
Research on Simulation Method of 5G Location
Based on Channel Modeling

Chi Guo2, Jiang Yu1, Wen-fei Guo2(B), Yue Deng1, and Jing-nan Liu1,2

1 School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, China
2 GNSS Research Center, Wuhan University, Wuhan 430079, China

wf.guo@whu.edu.cn

Abstract. It is of great significance to study 5G positioning as the series of new
technologies introduced by 5G not only meeting the needs of communication
but also improve the positioning accuracy and help achieving indoor and outdoor
seamless navigation and positioning. However, 5G base stations and devices are
far from popular, and the standards of 5G positioning has not fully formed. Thus,
simulation is the main research method for studying 5G positioning. Accordingly,
we propose a 5G positioning simulation experiment scheme and give its flow
chart. The implementation ideas and the specific processes of the three consisted
parts of the simulation experiment including scene generation, signal propagation
simulation and position estimation are introduced. Furthermore,we carry out some
experiments to verify the 5G simulation environment established by the scheme
and make a simple discussion about the results.
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1 Introduction

In recent years, the development of the fifth-generation (5G) mobile communication
system is in full swing. Enhanced mobile broadband (eMBB), massive machine type
communication (MMTC), and ultra reliable & low latency communication (URLLC)
are the three main application scenarios of 5G [1]. In order to meet the needs of the
above scenarios, many new technologies and features have been introduced by 5G,
including high-frequency carrier and large bandwidth, massive multiple-input multiple-
output (MIMO) and beamforming, ultra-dense network (UDN), device-to-device (D2D)
[2] and others. These technologies can solve communication problems and also provide
a lot of key features required for positioning, making 5G positioning be of great research
value. The traditional global navigation satellite system (GNSS) is hard to apply to indoor
environment. The databases of fingerprints used in Wi-Fi and Bluetooth positioning are
difficult to build. By comparison, 5G positioning is expected to achieve both accuracy
and convenience, and realize indoor and outdoor seamless navigation and positioning.

Currently, there are two ideas for 5G positioning. One is to establish a 5G-based
assisted-GNSS (A-GNSS) system [3] basedon the evolutionof the existingLTEnetwork-
based A-GNSS. The other is to regard the 5G network as a satellite positioning network
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on the ground [4]. Each 5G base station is similar to a pseudo-satellite, the base station
receives the GNSS signal for its own positioning, and uses the time service to obtain
a high precision time reference and maintain synchronization in the network. Its syn-
chronization accuracy can reach nanoseconds [5]. And thus, time synchronization is a
precondition for positioning in this paper. Base station can simultaneously broadcast the
communication information and the positioning information, as shown in Fig. 1. Accord-
ing to the known base station location, base station can locate the user by receiving and
processing the positioning information.

Fig. 1. Schematic diagram of 5G positioning

This paper adopts the second idea and proposes a 5G positioning simulation scheme
with reference to the GNSS system. The scheme has the following advantages:

(1) The scheme avoids the complex signal processing process. It has improved amature
channel simulator from the perspective of positioning, which makes the acquisition
of observations easier and reduces the difficulty of simulation.

(2) The scheme has rich parameter/scene settings, making it convenient to study the
impact of different factors on the positioning which mainly including the num-
ber of base stations using for positioning, the distribution of base station, line of
sight(LOS), non-line-of-sight (NLOS), multipath, and carrier bandwidth.

(3) The scheme introduces the map of real world and will play a guiding role when
deploying base stations.

(4) The scheme is able to learn from the rich research results in GNSS field to solve
5G positioning problems.
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2 Related Work

2.1 Development of Mobile Location and New Features of 5G

Researches on the use of mobile communication systems for positioning have increased
since the enactment of the E911 Act in the United States, generating a variety of posi-
tioning technologies such as the cell ID (CID) positioning in the 2G era, and the observed
time difference of arrival (OTDOA) positioning in the 3G and 4G eras [6, 7]. The posi-
tioning effect of 5G is expected to make a breakthrough [6, 7] (see Table 1) cause the
new technologies introduced. These key technologies are briefly described below.

Table 1. Positioning effect comparison of communication standard in different generations.

