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Abstract: 

Wireless telecommunication systems have rapidly developed their networking capability, enabling 

better and more advanced services for various wireless telecommunication applications. There are 

several methods of classifying wireless communication networks based on network usage, technology 

used, bandwidth, and frequency range. Despite the availability of satellite systems, they come with a 

few drawbacks such as high costs (for satellites and launch) and technical requirements for non-GEO 

satellite systems or the possibility of joining GEO satellite systems. Ground systems also have their 

own set of problems, such as being costly and having potential health and environmental risks. High 

Altitude Platform Station (HAPS) is a station located on an object at an altitude of 20 to 50 km and 

fixed relative to the ground. While they have brought a new set of problems, HAPS deployment is 

fast and incremental, maintenance is easy, and they can be reset and reassigned. The round-trip delay 

is less than 0.5s, and they can be environmentally friendly (solar). Generally, HAPS operates at an 

altitude of about 22km, which means a potential service area of over 200 km radius, depending on 

the altitude. In this paper, we propose a brief review of HAPS, its related technical aspects, and keys 

introduced by HAPS.  

Index Terms:  Wireless communication, High Altitude Platform System, transmitter, receiver, 

telecommunication 

1. INTRODUCTION 

The market's need for the use of wireless telecommunication is always changing and growing, and it 

provides many telecommunication services. Two issues of adequate coverage and high data 

transmission speed have been discussed in the design of modern wireless communication systems. 

Economic and scientific analyses indicate that this need increases because different public and private 

sectors in different organizations are dependent on modern technologies in wireless communication 

to improve and simplify telecommunication services and applications as much as possible. This need 

and request has led to the increasing production and use of satellite and terrestrial wireless 

telecommunication networks and has introduced technologies such as wide spectrum and multi-band 

to the world of telecommunications. On the other hand, these wireless communication methods 

cannot fully cover the needs of wireless communication in the future, and for this reason, 

telecommunication research departments in the military and commercial fields are looking for new 

ways to use the wireless communication spectrum to provide sufficient capacity for future 

telecommunication services and applications. Of course, the provision of high-capacity services faces 

a big challenge, and that is the limited radio frequency spectrum, and the more the demand for the 

growth of broadband services increases, the more the lack of spectrum is felt. To provide bandwidth 
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to a large number of users, frequency reuse methods are usually used, which are based on the cellular 

telecommunication network architecture. Figure 1 shows an example of this hexagonal cell structure. 

In this structure, approximately in the center of each cell, there is a base station that uses a different 

frequency or set of frequencies compared to the neighboring cells, and this distinction is shown in the 

figure with color. Frequency reuse is done at certain intervals, which is a function of several factors 

such as the signal propagation environment and the ratio of the signal to the total noise and 

interference is acceptable. To increase the capacity, smaller cells with a larger number are usually 

used, which allows the frequency reuse method to be used more in a specific geographical area. This 

state is shown in Figure 1, Part B. This structure is called the microcell concept, which is used for 

areas with high user density. In the upper limit of this concept, there will be one cell for each user, 

which is not possible in terms of economic and environmental impact [1,2].  

 

Figure 1- Cellular frequency reuse concept. In b the smaller cells provide greater overall capacity as 

frequencies are reused [3]  

 One solution is to move towards high-frequency spectrums in the millimeter wave range, which has 

the two advantages of a wider frequency spectrum and the possibility of providing very high 

bandwidths. Low-orbit satellites compensate for some of the problems and limitations of earth-orbit 

satellites, but the complexity of the hand-to-hand process in them is high. Also, to continuously cover 

an area, a large number of LEO satellites are needed, which is not economically feasible.  The right 

solution lies in mobile aerial structures, which are flying telecommunication relays. High-altitude 

wireless communication, which relays information at a height between 17 and 22 km above the 

ground, offers a new solution for telecommunication system suppliers that can simultaneously 

measure satellite and terrestrial communication indicators. to have in himself. In this system, it is 

possible to publish direct views to users. An aerial structure can alone replace a large number of 

ground stations and at the same time not have structural, cost, and environmental limitations. In the 

following, we will have an overview of wireless communication methods. Then the high-altitude 

systems will be examined in terms of equipment, architecture, and overall structure. The applications 

of this type of system will also be examined. Despite the possibility of using satellite systems, there 

are clear disadvantages including high costs (satellites and launch) to technical requirements for non-

GEO satellite systems or the possibility of joining GEO satellite systems. Ground also has special 

problems: expensive and in addition potential health and environmental risks are big problems.  In [4] 

a high Altitude Platform Station (HAPS) is defined in the ITU Radio Regulations as a station located 

on an object at an altitude of 20 to 50 km and a fixed point relative to the ground, this new concept 

of wireless access shows some problems in wire while they bring many new problems. HAPS 

deployment is fast and incremental, maintenance is easy, and they can be reset and reassigned. The 

round-trip delay is less than 0.5s, and it can be environmentally friendly (solar).In general, there is an 

altitude of about 22km which means a potential service area of more than 200 km radius depending 

on the altitude[4,5].  



