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Abstract: 5G, as the first mobile communication system that takes positioning service as one of the design goals, introduces
a variety of new technologies to improve the communication performance of the system and the accuracy and applicability of
wireless positioning. However, there are still some problems in 5G indoor positioning, such as low positioning accuracy and
poor switching between indoor and outdoor positioning. In order to solve these problems, further research and improvement of
positioning technology is needed. In summary, 5G, as the first mobile communication system that takes positioning service as
one of its design goals, introduces a variety of new technologies to improve the accuracy and applicability of positioning.
However, there are still some problems to be solved, such as improving indoor positioning accuracy and achieving continuous
and seamless coverage for indoor and outdoor positioning. The future development trend is positioning integration and
convergence, and the introduction of collaborative positioning techniques to further improve the performance of positioning. In
this paper, by analyzing the current status of 5G indoor positioning, it leads to the fact that how to improve the indoor positioning
accuracy and achieve continuous and seamless coverage of indoor and outdoor positioning are urgent problems in the field of
positioning, for which, firstly, we analyze the positioning techniques under the ultra-dense networking for 5G, the AOA, TDOA
positioning techniques, and uplink and downlink positioning techniques. Finally, it is pointed out that positioning integration and
convergence is the trend of future 5G positioning development, and then the necessity and feasibility of introducing collaborative
positioning technology is pointed out.
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New Radio (NR); Indoor Positioning.

outdoor positioning services as well as positioning needs.

1. Introduction However, the obstruction of building walls and the

Due to the rapid progress of communication technology, complexi'ty of indoor. scenes make it difﬁ.cult for §2}tel!ite
users are getting basic video and voice services while the need system glgna}ls to achle\(e accurate and reliable positioning
for other data services continues to intensify. In daily life, results in indoor environments. Although the outdoor
most of the data services need the support of positioning positioning accuracy has basically met the users' needs,
technology, which makes the research on positioning more rea.hzmg indoor high-precision posmonlng. still has more
and more attention. Whether in underground parking lots, serious challenges. The global market for indoor location-
mines and other closed places, or factories, homes and other based services is estimated to reach USD 57.24 billion by
common indoor places, or playgrounds, roads and other broad 202.75 growing at a CAGR of 37.92% during the forecagt
outdoor scenes, access to positioning information for ~ Period [2]. In addition, people spend about 87-90% of their
personnel safety, equipment scheduling and management, time indoors, which is a strong 1n.dlcat1.0n of the.r.eha'lble
travel navigation and other business needs to provide more outlook as well as the growth potential of indoor positioning.
important information support. At the same time, the Therefore, in ord@r to provide reliable indoor services, more
development of the fifth-generation mobile communication in-depth ’dlscussm.ns are neg:c}ed' to compensate for the
(5G) system can ensure higher capacity, lower energy shgrtpommgs of 1pdoqr positioning and. to 1mprove the
consumption and lower delay, which greatly solves the  eXisting indoor positioning techniques, hoping to improve the
requirements for data transmission in the era of technology. positioning accuracy of indoor positioning while reducing the
In the face of diversified service scenarios, the ensuing 5G cost of data collection as much as possible. .
technology has also begun to widely integrate with Among  them, massive multiple-input multiple-output
positioning technology. For this reason, in the 5G era, mobile (MIMQ) .technology can utllllze m‘_lltlpl? antennas .f(.)r data
communication technology is no longer limited to transmission and reception, improving signal reliability and
communication functions, but also needs to ensure that the transmissiog rate [15]. Ultra-dense networks, on the. other
positioning information of communication devices is hand, PrOVlde more signal coverage and capacity .by
obtained in order to provide services more efficiently. increasing the density of base stations, further improving
According to 3GPPRel-18 [1], the goal of 5G New Radio (NR) ~ Positioning accuracy and applicability. Millimeter-wave
localization is to achieve a 95% confidence level, with an transmission, on the other hand, utilizes high-frequency bands
absolute indoor horizontal error of less than 10 m, and an for signal transmission, which can provide higher bandwidth
absolute indoor vertical error of less than 3m. and transmission rates, thereby improving positioning

The current high-precision positioning system based on the accuracy and response time [16]. The introduction of device-
Global Positioning System (GPS) has reached an accuracy of to-device communication enables direct communication
10 meters or even within 10 meters, which can ensure feasible between devices, which not only improves positioning
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accuracy, but also supports some new application scenarios,
such as indoor navigation and location sharing.