Generations Positioning error Orientation estimation Positioning delay

2G >100 m None >1 s

3G >50 m None >1 s

4G <50 m None >1 s

5G (expected) <0.1 m <1° �1 s

1. High frequency carrier and large bandwidth can reduce the multipath effect due to
the sparsity of high frequency carrier channel, and its large bandwidth can improve the
resolution of time measurement and positioning accuracy. 2. MIMO and beamforming
can enhance coverage and improve the accuracy of angle measurement. 3. The UDN
structure of the base station improves the probability of LOS communication between
the user and base stations, helping to achieve high precision positioning and indoor
positioning. In addition, the newly-introduced device-to-device (D2D) communication
through 5G standard makes it possible to achieve cooperative locating of equipment,
which is helpful to solve the problem when it lacks reference station [8].

Based on these new features, the researchers conducted a series of studies on 5G
positioning.

2.2 Research Status and Relevant Standards

Positioning is quite complex because there are a lot of problems to be solved such as
frequency selection, waveform designing, channel modeling, the acquisition of observa-
tions and the derivation of localization algorithms [9, 10]. The research of 5G positioning
also has many categories.

There are two main categories in terms of the overall structure of positioning. One is
to establish a 5G-based A-GNSS system or similar system [3], and the other is to extend
the 5G network into a pseudo-satellite system [4], using pseudo-range for positioning.
As far as the current researches go, more studies have conducted based on the second
structure (see Table 2).

In terms of frequency band for positioning, these two carrier frequencies (sub6 GHz
and millimeter wave band) will coexist for a long time in 5G network due to the need of
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Table 2. Major research directions of 5G positioning

Directions Content

Frequency band Sub6 GHz, Millimeter wave

Signal waveform Common waveform/self-designed

Positioning strategy Uplink signal of network side/downlink signal of user side

Time synchronization Requirement, error source, solution

Channel Modeling METIS, WINNER II, 3GPP, NYU

both coverage and rate. The two kinds of signals show different features in many aspects
due to the differences in frequency, and thus different researches on the two frequency
bands have been conducted. Koivisto M et al. made a detailed study on the architecture
and positioning method of 5G positioning system in sub6 GHz frequency band. They
deduced the theoretical performance of 5G positioning [11], and proposed the method
of multi-layer filtering to gradually extract the observations and position [12]. They also
considered the effect of synchronization. In the research of millimeter wave positioning,
Wymeersch H et al. [6] focused on vehicle positioning. They comprehensively analyzed
the impact of 5G new features on positioning, summarized the relevant research direc-
tions of 5G positioning, and gave a theoretical positioning accuracy of the millimeter
wave band. Shahmansoori A et al. [13, 14] had a more detailed study. Under the car-
rier of 30 GHz, they derived the Cramer-Rao Lower Bound in 5G positioning under
LOS/NLOS with TOA and DOA as observations.

In addition, some scholars have also done research on waveform, positioning strat-
egy, time synchronization and other aspects. Cui et al. [8] and Dammann A et al. [15]
made a detailed comparative study separately to discuss the influence of different sig-
nal waveforms on the positioning effect. Abu-Shaban Z et al. explored the impact of
using the uplink/downlink on the positioning effect [16]. Li H et al. studied the require-
ments of time synchronization for 5G positioning [17], and explored the factors affecting
synchronization and the degree of the effects.

The channel model plays an important role in 5G positioning. Firstly, the channel
model contains the geometric relationship and propagation information between the
observed value and the position to be estimated, and the accuracy of the position esti-
mation is highly dependent on this information [9]. Secondly, the channel model can be
used to derive positioning algorithms, and analyze the positioning performance [18, 19].
Finally, constructing a 5G positioning simulation environment also requires a channel
model to provide observations. Therefore, articles or standards on 5G channel modeling
are also introduced. At present, there is no unified standard for channel modeling of
5G. The commonly-used channel models include METIS [20], WINNER II [21], and
related models of 3GPP [22]. It is worth mentioning that Rappaport T S et al. proposed
a new channel models of 5G based on a large number of actual measurements and had
compared performance with the 3GPP model [23, 24]. At the same time, they developed
a channel simulator which was open soured [25].
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Not only does the academic community care about 5G positioning, the industry also
regards positioning as an important part of 5G in the future. The 3GPP has established
a series of standards on positioning [26, 27]. The concept of 5G positioning has been
extended in the standards, which is not a single method, but comprehensively adopts var-
ious current mainstream positioning methods, including A-GNSS, OTDOA, enhanced
CID, Wi-Fi, Bluetooth, and air pressure positioning. It coincides with the current idea
of multi-source integration, and it is also a major direction for future research.

