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Abstract:

This paper explores the application of 5G communication
technology in high-precision navigation and positioning
systems. 5G, with its low latency, high bandwidth, and
advanced features such as millimeter-wave communication,
Massive MIMO, and edge computing, has revolutionized
the accuracy and reliability of positioning systems. The
study highlights the use of millimeter waves in both
outdoor and indoor environments, where it provides high
precision, even under challenging conditions like signal
obstruction or adverse weather. Massive MIMO further
enhances spectral efficiency and enables sophisticated
functionalities such as multi-target tracking and relative
attitude estimation, particularly in unmanned aerial
vehicles (UAVs). Edge computing is identified as a critical
enabler for real-time data processing, reducing latency
and improving power efficiency in UAV navigation
systems and emergency evacuation applications. Through
a comprehensive review of these technologies, the paper
discusses the potential of 5G in driving innovation in
navigation systems while also addressing key challenges
such as signal obstruction and power consumption. The
findings underscore the transformative role of 5G in
navigation and its implications for future research and
industrial applications.
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1. Introduction

5G technology offers higher data transmission speeds
and lower latency, meeting the needs of various ap-

5G communication technology (5th Generation  pjication scenarios such as Ultra HD video, augment-
Mobile Networks) is the next generation of ereless ed reality (AR), virtual reality (VR), the Internet of
communication technology standards following 4G. Things (IoT), autonomous driving, and smart cities.



As information technology continues to develop rapidly,
5G communication technology, with its high speed, low
latency, and massive connectivity, is quickly becoming a
driving force for technological innovation across various
industries. 5G technology can offer higher transmission
rates and lower latency. 5G technology also can introduce
new technologies such as millimeter-wave communica-
tion, Massive MIMO, and edge computing [1,2]. These
advancements greatly enhance positioning accuracy and
anti-interference capabilities, providing new possibilities
for the further development of high-precision navigation
and positioning systems. However, research shows that al-
though 5G’s high-frequency millimeter-wave signals offer
greater bandwidth and speed, they are easily obstructed
by buildings, trees, walls, and other obstacles [3]. This
can lead to unstable navigation signals in urban or indoor
environments, impacting the accuracy and continuity of
navigation.

Therefore, this paper aims to provide researchers and prac-
titioners with a clear perspective on how 5G technology is
driving the development of high-precision navigation and
positioning through a comprehensive review and analysis
of existing literature. It also aims to reveal potential di-
rections and challenges for future research. In the context
of the continuous evolution of 5G technology, exploring
its potential in the field of navigation and positioning not
only has academic value but also provides important tech-
nical support for emerging industrial applications. Firstly,
the paper will provide an overview of 5G communication
technology. Then it will focus on introducing the appli-
cation of millimeter waves, Massive MIMO, and edge
computing in navigation and positioning systems. Finally,
it will summarize the challenges and future development
of 5G navigation.

1.

2. Millimeter Wave’s Application in
Navigation

Initially, it was mainly used for outdoor vehicle detection
and distance measurement. With the growing demand for
indoor positioning accuracy, researchers started exploring
the potential of millimeter-wave radar in indoor environ-
ments. By extracting and analyzing reflection information
from radar signals, millimeter-wave radar can achieve
high-precision positioning and tracking of indoor targets.
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Today, millimeter-wave radar has become an important
technology in indoor positioning, widely used in smart
homes, autonomous driving, and medical detection. Its
high precision, strong anti-interference capability, and
harmlessness to the human body give millimeter-wave
radar significant advantages in indoor positioning applica-
tions.

Millimeter-wave technology achieves high precision and
reliability in indoor positioning through methods such as
multipath propagation, TDOA, AOA, and FMCW radar.
3.

3.1 Mmultipath Propagation and Reflection In-
formation

Yunchou Xing et al measured reflection and scattering
measurements of drywall at 28, 73, and 142 GHz [4].
The results show that millimeter-wave signals in indoor
environments undergo multipath propagation, where the
signals reflect off walls, ceilings, furniture, and other ob-
stacles. Millimeter-wave radar can capture these reflected
signals and use the characteristics of multipath propa-
gation for positioning. By analyzing the time delay and
strength of these reflected signals, millimeter-wave sys-
tems can determine the position and movement trajectory
of target objects.

Therefore, in indoor positioning, this multipath effect can
be fully utilized to improve positioning accuracy by ana-
lyzing and processing these multipath signals.

3.2 Time Difference of Arrival (TDoA)

Time Difference of Arrival (TDoA) is a positioning tech-
nique used to determine the location of a signal source by
measuring the time difference of the signal arriving at dif-
ferent receivers. TDoA is widely used in various scenarios
requiring high-precision positioning, particularly in fields
such as wireless communication, navigation and the Inter-
net of Things (loT).