The 5G fingerprint indoor positioning process is mainly
divided into five links: scene model construction, wireless
information acquisition, fingerprint library construction,
fingerprint information matching, and location tag output.

This paper firstly introduces one of the factors affecting the
effect of indoor positioning accuracy, scene model building,
and how to optimize the currently existing channel model is
still one of the main issues to be explored; secondly, the
wireless information acquisition method is outlined; then,
based on the classification of the positioning application
scene requirements, the indoor positioning scheme based on
small base station communication network is proposed, and
the advantages of the scheme are specifically elaborated, and
the results show that the 5G fingerprint indoor positioning
process can meet the needs of the consumer sector and more
importantly, the indoor positioning process can meet the
needs of the consumer sector. The results show that the indoor
positioning scheme based on small base station can satisfy the
positioning needs of the consumer field and more extensive
vertical industries, which is of great significance and
application prospect; finally, the commonly used positioning
technologies are introduced and compared, and then the
typical application scenarios of different positioning
technologies and the feasibility of the positioning process
applied in the classical indoor environment are discussed.

2. Scene Modeling

Fifth generation mobile communication systems are
considered to be the ideal technological solution for solving
the generalized indoor localization problem due to their high
bandwidth, dense base stations, and large antenna sizes.
Indoor scenarios are characterized by a deterministic
propagation environment. Statistical channel models have a
non-negligible bias in evaluating the positioning performance
in specific indoor scenarios, so deterministic channel
modeling requires appropriately detailed information about
the propagation environment [10].

Common 5G channel modeling methods fall into two main
categories, deterministic modeling and statistical modeling
[3]. Deterministic modeling focuses on simulating the
propagation of a signal in a particular scenario, using
techniques such as ray tracing to obtain the impulse response
of the channel. The advantage of this method is that the
channel model conforms to the deterministic scenario with
high accuracy, while the disadvantages of complex modeling,
high cost and poor scenario adaptation are difficult to
overcome. The second category is statistical modeling
methods, which are based on a large amount of channel
measurement data. More specifically, the measurement data
are analyzed and extracted to obtain the statistical
characteristics of the channel parameters in the corresponding
scenarios, and then the modeled channel parameters and
distribution functions are used to generate random channel
parameters. The advantages of this method lie in the
adaptability of the channel model to the scenario and the low
complexity and cost of modeling. However, it is limited by
the fact that the channel parameters are stochastic and have
errors from the actual propagation. Overall, the deterministic
modeling approach is superior in terms of accuracy, but has
higher complexity and cost, and is less adaptable, while the
statistical modeling approach is more adaptable, with lower
complexity and cost, but with some limitations in accuracy.
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Therefore, most of the existing 5G channel models are
statistical channel models, as 5G channel models are heavily
reliant on measurements.

3. Wireless Information Acquisition

In indoor environments, path loss is affected by a variety
of factors, including the material and structure of the building,
the location and number of obstacles, and the movement
speed of the terminals. Therefore, the effects of these factors
need to be considered when modeling the indoor wireless
channel. The wireless channel is the physical propagation
environment between the base station and the terminal under
wireless communication conditions. In indoor wireless
localization, the characteristics of the channel directly
determine the accuracy of the parameters used for localization,
which further affects the positioning accuracy. Before
modeling the wireless channel, a detailed and rational
delineation of the operating environment of the
communication system is required [14]. Specific scenarios
will simultaneously yield more accurate localization
parameters and facilitate the evaluation of localization
performance. In an indoor environment, the wireless channel
is extremely random. Dense 5G base stations, coupled with
obstacles and random movement of terminals, greatly
increase the difficulty of channel modeling.