In summary, there are three aspects can be studied in 5G positioning: (1) design
aspects, including frequency selection, signal coding, andwaveform designing; (2) inter-
ference, including multipath effect, LOS, NLOS and so on; (3) system requirements,
including base station synchronization, the positioning strategy, and the solution of dif-
ferent requirements of locating and communicating such as base station distribution and
base station-user interaction modes.

It can be noted that most of the articles are verified by simulation. Simulation is
an important research method when 5G base stations and devices are not popular, and
the standards of 5G positioning have not yet fully formed. However, only few article
focus on the construction of 5G simulation environment. Therefore, how to establish
an effective simulation environment may be a major obstacle. Based on this, this paper
studies the system architecture of 5G positioning and proposes a simulation experiment
scheme, and perform the implementation of simulation as verification, which will be
significant references for researchers.

3 Scheme of the Simulation Experiment

The flowchart of 5G positioning proposed in this paper is shown in Fig. 2. The thought
was inspired by works [11, 12] of Koivisto M et al. The user moves in uniform motion
along a certain track in a certain scene, and makes a positioning request at regular
intervals. At this time, the channel simulator simulates the signal propagation process,
and gives the observations, that is, the time of arrival (TOA) and the angle of arrival
(AOA). After the observations have been imported, the positioning program estimates
the user’s position and sends it to the user, completing a circle of positioning.

According to the above process, the simulation experiment of 5G positioning can be
divided into three parts: scene generation, signal propagation simulation, and position
estimation. The implementation steps are discussed below.

3.1 Scene Generation

The scene for positioning is the basis of simulation experiment. Both authenticity and
complexity need to be considered in scene generation. Referring to the scenes in the sim-
ulation guide provided by authoritative organizations not only can reduce the workload,
but also improve the reliability of the simulation. The scene used in this paper refers to
the map of Madrid in the simulation guide [20] provided by Metis.

Two methods are taken to generate scene in this paper. One is to generate scene
randomly by the program, and the other is to import data from open source maps (such
as Open Street Map) with appropriate modification. These two methods have the same
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Fig. 2. Flowchart of 5G simulation experiment

positioning principles and processes. The introduction of the real map can increase the
practical value of the simulation, for example, guiding the layout of the base station to
obtain a better positioning effect, so we adopt these two methods.

Firstly, random scene generation is described. Four scene elements including build-
ings, roads, base stations and trajectories are finally selected after investigation [11, 12].
Random scene generation is based on buildings. And buildings with regular form are
considered in this paper, which means the buildings are arranged in a square matrix, and
the intervals between the buildings are equal and regarded as visual roads. The properties
of the building include length, width, height and location information. The simulation
guide [20] is the main reference for setting length, width and height, while the location
information can be set randomly, just make sure the calculation is convenient. Then,
base stations need to be generated. Combining the reality and simplifying it, we assume
that base stations are randomly distributed on edge of the buildings [20]. So the base
stations can be generated after obtaining data of the buildings. Another issue is how to
confirm the number and distribution of the base stations. According to the conclusions
in [12, 22, 28], the user can perform line-of-sight communication with the base station
in 80% of cases when the base station interval is not more than 50 meters. We use this
as a basis to deploy the base station. After that, the data of roads need to be generated.
This paper specifically designs the topology structure for the road network. The roads
and the directions are represented by the connection relationship of the intersections,
and the connection relationship between the roads is also generated. The coordinates of
the intersection are generated based on the building coordinates.

Next, scene generation by importing an open source map is briefly described. The
open source map that contains the buildings information and the topological information
of the road is stored in ExtensiveMarkup Language (XML) format. It is parsed by python
script and saved separately as a text file of a specific format. By reading the text file can
reproduce the buildings and the roads, then the base station is generated based on the
similar principle as described above. The topological relationships between the roads are
automatically generated based on the information contained in the XML file. Without
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additional processing, the generated map can be used in the subsequent experiments just
like the random map.