In this article, the main goal is to review HAPS, in this direction, wireless communication will be 

reviewed first, and then we will discuss the components of the HAPS system, and its advantages and 

disadvantages will be compared with other methods. 

 

2- An Overview of Wireless Communications 

A telecommunication system comprises three main components: the transmitter, the receiver, and the 

telecommunication channel. For two-way communication between two points, A and B, they must 

use an intermediate medium, which is known as a wireless communication channel. The transmitter's 

primary function is to send a message through the telecommunication channel. Typically, the raw 

signal sent is unsuitable for transmission through the channel. Therefore, the transmitter converts the 

signal into a specific electrical signal, making it suitable for sending through the channel, a process 

called modulation. The transmitter also performs other tasks, such as filtering, amplification, and 

signal radiation [6,7] .   

The telecommunication channel is the environment used to transmit information from the sender to 

the receiver. This environment can be telephone lines, open air, or water. Each environment has its 

obstacles and limitations, such as mountains, tall buildings, open water, vehicles, and even outer space 

can be obstacles of this type. Regardless of the transmission space, the signal gets lost and distorted 

due to the channel's interference  [8,9]. The third component is the receiver, which receives the signal 

from the transmitter and processes it to convert it into the appropriate form [10]. The main step in this 

process is demodulation, which converts the signal from a form suitable for the channel to a form 

suitable for the receiving system. In addition to demodulation, this section also performs other 

activities, such as filtering, noise removal, and frequency reduction [11]. 

A telecommunication system is made up of three main components: the transmitter, the receiver, and 

the telecommunication channel. For two points, A and B, to communicate with each other using a 

telecommunication system, they need to use an intermediate medium known as a wireless 

communication channel [12-13].  

The primary function of the transmitter is to send a message through the telecommunication channel. 

However, the raw signal sent is usually unsuitable for transmission through the channel. Therefore, 

the signal is converted into a special electrical signal, and the transmitter makes it available in a form 

that is suitable for transmission through the channel. This process is called modulation. The 

transmitter also performs other tasks such as filtering, amplification, and signal radiation. The 

telecommunication channel is the environment through which information is transmitted from the 

sender to the receiver. This environment can be telephone lines, open air, or water. Each environment 

has its obstacles and limitations, such as mountains, tall buildings, open water, vehicles, and even 

outer space. Regardless of the type of data transmission space, the signal gets lost and distorted due 

to passing through the channel. The receiver is responsible for receiving the signal from the 

transmitter and processing it to convert the signal into the appropriate form. The main step in this 

process is the demodulation of the signal, which converts the signal from a form suitable for the 

channel to a form suitable for the system that is receiving the message. In addition to demodulation, 

other activities such as filtering, noise removal, and frequency reduction are performed in this section 

[1,4,14,15]. 

 

 

 

 



 

 

 
Table 1 -An overview of survey HAPS system 

Description Focus Year Reference 

Technical and architectural aspects of HAPS Wireless architecture 2005 [16] 

Basic concept of HAPS technology, applications Project deployments 2007 [17] 

The original concept of HAPS as an alternative to 

telecommunications 
Wireless architecture 2008 [1] 

HAPS projects and applications 
Project 

deployments 
2009 [18] 

A review of technologies, HAPS optical communication 

studies 
Optical links 2010 [19] 

A review of HAPS technical studies 
Spectrum 

management 
2010 [20] 

Overview of HAPS for 

Terrestrial and satellite networks 

Wireless 

architecture 
2011 [21] 

Review of modeling systems for HAPS and satellites Channel model 2011 [22] 

Basic principles of HAPS systems and the use of HAPS for 

broadband communications 

Wireless 

architecture and 

communication 

links 

2011 [23] 

An overview of HAPS technology, including technological  

developments 

Project 

deployments 
2016 [24] 

Surveys on future applications and challenges of haps 

and their use in mmWave communications . 