Another factor that affects the indoor wireless channel is
the multipath effect. As the signal undergoes multiple paths
during propagation, there are multiple versions of the signal
arriving at the receiver, leading to signal fading and
interference. The multipath effect is especially significant in
indoor environments because signals are reflected, refracted,
and scattered between buildings, creating multiple paths.

Direct radiation is also known as path loss, which means
that when a transmitter emits a wireless signal, the energy of
the signal is diffused as it travels. Fries' law can be used to
describe how it varies. It is generally accepted that the path
loss is the same for the same propagation distance. Unlike the
traditional path loss model, the path loss model for 5G
channels takes the form of Equation (1), where f, is the
carrier frequency, dsp is the three-dimensional distance, and
A, B, and C are the path loss coefficients associated with the
scene.

PL = A+ Blog,o(f.) + Clogio(dsp) D

In addition to path loss and multipath effects, the channel
is also affected by other interferences, such as noise and
multi-user interference. These interferences further degrade
the quality and reliability of the signal. For indoor wireless
localization, understanding the characteristics of the channel
is crucial for determining the accuracy of the localization
parameters. Therefore, detailed and rational channel
modeling is required to accurately characterize the indoor
wireless channel. This can be achieved through measured data,
simulation and statistical analysis. By modeling the channel,
the performance of the positioning system can be better
evaluated and the positioning algorithms and parameter
configurations can be optimized to improve the positioning
accuracy.

Indoor environments are diverse and have different
geometries and wireless signal characteristics. Before
modeling the 5G wireless channel, a precise and detailed
classification of the scene is required, which helps to provide
more accurate indoor positioning services based on the
positioning needs assessment. Research on the specific



classification of indoor scenes has not attracted much
attention in recent years. The following principles should be
followed when making classification decisions for specific
indoor scenes:

‘From the basic characteristics of wireless signal
propagation, mainly based on the spatial structure and
multipath structure of various indoor scenes; -There is
exclusivity between different indoor scenes.

-Exclusivity between different indoor scenes, effectively
avoiding the duplication and confusion of scene channel
model; -Based on the actual needs of different indoor scenes,
such as the requirements of positioning service accuracy and
the number of service devices.

Based on the actual needs of different scenes in terms of
positioning service accuracy requirements, number of service
devices, etc.; -There is no indoor composite scene.

No indoor composite scene.

4. Classification based on Positioning
Scenarios

Indoor positioning and navigation technology is becoming
increasingly mature, popular, has penetrated into many fields
and industries, the application of positioning technology is
often only concerned about the application itself, but failed to
dig from the actual application conditions for the hidden
requirements of positioning technology. These requirements
often belong to the rigid requirements, but they are most
easily ignored by people. In this section, we focus on
analyzing the hidden requirements for positioning technology
in various typical scenarios from the perspective of
application scenario classification, and give the
corresponding applicable positioning technologies. In
addition, under the development trend of network integration
in the future, high-precision positioning will no longer be
limited to a single technology or scheme, and the scenario-
based positioning classification proposed in this section can
better portray its essential characteristics.

4.1. WAI Class

WAL, "Where am [", the main feature of such application
scenarios is that the subject initiating the positioning claim
and the target subject to be measured are the same, and the
implicit requirement is that the user is highly cooperative or
active positioning, and has high computational power. In the
field of civil indoor positioning and navigation, most of the
active positioning application scenarios belong to this
category, such as personal positioning services in large
shopping malls or airports, parking space navigation, and
indoor exhibition hall route guidance. Users take the initiative
to make positioning requests, and the source data required for
positioning, including but not limited to clock information,
frequency band information, channel status, arrival time and
so on. Methods that can be used in such positioning scenarios
include ToF/ToA, TDoA, RSSI, fingerprint positioning,
satellite positioning, and pedestrian navigation position
projection.