This method utilizes multiple millimeter wave base sta-
tions [5]. Two base stations measure the arrival time dif-
ference of the signal emitted by the mobile station, which
is then converted into the distance difference between the
mobile station and the two base stations. By selecting dif-
ferent base stations, multiple hyperbolas can be obtained.
Then their intersection point indicates the position of the
mobile station. The TDOA positioning diagram is shown
in Fig. 1.
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Fig. 1 TDoA positioning diagram

Assume the coordinates of base station BS1 are (x1, y1),
the coordinates of base station BS2 are (x2, y2), and the
coordinates of base station BS3 are (x3,y3). The coordi-
nates of the mobile station MS to be determined are (x,y).
The time difference of the signal arrival from the mobile
station to base stations BS1 and BS2 is T21. Therefore,
the distance difference between the mobile station and
base stations BS1 and BS2 (d21) is ¢ - T21, where c is the
speed of light. Similarly, the distance difference between
the mobile station and base stations BS1 and BS3 is d31.
By solving the equations in (1), the coordinates of the mo-
bile station MS can be determined.
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3.3 Angle of Arrival (AoA)

The AoA (Angle of Arrival) positioning process involves
the millimeter wave base station receiving signals through
an array antenna [6]. By analyzing the angular differences
in the signal arrival at the antenna array, the position of
the target can be determined. The AoA positioning dia-
gram is shown in Fig. 2. This method combines spatial
resolution and angular information to provide high-preci-
sion positioning results.
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Fig. 2 AoA positioning diagram
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In 5G networks, AoA technology combined with beam-
forming technology allows base stations to adjust the
beam direction of their antenna arrays by accurately mea-
suring the angle at which a mobile user’s signal arrives
[7]. This enhances signal quality and coverage, thereby
improving spectral efficiency and system capacity.

2.4 Frequency Modulated Continuous Wave
(FMCW) Radar

FMCW Radar is a commonly used technology for milli-
meter wave indoor positioning [6]. The FMCW radar sys-
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tem block diagram is shown in Fig. 3. FMCW radar can
emit a continuously frequency-modulated signal, and then
analyse the frequency difference between the transmitted
and received signals (known as the Doppler shift). After
that, the radar system can calculate the distance and speed
of the target. FMCW radar is characterized by high accu-
racy, strong anti-interference capabilities and low power
consumption [8]. As a result, FMCW radar plays a sig-
nificant role in many fields such as autonomous driving,
industrial measurement, weather monitoring and security
surveillance.
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Fig. 3 FMCW radar system block diagram

3. Massive MIMO

The fundamental theory of MIMO technology was first
introduced by researchers in the 1990s. During this pe-
riod, research mainly focused on the theoretical models
and performance analysis of MIMO systems, such as how
to increase the capacity and reliability of communication
systems through multiple transmit and receive anten-
nas. The 5G communication system extensively utilizes
MIMO technology, particularly Massive MIMO, which
greatly enhances network capacity and data rates by de-
ploying many antennas at the base station. The 5G net-
work also leverages millimeter-wave frequencies, which,
when combined with MIMO technology, further improves
the performance of communication systems. The combi-

nation of millimeter-wave’s high bandwidth and MIMO
technology’s high capacity lays the foundation for future
wireless communications.

Massive Multi-Input-Multi-Output (M-MIMO) has been
one of the most important trend points in communication
in the last decade in terms of its extraordinary perfor-
mance of spectral efficiency gain, which reflects its ability
to utilize the channel [9]. Although it still needs improve-
ments in power consumption and receiver saturation
which is due to the received signal amplitude being larger
than the receiver threshold, it has still contributed to the
performance of contemporary high-user density networks
to a significant degree. The basic structure of the M-MIMO
system is shown in Fig. 4 below.
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Fig. 4 The conventional architecture of the receiver of the M-MIMO system [9]

3.1 Multi-Target Tracking (MTT)

MTT is one of the core functions of modern unmanned
aircraft navigation systems. With MIMO enabled, MTT
allows one unmanned aircraft vehicle (UAV) to track mul-
tiple targets at the same time, while numerous UAVs will

#g* UAV - CMR Node
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form a navigation system to improve accuracy and power
efficiency. Jiahui Yang et al [10] stated in their research
that with MIMO integrated into their multi-UAV radar
system, the UAVs kept a balanced tracking accuracy on
multiple targets through coordinated cooperation. A typi-
cal case of MTT application is shown in Fig. 5 below.

Fig. 5 Concept of multi-UAV MIMO Radar system for MTT [10]

3.2 Relative attitude estimation

MIMO also helps the UAV itself in navigation, e.g. atti-
tude estimation. As shown in Fig. 6 below, Attitude esti-
mation can help maintain appropriate stability and control,
and it consists of 3 Degrees of Freedom (DoF), e.g. yaw,
pitch and roll angles. While traditional small inertial sen-
sors show poor performance on small UAVs and the GPS

method can only provide 2 DoFs at the same time, Jon W.
Wallace et al [11] conducted research on the possibility of
cooperative relative attitude estimation between 2 UAVS
through MIMO, in which numerous RF resources includ-
ing antennas and radios are used to obtain two of the three
DoFs through direction finding, while MIMO is being
used to calculate the third.
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Fig. 6 The reference coordinates system of
two UAVS [11]
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4. Edge Computing

4.