 

Wireless 

architecture and 

communication 

links 

2019 [25] [5] 

Using HAPS for legacy technologies, 5G and 6G 
Wireless 

architecture 
2020 [26] 

Examining HAPS systems in terms of technology and 

technological developments and examining these systems for 

upcoming challenges 

Wireless 

architecture 
2020 [27] 

A review of HAPS technical studies Wireless architecture 2021 [9] 

Special Vivaldi antenna design for HAPS coverage 

enhancement 
HAPS antenna design 2023 [28] 

 

 

2-1-Classification Of Wireless Communication Networks 



Wireless telecommunication systems have rapidly 

developed their networking capability, enabling better 

and more advanced services for various wireless 

telecommunication applications. There are several 

methods of classifying wireless communication 

networks based on network usage, technology used, 

bandwidth, and frequency range. In terms of 

geographical coverage, telecommunication networks 

can be divided into three groups: personal networks, 

which cover a range of up to 1 meter; local networks, 

which cover a range of 10 meters to 1 km; and urban 

networks, which cover a range of 1 to 10 km[17,29-

30]. 

2-1-1 W-PAN1 Network 

A personal network refers to a group of interconnected 

devices that communicate with each other using frequency waves. This network also allows 

connection to the local Internet network. The standard communication range for this type of network 

is 10 meters at a frequency of 2.4 GHz. The data rate for communication between devices can be 

increased to up to 55 megabits per second and may be either exclusive or peer-to-peer. Additionally, 

power consumption in such systems is low and the overall cost is relatively inexpensive. The most 

well-known standard used in this field is Bluetooth, which is also known as IEEE 802.15[31-33]. 

2-1-2 W-LAN2 Network 

The WLAN network is a communication network that connects personal computers within a limited 

area. This network allows computers to communicate with each other without the need for wires and 

enables efficient data transfer. The network works by connecting devices through access points, and 

it can cover an area of up to 100 meters. The popularity of WLAN technology in both home and 

commercial communication systems is due to its ease of use, high mobility, rapid expansion, and 

economic efficiency. The standard for this technology is known as IEEE 802.11, which uses the 

Ethernet protocol and multiple access. A common [31]application of this technology is WiFi, which 

operates in the frequency range of 2.4 to 5.8 GHz [34, 35]. 

2-1-3 W-MAN3Network 

A W-MAN network is a type of network that covers a larger geographical area than a LAN. It includes 

communication between several buildings and can even connect an entire city. In some cases, a W-

MAN network is a connection between several WLANs that interact with each other through an 

operation center. This network must be operated and controlled by an organization to connect the 

dedicated networks of several smaller organizations. The technology used for this type of network is 

known as IEEE 802.16, which operates in the frequency range of 2 to 11 GHz. WiMax is the brand 

name of this technology and is widely used today as a method of internet communication [31]. 

2-1-4 W-WAN4 Network 

 
1 Personal Area Network (PAN) 
2 Local Area Network (LAN) 
3 Metropolitan Area Network (MAN) 
4 Wide Area Network (WAN) 

Network

W-PAN

W-LAN

W-WAN

W-MAN



This type of network can facilitate communication between moving objects on a local, national, or 

even global scale. Its cellular form provides high mobility, fast access to information, and overcomes 

physical limitations. Over the years, various standards have been introduced in this field, resulting in 

different generations of cellular communication. Today, mobile phones are available in the first, 

second, 2.5, third, fourth, fifth, and sixth generations [32]. 

 

 

 

 

 

3- High Altitude Platform System (HAPS) 

3-1-An overview of HAPS 

The HAPS telecommunication system uses high-altitude air bases to relay information for various 

purposes. This technology utilizes advances made in the field of microwave power transmission 

through solar power generation systems. Despite its simplicity, it has a high potential for applications, 

especially for providing cellular communication and broadband services in remote areas and ocean 

regions where it is not feasible to establish infrastructure at a reasonable cost. The system can operate 

continuously in the upper layers of the atmosphere for extended periods. Although telecommunication 

systems in the stratosphere layer are old, they are now being recognized as an efficient technology. 

Several organizations are promoting and developing HAPS-based telecommunication systems for 

wireless communications, as well as remote control and monitoring methods. HAPS systems operate 

at an altitude of more than 20 km due to the minimum wind speed in the stratosphere at this altitude. 

The figure below illustrates the relation between height and wind speed [36,37]. 