4.2. WAU Class

WAU, "Where are you", this kind of application scenario is
mainly characterized by the fact that the subject initiating the
positioning claim is not the same as the subject of the target
to be tested, but there is a connection between the two, and
the implied implicit requirements are a high degree of
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cooperation of the user to be positioned, the support of a high
computational power, and a network with both
communication and positioning functions. Most of such
application  environments include interaction and
communication scenarios, such as friend finding, virtual
reality/augmented reality interactive games, etc. The purpose
of the subject initiating the positioning claim is to obtain the
location information of another user on the network, which
requires the authorization and cooperation of the user to be
positioned, and the source data required for positioning can
be found in Section A.1. Positioning methods that can be used
in such scenarios include ToF/ToA, TDoA, fingerprinting,
and so on.

4.3. WIH Class

WIH, "Where is he", the main feature of such application
scenarios lies in the fact that the subject initiating the
positioning claim has nothing to do with the subject of the
target to be measured, and even hopes to keep the target to be
measured confidential, the implied implicit requirement is
that the user has zero cooperation, no arithmetic requirements,
but requires that the user's equipment has a certain degree of
concealment and adopts the low-power consumption scheme.
Such application scenarios belong to the category of passive
positioning, such as target positioning and tracking, public
security skynet system, key personnel and important asset
monitoring, intelligent retirement community. The subject of
the initiating positioning claim is generally located on the
service side, and needs to complete the silent positioning of
the target to be positioned at any time and under any
conditions. Positioning methods that can be used in such
scenarios include TDoA, fingerprinting, etc.

5. Establishment of 5G Small Cell

With the standardization and application of 5G systems, 5G
base stations will be densely deployed, and based on the
densely deployed 5G base stations will effectively improve
the accuracy of indoor positioning using base station
information. With the development of mobile communication
networks, 5G is gradually developing from the consumer field
to a wider range of vertical industries, and the deployment of
low-cost and flexible 5G small base stations has become the
main solution to the indoor coverage problem [4]. Due to the
need to plan and deploy the transmission network and the later
operation and maintenance, the investment is large; although
indoor positioning technology has blossomed, the
compatibility of different vendors is not high, and there is a
lack of unified specification system [5]. In the face of these
challenges, the combination of indoor positioning network
and communication network can effectively solve these
problems. With the advantage of communication network,
indoor positioning information can be reused 5G small base
station communication network to realize the aggregation,
fusion and transmission of positioning data, avoiding the
repeated deployment of positioning network [6]; through the
standardization of positioning equipment and communication
network interface, to promote the healthy and orderly
development of indoor positioning industry. Combining
indoor positioning technology with small base station
communication network has natural advantages, and both of
them promote each other and jointly promote the vigorous
development of the industry [11].

Figure 1 shows the four-level architecture of indoor
localization, which consists of localization tags, localization



base stations, transmission networks and computing
application platforms. Among them, the selection of the
transmission network is crucial, determining the deployment,
operation and maintenance costs and the scale of the
positioning system, and the transmission network needs to
correspond to the selection of appropriate positioning
technology, the following is a specific introduction to the
positioning technology, and analyze the applicability of
different technologies in the 5G small base station
communication network.
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Fig 1. Indoor Positioning System Architecture
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The fusion of indoor positioning technology and small base
station communication network can provide in-depth 5G
coverage, and at the same time can provide high-precision
positioning capability, which is of great significance to
promote the development of vertical industry. As the
requirements of future positioning scenarios for positioning
accuracy, coverage, equipment deployment and other aspects
improve, indoor positioning technology will be further
converged with the communication network, embodied in the
fusion of positioning equipment and communication
equipment, the fusion of positioning data and communication
data, the common platform of positioning servers and
communication base stations, cloud-based, integrated
deployment and other aspects. In addition, the fusion of
multiple positioning technologies to improve positioning
accuracy is also a hot issue for future research, and in the
future, 5G positioning can be combined with specialized
positioning technologies to adapt to complex and changing
positioning environments by utilizing the positioning
advantages of different technologies to improve the
positioning level.