At this point, the generated scenes can meet the needs of the experiment for 5G
positioning, and the effect is shown in Fig. 3.

Fig. 3. Scenes of positioning. The left is the scene generating randomly and the right is the scene
generated according to Open Street Map (OSM).

According to the positioning process, a track randomly generated on the simulation
scene after the scene is generated. The trajectory generated in this paper is based on
the road network. It includes two generation rules [11]: 1. when comes across the inter-
section, it will randomly turn to the other three directions but cannot return the way it
came from; 2. the trajectory is considered to be over after six turns or when it go out of
the map. It is easy to obtain the trajectory required for the experiment according to the
above two generation rules and the road network data. The trajectory is represented by
a series of road numbers, similar to the polyline. To achieve periodic positioning, the
trajectory is split into a series of points based on a certain distance, and the coordinates
of the points are recorded. The splitting can be realized from the point of vector or linear
equation according to the line string of track and the known coordinates. The track point
is the minimum unit of positioning in the simulation experiment.

3.2 Signal Propagation Simulation

The track points are taken out in turn from the obtained aggregate of points. Several
base stations closest the track points are selected as the reference station for positioning.
The standard of selection is the Euclidean distance, and the number of selected base
stations can be set as needed. The signal propagation simulation can be conducted after
the base stations being selected. The simulation experiment uses the channel simulator
of New York University (NYU), an open source channel simulator of 5G developed
by Rappaport et al. based on a large amount of measured data [25]. The simulator is
simple and easy-to-use, and can provide plentiful parameters. And its simulation results
improve compared with the commonly-used models such as WINNER and 3GPP [29].
Thanks to the open source of the software, the simulator after proper modification can be
seamlessly integrated with the scene of positioning. Then the operation and principle of
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the simulator will be briefly introduced, and how to use the simulator to conduct signal
propagation will be discussed.

The simulator is easy to operate. The simulation process is automatically completed
by the program after the parameters are manually set. The input parameters are mainly
used for channel and antenna setting [25]. As far as the impact on the simulation process
is concerned, the most critical parameters are the scene parameters (sceType) and the
environment parameters (envType). The simulator selects different built-in parameters
for the subsequent simulation operations based on the combination of different scenarios
and environments. These built-in parameters are from the statistical data obtained in field
experiments under similar combinations by Rappaport team, which can better match the
real environment. The simulator conducts signal propagation simulation in 12 steps as
shown in Fig. 3. It finally gives the key values required for channel modeling, mainly
including power distribution of the angle of departure, power distribution of the angle
of arrival, omnidirectional power delay profiles, directional power delay profiles and
small-scale power delay profiles. Several key steps are described below (Fig. 4):

Fig. 4. The process of signal propagation simulation

(1) Path loss model [25]. The path loss model adopted by NYU satisfies the following
formula:

PL = 20 lg

(
4π

d0
λ

)
+ n10 lg

(
dist
d0

)
+ dist × aFA + � (1)

PL represents the path loss; d0 = 1 m is the reference distance of free space; λ is
the carrier wavelength; n = 2 is the path loss index; dist is the distance between the
base station and the user; aFA is the atmospheric attenuation factor and � is the shadow
fading, which satisfies the normal distribution with a mean value of 0 and standard
deviation of 4 dB. It is worth noting that the values of n and the distribution of � are
different as parameters are different in different scene and environment.
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(2) Simulation of multipath delay and angle

Two concepts time cluster and lobe are introduced to simulate the distribution of
multipath signals in time and space dimensions, respectively in order to simulate the
multipath in amore real way [30]. The time cluster refers to themultipath signal reaching
the receiving end intensively in a certain period of time, and the lobe describes the spatial
aggregation of the multipath signal. These two concepts are not firstly proposed in this
simulator, but in previous models or literature the multipath signals of the same time
cluster belong to the same lobe by default. However, Rappaport et al. had different
research results [30]. This is also reflected in the simulator. Time clusters and lobes are
generated separately with no binding between them.