Table 2- Comparison of different telecommunication structures based on their location 

Terrestrial HAP LEO GEO  

Less than 1 up to 200 More than 500 Global 
Station Coverage 

(km) 

1-0.1 1-10 50 MIN400 Cell Size (km) 

Local Regional Global Global Service Area 

 

155 

 

25-155 

 

Spend less than 2 

 

 

155 

Maximum Data 

Transfer Rate for 

Each User (Mbps) 

Several central 

stations 
Flexible Lots of satellites Flexible 

System 

Development 

2000 2003-2008 2005 1998 
Start Of Service 

(Year) 

 

The signal delay at this altitude is much lower compared to satellite signals, resulting in minimal 

transmission delay. Typically, the HAPS system lasts for about 5 years, after which it lands on the 

ground to be refueled, renovated, upgraded, and prepared for a new mission. Figure 1 provides a 

comparison between the location of the HAPS system and other telecommunication systems [38]. 



 

 

 

 

 

 

 

 

Figure 2-Wind velocity with respect to the altitude[16] 

 

The signal delay is significantly less at this height compared 

to the satellite signal, which means that transmission delay 

will be minimal. Generally, the HAPS system has a lifespan 

of around 5 years, after which it lands on the ground to be 

refueled, renovated, upgraded, and prepared for a new 

mission. Figure 2 displays a comparison between the 

location of the HAPS system and other telecommunication 

system [26]. 

Figure2-Application of the HAPS system along with other 

telecommunication infrastructures at an altitude of 17 to 22 km [39] 

 3-2-Classification of the HAPS system 

3-2-1 unmanned spacecraft 

Unmanned spaceships can reach an altitude of up to 70,000 feet and remain there. They are over 100 

meters in length and can carry loads weighing over 800 kg. Propulsion and electric power are used to 

keep the ship stable in the air. Due to the heavy liquid fuel, solar cells are utilized for producing 

electric power. These spaceships are constructed using lightweight materials and can be stationed in 

a fixed location for up to 5 years. Many countries currently use this type of device for wireless 

communication [40]. 

3-2-2- Unmanned aircraft 

This type of aircraft is constructed using lightweight, high-tech materials, and is equipped with wide 

wings and electric motors that allow it to follow a programmed air path for extended periods. The US 

Space Agency has designed several of these aircraft, which are powered by solar cells located on their 

wings. While their flight duration varies from a few days to a month, it is theoretically possible for 

them to remain airborne for up to six months, and research is ongoing to achieve this. Compared to 

spaceships, these aircraft have the advantage of higher speed and maneuverability, and their smaller 

size makes flight preparation and maintenance easier [41, 42] . 

3-2-3- Airplane with passengers 

This device is a piloted aircraft that is specially designed to fly at high altitudes. Due to fuel and 

manpower limitations, the duration of the flight is typically a few hours. This type of aircraft is 

commonly used for military and meteorological purposes [ 43-45]. 



Table 3- Comparison of characteristics of vehicles used as HAPS structure 

Unmanned spaceship Unmanned aircraft Passenger plane parameters 

150 To 200Meters 
Wingspan 35 to 70 

meters 
About 30 meters Size 

30tons 1tons 2.5tons total weight 

Solar Cells Solar Cells Fossil Fuels flight length 

Up to 5 years About 6 months 4to 8 hours energy source 

Up to 1 km in three 

dimensions 
1to 3 km About 4 km radius of motion 

1to 2 tons 50to 300 kg up to 200 kg load carrying capacity 

10 kW 3 kW 40kW Required motor power 

The movement of flight structures in high-altitude systems is a critical issue. While an airplane has 

to fly in a relatively small circle, with a radius of up to 2 km, a spaceship can remain stationary in the 

air with only the kinetic force required to resist the wind. The International Telecommunication Union 

has established the range of motion for the HAPS system to be around 400 meters. Although it is 

easier for a spaceship to remain in the air than an airplane, it is more difficult to control and steer due 

to wind and air pressure changes[31,45]. 

3-3- HAPS system components 

A high-altitude system is made up of ground and air sections. Figure 4 displays the main structure 

and the ground communication section[46,47]. 

 

Figure 4- HAPS system components [17] 

In the previous sections, we learned about the information relay section which is a flying object that 

comes in three different forms: a manned plane, an unmanned plane, or a spaceship. This object 

maintains its position in the air relative to the ground station by using special technologies to control 

the air currents. It is important to note that since this system does not leave the atmosphere, it must 

comply with international aerospace laws [48]. If the flying object is a spacecraft-type, then it is 

usually filled with helium gas in a balloon-like structure. The size of the balloon depends on the 

weight of the equipment it carries and the altitude at which the spacecraft must remain stable. The 

surface of the balloon is covered with solar cells which provide all the necessary energy for its 

different parts. These parts include engines that keep the ship in the air, telecommunication parts, and 

solar cell chargers[49,50]. 