6. Positioning Methods

Currently, indoor positioning systems rely on external
information sources such as Bluetooth, WiFi and cellular
networks. The techniques used are categorized into ranging
based and non-ranging based positioning techniques. In
ranging-based localization techniques, the distance from the
receiving device to multiple sending devices is used to
estimate the location information of the user's device. Among
the non-ranging based localization techniques, fingerprint-
based localization is more commonly used, which is
categorized into offline and online phases. The former
collects offline data extensively in indoor environments, and
the format of offline data is roughly data feature-location
information; the latter matches the data features collected
online with the offline data, and selects the points where the
offline data features are the most similar to the data features
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collected online for weighting to obtain the localization
results. Generally speaking, the complexity of indoor
environments makes it difficult for ranging and localization
techniques to achieve relatively good results, while
fingerprint-based localization is a more feasible indoor
localization method because it can effectively record potential
features of the environment when the offline fingerprint
library is established.

In this section, we will focus on various mainstream
technical approaches in the field of indoor positioning,
discuss in detail the principles or mathematical models behind
different approaches, and analyze their advantages and
disadvantages.

6.1. ToF/ToA

The ToF (time of flight) or ToA (time of arrival) positioning
method is called "time of flight" or "time of arrival”
positioning method. The principle of ToA positioning method
is shown in Fig. 2, which relies on the measurement of
electromagnetic wave propagation time and converted to
propagation distance to solve the exact position of the point
to be located. The principle of ToA positioning method is
shown in Figure 1, which relies on measuring the propagation
time of the electromagnetic wave and converting it into the
propagation distance to solve the exact location of the point
to be positioned.

/ pro le position with

[ con51¢ ation of some error/  You are

\ “x" meters
away

>< .

,
\ / You are located on a circle of center
‘\\ N 1/\ /’ “me” and “radius X"

Flg 2. ToA Ranging

The model structure of this method is simple and easy to
understand, but there are obvious drawbacks in practical
applications: 1) it relies heavily on the accuracy of time
synchronization, and in non-laboratory settings, the high-
precision time synchronization between the node to be
measured and the known node does not have the conditions
for realization; 2) the mathematical model is based on the
assumption of unobstructed propagation of electromagnetic
waves, and when the electromagnetic wave propagation path
contains refraction, reflection, or bypassing, the calculated
distance will contain errors, which are also referred to as non-
line-of-sight (NLOS, non-line-of-sight) errors.

6.2. RSSI

The principle of RSSI (received signal strength indicator)
positioning method is shown in Figure 3. The principle is
shown in Fig. 3. It utilizes the decay model of electromagnetic
wave in space to establish the correspondence between the
observed signal strength and the distance, and carry out the
localization solution. The model of electromagnetic wave
propagation loss in air is related to its frequency, which is
generally considered to satisfy the following model:



L=101g (iﬂ) =3245+201gf +20lg 7 — Gry — Gy (2)
RX

Where L is the power attenuation value, Pgpy is the
received power, Pry is the transmitted power, Ggy is the
received antenna gain, Gry is the transmitted antenna gain
and r is the propagation distance. The advantage of this
method lies in the simple structure, low computational
complexity, and does not require any time synchronization.
However, in reality, the electromagnetic wave environment is
extremely complex, and the propagation process is affected
by many factors such as indoor objects placement, wall
blocking, and personnel movement, so the multipath effect is
serious, and the localization effect is not ideal. Although it can
be used with filtering algorithms or iterative algorithms to
improve the accuracy, but this will increase the computational
complexity and reduce the real-time localization results.
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Fig 3. Principles of RSSI Localization Method
6.3. AoA

AoA (angle of arrival) positioning method, that is, based on
the angle of arrival of the signal positioning method, through
the array antenna to obtain the phase difference of the arrival
signal, which is converted into the angle of arrival. the
principle of the AoA positioning method is shown in Fig. 4,
the intersection of the radial lines between multiple base
stations and the point to be measured, that is, the unknown
node position. The advantage of this method is that it has high
accuracy, requires a small number of base stations, and does
not require clock synchronization. However, AoA angle
measurement requires expensive array antennas; the
computational complexity of signal solving is high, which
makes it difficult to support high-capacity and high-
concurrency localization scenarios; in addition, the multipath
effect is serious in indoor environments, and the complex
decoherence algorithms further increase the computational
complexity.