Edge computing which is an opposite concept when com-
pared to cloud computing, is a core feature of contempo-
rary 5G communication networks. As shown in Fig. 7 be-
low, in previous cases when cloud computing is used more
often all the data and computations are being processed in
central cloud servers, which will cause inevitable delays
and unnecessary network burdens [12]. Nowadays on the
Internet of Things (loT) edge computing is being imple-
mented as an alternative solution to perform the computa-
tion offloading, data caching and real-time data processing
at the edge of the network to improve response latency,
extend the battery life of the terminal devices, and as well
as improve information privacy [13,14]. All of this cannot
be realized without 5G service that provides low latency
and high bandwidth wireless communication links.
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Fig. 7 The structure of cloud computing versus edge computing. [13]

4.1 Data offloading

Vision-based odometry has now become one of the core
methods of UAV navigation systems, while on the con-
trary, the size of the UAVs limits the on-board computa-
tion power to process the image in the required time [2].
Samira Hayat et al analyzed the advantages of utilizing
edge computation centres to enable real-time vision-based
autonomous navigation for terminal drones. The results
suggest that edge computing benefits UAV navigation by
reducing processing time and terminal power consump-
tion. This can be achieved through either partial offloading
or full offloading. The processes of these two methods are

shown in Fig. 8 below.

In partial offloading, the UAV itself uses its computing
power to extract features from the captured images before
sending these features to the edge servers for further pro-
cessing. In full offloading, the original image is sent di-
rectly to the edge servers, which handle all the processing.
The choice between these methods depends on the band-
width of the communication channel between the UAV
and the edge servers [2].
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Fig. 8 The complete process of partial and full offloading of the image processing task [2]

4.2 Emergency navigation

As the public buildings, e.g. transportation junctions,
hospitals etc. in cities keep growing in terms of horizontal
and vertical scale, emergency evacuation navigation has
become inevitable to be considered. To address this prob-
lem, Huibo Bi et al proposed a way of integrating edge
computing into these facilities to improve the accuracy
and latency of locating evacuees in these structures [14].
As shown in Fig. 9 below, in the building edge commu-
nication nodes with various sensors, e.g. WIFI sensors,
visual sensors, temperature sensors etc. are installed in an
even distribution pattern, covering the halls and important
places e.g. junctions, stairs, exits etc. to give evacuees
real-time evacuation instructions. With various grouping
strategies in terms of healthiness, congestion and traffic
balance which are all realized by the cumulative computa-
tional power provided by all the edge nodes, the percent-
age of survivors in the evacuation process has increased
to a significant degree, while the times of congestion have
decreased as well.

.+ FEvacuees with |
portable devices

|

I
I
i
Edge Nodes |
I
I
I
1
1
1
1

% 10T Sensor Nodes
Off-site Edge
| t Packet:
: B4 _SmartPackets 1 II Computing Center

*ﬁ*a

nl
Tgop |

=

il i L PN Fire
- Ip—2

On-site loT NetWark

2

Fig. 9 The structure of the edge computing
enabled emergency evacuation system [14]

5. Conclusion

The integration of 5G communication technology into
high-precision navigation and positioning systems marks
a transformative advancement across multiple industries.
Millimeter-wave technology stands out for its high pre-
cision and strong anti-interference capabilities, making
it essential in both indoor positioning and autonomous
driving. Its ability to operate effectively under adverse
conditions, such as in urban canyons or inclement weath-
er, highlights its potential for enhancing safety and opera-
tional efficiency in critical applications.

Massive MIMO technology further contributes to the pre-
cision and reliability of navigation systems by improving
spectral efficiency and enabling complex operations such
as multi-target tracking and relative attitude estimation
in UAVs. Despite the challenges of power consumption
and receiver saturation, Massive MIMQ’s integration into
UAV systems showcases its potential to support advanced
navigation tasks that demand high accuracy and robust-
ness.

Edge computing, a core feature of modern 5G networks,
plays a crucial role in reducing latency and improving the
efficiency of navigation systems. By enabling real-time
data processing closer to the source, edge computing
supports applications such as vision-based UAV naviga-
tion and emergency evacuation systems in large public
buildings. The ability to perform computation offloading
enhances the overall system responsiveness, making edge
computing indispensable in scenarios where quick deci-
sion-making is critical.

Although 5G’s high-frequency millimeter-wave sig-
nals offer greater bandwidth and speed, they are easily
obstructed by buildings, trees, walls, and other obsta-
cles{Siddiqui, 2021 #22;Siddiqui, 2021 #22}. This can
lead to unstable navigation signals in urban or indoor en-
vironments, impacting the accuracy and continuity of nav-
igation. In the future, more technological infrastructure
will be developed to support the integration of “5G+BDS



(BeiDou Navigation Satellite System)/GNSS(Global Nav-
igation Satellite System)” for achieving higher precision
and stability in global Positioning, Navigation and Timing
(PNT).
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