB (graphs on the right) or 4 gNB (graphs
on the left), for a signal bandwith of 100 MHz (bandwidth used for channel and time estimation by choosing for UL-SRS
or DL-PRS, 272 PRB (Physical Resource Blocks) and SCS (SubCarrier Spacing) =30 khz) and a value of oversampling
equal to 8.

[0059] The compared methods fort position estimation are :

- LLS (Linear Least Squares) method;
- ML (Maximum Likehood) method;

- EKF (Extended Kalman Filter) is also another famous conventional method which suffers from the similar require-
ments for the initial point and error statistics;

- amethod according to the invention, using PSO.

[0060] Regarding the point"X, Y=0.9"in FIG 3: simulating the algorithm in the 3gpp InFH channel model, 100 or more
random UE positions were generated, then using the known gNB coordinates and the PSO algorithm, the position for
100 UEs was estimated. By plotting the Cumulative Distribution Function (CDF) for this 100 random variables, itis shown
that in 90% of cases PSO has a submeter positioning error.

[0061] PSO has better performance with the least number of gNBs (3 or 4) while similar results from NLS (ML) require
time estimations from more LOS gNBs.

[0062] Moreover the analysis of CDF of RMSE for distance estimation demonstrate that employing a higher signal
BW between 80-100 MHz compared to 40 MHz or smaller leads to a considerable improvement.

[0063] The invention has been described above in an embodiment considering a 5GNR cellular system, but of course
it can be implemented to various other wireless technology networks, such as LTE, 3G, 4G ..., loT, and more generally
in any wireless telecommunication system comprising wireless communication devices at known positions (that can
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behave as the gNBs in the hereabove described method) and wireless communication devices (that can each behave
as the UE in the hereabove described method), using PSO on the UL or DL of any communication system that is able
to measure the range between an anchor (gNB) and an unknown coordinate device (UE) over time, power, angle,
frequency estimation.

[0064] The method steps hereabove described as performed by the LME 30 can be implemented by executing software
instructions on a processor of the LME. Alternatively, it can be implemented by dedicated hardware, typically a digital
integrated circuit, either specific (ASIC) or based on programmable logic (e.g. FPGA/Field Programmable Gate Array).

Claims

1. Communication device positioning estimation method in a wireless telecommunication system (1) comprising a
plurality of communication devices (10) connected through wireless telecommunication links (2), said method com-
prising the following steps implemented by at least an electronic system (LME 30) connected to said wireless
telecommunication system (1):

- predefined reference signals (SRS) being transmitted at a given time on said telecommunication links (2)
between a communication device (10) whose position is to be estimated, called hereafter UE, and each one of
at N communication devices (20) whose positions are known and called hereafter gNBs, wherein N >3, obtaining
T time values, where these T time values are :

o N Times of Arrival, each being the Time of Arrival of predefined reference signal transmitted between the
UE (10) and a respective one of the N other gNBs (20); or

o N-1 Time Differences of Arrival calculated by subtracting the Time of Arrival of predefined reference signal
transmitted between the UE (10) and a chosen one of the N gNBs (20) to the Time of Arrival of predefined
reference signal transmitted between the UE and each one of the N-1 other gNBs;

- transposing the T obtained time values into T distance values and using the known positions of the gNBs,
determining a set of T non linear equations, the unknown values of this set of equations comprising the UE
position coordinates to be estimated;

- estimating the UE position coordinates by solving the set of nonlinear equations through implementation of a
Particle Swarm Optimization method wherein at each iteration of said Particle Swarm Optimization method, a
plurality of candidate UE positions corresponding to the swarm particles are updated based upon the position
and velocities of the swarm particles.

2. Communication device positioning estimation method according to claim 1, wherein further to the transmission of
a said predefined reference signal between anyone of the N gNB and the UE, only the first peak in the received
predefined reference signal impulse response in the time domain is considered to obtain the time values.

3. Communication device positioning estimation method according to claim 1 or 2, wherein the number of swarm
particles is greater than 200.

4. Communication device positioning estimation method according to anyone of the previous claims, wherein N = 3
or 4 and the UE (10) is in the Line-Of-Sight with the gNBs (20).

5. Communication device positioning estimation method according to anyone of the previous claims as User Equipment
positioning implemented in a 5G wireless communication network using UL nrSRS or DL-nrPRS with 80-100MHz
bandwidth.

6. Computer program, adapted to be stored in the memory of a communication device positioning estimation system
(30) further comprising a microcomputer, said computer program including instructions which, when executed on
the microcomputer, implement the steps of a method according to anyone of the preceding claims.

7. Communication device positioning estimation system (30) adapted for positioning estimation, in a wireless telecom-
munication system (1) comprising a plurality of communication devices (10) connected through wireless telecom-
munication links (2);
predefined reference signals (SRS) being transmitted at a given time on said telecommunication links (2) between
a communication device (10) whose position is to be estimated, called hereafter UE, and each one of at N commu-
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nication devices (20) whose positions are known and called hereafter gNBs, wherein N >3, said communication
device positioning estimation system is adapted for obtaining T time values, where these T time values are :

N Times of Arrival, each being the Time of Arrival of predefined reference signal transmitted between the UE
(10) and a respective one of the N other gNBs (20); or

N-1 Time Differences of Arrival calculated by subtracting the Time of Arrival of predefined reference signal
transmitted between the UE (10) and a chosen one of the N gNBs (20) to the Time of Arrival of predefined
reference signal transmitted between the UE and each one of the N-1 other gNBs;

said communication device positioning estimation system being further adapted for transposing the T obtained
time values into T distance values and using the known positions of the gNBs, for determining a set of T non
linear equations, the unknown values of this set of equations comprising the UE position coordinates to be
estimated;

the communication device positioning estimation system being then adapted for estimating the UE position
coordinates by solving the set of nonlinear equations through implementation of a Particle Swarm Optimization
method wherein at each iteration of said Particle Swarm Optimization method, a plurality of candidate UE
positions corresponding to the swarm particles are updated based upon the position and velocities of the swarm
particles.

Communication device positioning estimation system (30) according to claim 7, adapted for obtaining the time values
by using only the first peak in the predefined reference signal impulse response in the time domain received further

to the transmission of a said predefined reference signal between anyone of the N gNB and the UE.

Communication device positioning estimation system (30) according to claim 7 or 8, wherein the number of swarm
particles is greater than 200.

Communication device positioning estimation system (30) according to anyone of claims 7 to 9, wherein N = 3 or 4
and the UE (10) is in the Line-Of-Sight with the gNBs (20).

10
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