Base Station

Fig 4. AoA Measurements
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6.4. Fingerprint

Fingerprint localization method, i.e., the localization
method based on signal fingerprint, is shown in Figure 5. This
method does not require solving, and its basic idea lies in the
following: in the offline localization stage, the marked point
of the area to be measured is marked in advance and the
environmental fingerprint information at the point is collected
to establish an offline fingerprint library; in the online
localization stage, the location of the point to be measured is
obtained by obtaining the environmental information of the
point to be measured in real time and matching it with the data
items in the offline fingerprint library. One can choose RSSI,
channel state information (CSI, channel state information) or
other physical quantities as fingerprints [7]. However, RSSI
measurements are severely attenuated by the multipath of
signal propagation [8] due to strong reflection and scattering
conditions indoors. Therefore, it is challenging to estimate
location using RSSI measurements with various fading
effects. In contrast, CSI represents the fine-grained signal
propagation characteristics of wireless communication links
between transceivers, which facilitates feature-based
fingerprinting [9]. Therefore, in the case of a very limited
number of indoor 5G BSs (e.g., less than three), the CSI
fingerprinting method can achieve accurate localization
results [17].

Fig 5. Principle of Fingerprint Localization Method

The advantages of this method are that it does not require
signal solving, and it can improve the resolution accuracy of
localization by more densely arranging the fingerprint
collection points, and it is not affected by the NLOS error. The
disadvantages of this method are that the time and labor cost
of offline fingerprint acquisition is high; changes in the
environment, objects, and people will interfere with the signal
acquisition and matching, and it is not applicable to dynamic
environments and densely populated places.

6.5. Positioning Integration

Nowadays, a variety of different positioning/
communication networks coexist, with different standards
and technologies, resulting in different advantages and
disadvantages in positioning performance, coverage, power
consumption and cost, etc. 5G network facilities can provide
ubiquitous connectivity for all kinds of heterogeneous
networks and smart devices with different standards, so as to
integrate different positioning technologies and solutions, and
to realize complementarity of advantages and convergence of
empowerment. The essence of ‘'"ubiquitous fusion
positioning" lies in the development direction of "synergy and
coexistence of multiple technologies", i.e., the future
positioning network can be composite of multiple
positioning/communication technologies [12].



In the future, positioning integration and convergence is the
trend of 5G positioning development. Positioning integration
refers to the integration of positioning functions into the
communication system to achieve seamless positioning
services. Convergence, on the other hand, is the fusion of
different positioning technologies to improve the accuracy
and reliability of positioning. The introduction of
collaborative positioning technology can improve positioning
accuracy and robustness through collaboration between
devices, such as through position sharing and signal merging
between devices.

7. Summary and Outlook

The development of 5G is not only an advancement of
communication technology, but also further promotes the
development of related vertical services [13]. 5G supports
sub-meter level positioning services, which can effectively
meet the positioning services in indoor scenarios. This paper
focuses on analyzing the characteristics of 5G channels and
providing a more detailed delineation of indoor scenarios. In
addition, it also summarizes and generalizes the commonly
used indoor positioning methods, which can effectively
utilize the currently available information and take advantage
of the inherent environmental characteristics of wireless
signal propagation. The next step is to consider specific
indoor environments other than wall reflections and obstacles,
and explore higher accuracy indoor positioning methods to
continuously optimize 5G positioning performance.
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