According to the source code, the simulator completed the simulation of multipath
in steps 3, 4, 5, 7, 10, and 11 step by step. In step 3, the number of time clusters and lobes
that occur during a signal propagation process is simulated. According to the measured
data, the number of time clusters obeys a uniform distribution of 1–6, and the number
of lobes of the transmitting and the receiving end satisfies the Poisson distribution. And
the parameters are obtained from the measured data and built in the simulator. In step
4, the simulator simulates the number of multipath signals in each time cluster, which
obeys a uniform distribution of 1–30. In step 5, the simulator simulates the appearance
time of each multipath signal relative to the time cluster, it satisfies the formula derived
from the measured data. In step 7, the simulator simulates the appearance time of each
time cluster. The appearance of the time cluster obeys the exponential distribution. On
this basis, the duration of the cluster and the correction of cluster spacing are added. In
step 10, the simulator simulates the absolute propagation time of each signal, by sum up
of the quotient obtained by dividing the distance by the speed of light, the result of step
5 and step 7. In step 11, the angle of arrival and the angle of the departure of the signal
are simulated. The space is equally divided according to the number of lobes, and then
an angle is randomly selected as the central angle in each aliquot. For each signal, first
randomly select the interval in which it falls, then it will fall near the central angle of the
interval, and the distribution of obedience is Gaussian or Laplacian, and the parameter
is angle. The angle value and the specific distribution are obtained from the measured
data and are built in the simulator.

The propagation delay and the angle of departure and arrival of 5G signals are
gradually generated during the simulation process of the channel simulator, which are the
observations required for positioning. But there is a contradiction between the original
simulator and the experiment of positioning that is the distance and angle of signal
propagation are randomly generated by the simulator but the positional relation between
the user and the base station in the positioning scenario is fixed. The contradiction is a key
issue to be solved in this paper. It is solved by modifying the simulator based on the in-
depth study on the simulator code. The specific idea is to calculate the geometric position
relationship between the user and each base station at each track point, including the
distance and angle, and then input it as a parameter into the channel simulator. After that,
the random generation of the channel simulator is changed to a semi-random generation
based on the input parameters. The output is the delay and angle from the user to each base
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station. Therefore, the simulation of the signal propagation process and the acquisition
of observations are completed.

3.3 Position Estimation

Position estimation is the final process after completing the simulation of signal propa-
gation and obtaining the TOA and DOA data. It is not difficult to make an observation
equation based on the known geometric relationships. The result of position estimation
can be obtained after the observation equation is linearized and solved iteratively by the
least squares.

The observation equation is as follows:

Zi(k) =
⎡
⎣AODAzi

AODele

Ct

⎤
⎦ =

⎡
⎢⎢⎣
arctan y−ys

x−xs
arctan z−zs√

(xs−x)2+(ys−y)2√
(xs − x)2 + (ys − y)2 + (zs − z)2

⎤
⎥⎥⎦ (2)

Zi(k) is the observation value of the i-th base station at time k; AODAzi is the angle of
arrival in the horizontal direction; AODele is the angle of arrival in the vertical direction;
t is the propagation delay and C = 3× 108 m/s. (xs, ys, zs) is the coordinates of the i-th
base station closest to the user at time k; (x, y, z) is the coordinates of the user at time k.

Linearize the Eq. (2) at the approximate coordinate X0(k) and gain:

Zi(k) = Hi(k)x(k) + Z0
i (k) (3)

Where Hi(k) is the linearized Jacobian matrix; Z0
i (k) is the approximate value of

the observation at X0(k) and x(k) is the difference between X0(k) and the true position
(x, y, z). The specific expressions are listed below:

x(k) =
⎡
⎣�x

�y
�z

⎤
⎦ Z0

i (k) =
⎡
⎢⎣

arctany0−ys
x0−xs

arctan z0−zs√
d3√

d2

⎤
⎥⎦

d2 represents the geometric distance from the base station toX0(k) and d3 represents
the length of projection on the plane where X0(k) lies.

d2 = (xs − x0)
2 + (ys − y0)

2

d3 = (xs − x0)
2 + (ys − y0)

2 + (zs − z0)
2

Hi(k) =

⎡
⎢⎢⎣

ys−y0
d2

−(xs−x0)
d2

0
(z0−zs)(xs−x0)

d2
√
d3

(z0−zs)(ys−y0)
d2

√
d3

√
d3
d2−(xs−x0)√

d2

−(ys−y0)√
d2

−(zs−z0)√
d2

⎤
⎥⎥⎦
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In formula (3), let:

z(k) =

⎡
⎢⎢⎢⎢⎣

Z1(k) − Z0
1(k)

...

Zi(k) − Z0
i (k)

...

⎤
⎥⎥⎥⎥⎦H(k) =

⎡
⎢⎢⎢⎢⎣

H1(k)
...

Hi(k)
...

⎤
⎥⎥⎥⎥⎦

Then:

z(k) = H(k)x(k) (4)

For Eq. (4), the least square solution is

x(k) =
(
HT(k)H(k)

)−1
HT(k)z(k) (5)

Then, the estimation of the user’s location is:

X̂(k) = X0(k) + x(k) (6)

The above is a complete process of position estimation. Usually, there are some
requirements for the positioning accuracy. Thus, it is often difficult to meet this require-
ment by performing estimation only once. It is generally necessary to improve the
accuracy by an iterative method.

The algorithm is as follows:

Al orithm 1 Least Square
Input:
O
1.While 
2. Calculate 
3. 

4.
5.e

X0(k) = [
x0, y0, z0

]T can be initially given by the user through GNSS, or can
be assumed to be the center position of several nearby base stations. It is then iter-
ated continuously according to the above algorithm until it meets the given accuracy
requirements.

4 Experiment and Discussion

The 5G simulation environment can be built up based on the previous section, however,
it needs to be verified whether it is effective or it can support further research. For this
purpose, some important factors that will influence the positioning effect are found out.
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These factors are used in experiments as variable, and we can test the environment by
observing whether the results change as expected or not. At the same time, there are
many meaningful results in these experiments to be described. However, the reason is
not the theme of this paper.

We get the positioning results from the observation Eqs. (2). These important factors
can be found by analyzing the observation Eqs. (2). TOA and AOD finally decide the
results, so each factor that affects TOA and AOD will influence the positioning effect.
Considering the whole propagation process, such factors mainly include the number of
base station, LOS/NLOS, multipath effect, and carrier frequency & bandwidth. Besides,
in GNSS positioning, the distribution of base station will affect the Geometry dilu-
tion of position which has great influence in positioning result. The distribution may
also have influences as our scheme is based on GNSS. In here, factors and experiments
settings are listed in Table 3.

Table 3. Settings of simulation experiments

Scene and
estimation
method

Carrier
frequency
and
bandwidth

Number
of base
stations

Base station
distribution

LOS/NLOS Multipath
effect

Random
map + least
squares

3.5–100
28–400
77–800

1/2/3/4 None None None

Random
map + least
squares

3.5–100
28–400
77–800

1/2/3/4 Random/Adjustment None None

OSM map
+ EKF

3.5–100
28–400
77–800

1/2/3/4 Random/Adjustment LOS/NLOS Single/multi

Experiments were conducted in the simulation environment according to the exper-
imental settings described above. Only a few representative results were selected to dis-
play and discuss because the results of the experiments were numerous and somewhat
repetitive.

4.1 The Influence of the Number of Base Stations for Positioning

The number of base station decides the number of observation. Each base station will
offer three observations. As there are three unknowns to be solved, 1 base station is
needed at least. Adding base stations can make positioning result get better. In this
experiment,we test the simulation environment’s ability of simulating the specific impact
of the number of base stations on the positioning effect.

Positioning was performed using a 3.5 GHz–100 MHz signal on the random map.
Under the condition the base stations were randomly set, the number of base stations
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used for positioning increased from one to four. The location estimation was performed
by the least squares, and the positioning effects of different number of base stations are
shown in Fig. 5.

Fig. 5. Results of influence of different number of base stations for positioning

The results include the upper part and the lower part. The upper part shows the
effect of the number of base stations on the Position Dilution of Precision (PDOP).
PDOP characterizes the influence of measurement error on the final result of positioning.
Generally speaking, the smaller the PDOP is, the better the observation condition is. The
horizontal axis is the Track Point ID, represents different track points, and the vertical
axis is the PDOP. The upper images show the PDOP value at each track point. The lower
part shows the influence of the number of base stations on the positioning accuracy. Here,
the horizontal axis is still the Track point ID, but the vertical axis is �, which represents
the geometric distance in meters between the estimation result and the true value. The
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lower images show the positioning result on each track point. The later experimental
results also conform to the above description.

There is no PDOP value when there is only one base station in Fig. 5 because there
is no redundant observation with only one base station. When further analysis is carried
out, it can be found that some outliers greatly affect the performance of the graphics as
shown in Fig. 5. These outliers are actually the points with large positioning error, for
example, the iteration does not converge.By adding constraints to the programof position
estimation, these points can be found and eliminated, and the success rate of positioning
can be used to characterize this situation. The success rate of positioning obtained by
dividing the total number of experiments by the number of successful experiments under
a certain condition of experiment. The success rate of positioning with different number
of base stations is shown in the table below (Table 4).

Table 4. Success rate and number of base stations

The number of base stations 1 2 3 4

The success rate of positioning 98.56% 98.56% 99.64% 100%

On the basis of the above, the following results are obtained by removing the outliers
(Fig. 6).

From the perspective of PDOP, the PDOP values are different with different number
of base stations. As a whole, the more the base stations there are, the smaller the PDOP
is. Specifically, the PDOP becomes smaller in most points when the number of base
stations increases from 2 to 3, and when the number increases from 3 to 4, only points
with larger PDOP can become smaller. In addition, the PDOPs at different track points
are different when the number of base stations is the same. It may be caused by different
distribution of base stations. From the perspective of positioning accuracy, the results are
similar to that of PDOP, that is the more the number of base stations there is, the higher
the accuracy of positioning is. The positioning accuracy is about 2 m when the number
of base stations increases from 1 to 2, and it is about 0.1 m when the number of base
stations increases from 3 to 4, neither of them have obvious improvement. However, the
positioning accuracy changes significantly when the number of base stations increases
from2 to 3.Additionally, the positioning accuracy is different on different track points. In
general, the positioning accuracy is agreed with the curve of the PDOP. The positioning
accuracy is low when the PDOP is large, and the positioning accuracy is high when the
PDOP is small, which is similar with GNSS.

4.2 Distribution Influence of the Base Station

InGNSS system, the geometrical distribution of satellites has a large impact on the results
of positioning. Itmay also have influence in the proposed scheme.This experiment is used
to test whether the environment can explore the influence of the geometrical distribution
of base stations.
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Fig. 6. Result of influence of different number of base stations for positioning (without outliers)

In the OSM map, the frequency of the signal used for positioning is set to 3.5 GHz–
100 MHz; the number of base stations used for positioning is 4, and the estimation
method of positioning is least squares. The geometric distribution of the base station and
the final effect of positioning are shown below (Figs. 7, 8 and 9).

Comparing the scene graphs before and after the base station supplementation (Fig. 7,
Fig. 8), it can be seen that two base stations are added on both sides of the scene, and
a total of four base stations are added. It can be seen from the result graph (Fig. 9) that
before the base station is supplemented, there are three regions in the trajectory with
large PDOP, correspondingly, resulting in three regions with large errors of positioning.
By supplementing the base station, it can be seen that the PDOP of the original three
regions is greatly reduced, and the accuracy of positioning is improved. It can be seen
that the arrangement of the base station has a great influence on the positioning accuracy.

The simulation program in this paper can represent the real-time positioning effect of
the user in the scene in the form of error ellipse. It is also the basis for supplementing the
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Fig. 7. Base station in random Fig. 8. Base station with judgement

Fig. 9. The influence of the arrangement of the base stations

base station, that is, supplementing the base stations in the area where the error ellipse is
large. The experimental results show that supplementing a small number of base stations
in key areas can greatly improve the effect of positioning. The simulation program in
this paper helps to find these key areas.

4.3 Multipath Effect

The multipath effect still exists in the 5G positioning, and this experiments is to test
can it be studied through the simulation environment established in this paper. All path
signals are weighted to calculate their observations according to the received intensity of
signal, then the positioning under the multipath effect is simulated, and the positioning
result of the first-path used as reference.
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Localization was performed using a 3.5 GHz–100 MHz signal on the OSMmap; the
number of base stations used for positioning is 4 under the condition that the base stations
are supplemented. The effect of positioning with EKF under the first path/multipath is
as follows (Fig. 10):

Fig. 10. Multipath effect

The accuracy of the first-path positioning by using the EKF method is lower than
that obtained by using the least squares. The main reason is that there is no iteration in
EKF code in this paper in order to improve efficiency.

The experimental results showed that the multipath and the first path have the same
PDOP but quite different positioning effect. The main reason is that the multipath intro-
duces large measurement error. Multipath effect in 5G positioning still has a great influ-
ence on the effect of positioning. It is a must to eliminate the impact of multipath in
order to achieve high-precision positioning. It can be seen that most of the positioning
errors are still in the range of 5 m–10 m in the multipath environment, which can meet
the needs of most location services if the accuracy requirement is not very high.

4.4 LOS/NLOS

Choosing different LOS/NLOS parameters can simulate signal propagation in both LOS
and NLOS environments. With this, the simulation environment of this paper may have
ability in studying the influence of line-of-sight on the effect of positioning, and it is
tested in this experiment.

In the channel simulator, the observations are different under LOS and NLOS con-
ditions. While in the LOS condition the arrival angle of the first-path signal is corrected
so that the difference between the arrival angle and the departure angle is maintained
at 180°, then all the multipath are adjusted according to the corrected results, so that
their characteristics satisfy the LOS condition better. And this correction is not con-
ducted in the NLOS condition. In order to fully demonstrate the difference between
LOS and NLOS, multipath position is used to compare the influence of LOS and NLOS
on positioning.

Localization was performed using a 3.5 GHz–100 MHz signal on the OSM map;
the number of base stations used for positioning is 4 under the condition that the base
station is supplemented. The effect of positioning using EKF under LOS/NLOS is as
follows (Fig. 11):
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Fig. 11. LOS/NLOS effect

The results show that the positioning error in the NLOS condition is larger than that
in the multipath effect, and the positioning error of about 5 m is expanded to nearly
20 m. Therefore, it is essential to ensure the LOS in order to achieve high-precision
positioning. That is, a high-density base station network is the basis for high-precision
5G positioning.

4.5 Other Findings

There are some other findings in this article except for the above representative
experiments.

In this paper, the positioning effects of different carrier bandwidth signals are tested.
In various combination scenes. The positioning effect is somewhat different but not
significant. In short, carrier bandwidth signals with frequency from 3.5 GHz to100 Mhz
work best in the simulation program.

Comparing the positioning effects of EKFand least squares, the least squares requires
more positioning base stations andbetter geometric distribution, and its positioning effect
is slightly better than EKF. Two methods are used depending on the actual positioning
condition. EKF is preferred in poor positioning condition while the least squares are
used when the positioning condition is superior.

5 Conclusion

As one of the most popular technologies, 5G can be used not only in the field of commu-
nication, but also in the field of positioning. This paper first discusses the general idea of
5G positioning, namely 5G A-GNSS and pseudo-satellite. Next, new 5G technologies
can help locating are introduced, including millimeter wave, MIMO and beamforming,
and UDN. At the same time, the current research and standards related to 5G position-
ing are classified and explained, mainly comprising frequency, waveform, positioning
strategy, time synchronization, channel model and so on.

We have proposed a 5G positioning simulation experiment scheme and presented its
flow chart. Then the implementation ideas and the specific processes of the three main
parts of the simulation experiment including scene generation, signal propagation simu-
lation and position estimation are introduced. On this basis, we have carried out a large
number of experiments by changing the system settings, and obtained corresponding
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experimental results. The ability of the simulation environment established in this paper
has been verified, and the factors affecting the effect of 5G positioning have been briefly
analyzed.

Certainly, there are still some shortcomings in this article. We only use the channel
simulator on a relatively basic level. We haven’t fully utilized its powerful capabilities
on simulation thus it is difficult to effectively simulate the impact of carrier bandwidth
on positioning. We haven’t optimized the algorithm used for positioning either. These
are the aspects we will study in the future.
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