The energy source is a crucial aspect of the HAPS system. Fossil fuel is not practical due to its high 

weight. The ideal fuel source is solar energy since these systems are located at high altitudes with 

wide surfaces that can easily be covered with solar cells. However, the problem is in storing this 

energy for use during the night [51]. 

The technology used for continuous energy production in spaceships is regenerative fuel cells. These 

cells weigh much less than conventional batteries and can provide the necessary energy day and night. 

During the day, the cells combine hydrogen and oxygen through chemical reactions to produce 

electrical energy and water. Oxygen and hydrogen are obtained from water during the electrolysis 

process and are stored to produce energy at night [52,53]. The High Altitude Platform Station (HAPS) 

system includes a telecommunication component consisting of a multi-beam or fuzzy antenna array, 

communication link antennas, and numerous processors responsible for receiving, multiplexing, 

switching between routes, and sending signals. The HAPS system uses multiple access methods such 

as CDMA and TDMA, and can function as a separate station in a network structure or as a part of a 

ground or satellite system [27,54,55]. 

The antenna is a vital element of the HAPS system. The signal is typically sent to ground stations in 

a cellular pattern, making the system susceptible to inter-channel interference. Therefore, it is 

essential to design an antenna with high-performance characteristics for proper frequency separation 

and high spectral efficiency [56]. Since the HAPS system operates simultaneously with satellite and 

terrestrial systems, there is a possibility of frequency interference in the same bands, necessitating the 

design of a precise antenna to prevent out-of-band radiation [57]. 

HAPS systems need to work in harmony with other telecommunication systems and to do this, the 

ITU has established a reference radiation pattern for CDMA-based HAPS system antennas in the 

IMT-2000 band. This is achieved using a phased array antenna with digital beam-forming technology 

that produces multiple beams with high performance  [58]. 

Currently, many countries are researching the development of multi-beam antennas for HAPS 

systems. Japan and South Korea have presented preliminary plans for this system. Two types of multi-

beam antennas can be used for a HAPS system, depending on the frequency band. For millimeter 

wave bands (47/48 GHz or 20/30 GHz), both multi-valve and multi-beam antennas can be used, while 

for lower frequencies such as S-band, multi-beam antennas are more effective. Important factors to 

consider when designing HAPS system antennas include operating frequency, sideband radiation, 

regional coverage, data transmission and reception capacity, and the stability and reliability of the 

system [16,59,60]. 

One of the crucial parts of a high-altitude system is its ground component, which receives multiple 

signals in the form of cellular patterns. The array antennas determine the coverage area and viewing 

angle of each beam, based on the capacity requirement of the entire system in each region. The power 

allocated to each cell is controlled to maximize the system capacity, with larger cells used in low-

density areas and smaller cells in high-density areas [61]. A HAPS system can offer mobile multiple 

coverage or fixed wireless services in various regions, from high-density cities to low-density rural 

areas. Beamforming or antenna array technology can be used to cover the surface of the earth. [23, 

56,62 ]The HAPS system is connected to other telecommunication infrastructures via the ground 

station, serving as a part of the entire telecommunication system of a region. For instance, 

communication with the HAPS system is possible through mobile phone devices via hub stations 

between the HAPS system and the mobile phone infrastructure. Additionally, international roaming 

services can increase the reach of this type of communication. [57- 61] 

3-4 -Allocation of frequency spectrum for HAPS system 



The ITU organization has specifically reserved 600 MHz bandwidth at 47.48 GHz for the services 

provided by HAPS systems. Of course, this spectrum is in the global dimension, which is also shared 

with the use of satellites. For the Asian continent, this spectrum is also defined at 28.31 GHz. The 

HAPS system can be used on the third generation and has an approximate frequency of 2 GHz. It is 

also possible to use the 18 to 32 GHz band for the use of fixed location services. The 28/31 band is 

more suitable than the higher 48/47 band because the upper band is very vulnerable to attenuation 

caused by rain, which is very acute in tropical regions  [62]. 

 

 

 

 

Table 4- shows the frequency bands assigned to the HAPS system [63-65] 

Area covered 
Link 

direction 

Services 

provided 
Shareable services Frequency band 

 

Global 

 

Send and 

Recieve 

Fixed 

Fixed and mobile 

services, satellite 

transmission, radio 

astronautics 

47.9-48.2 GHZ 

 

47.2-47.5 GHZ 

40 countries 

in the world 

 

Send 
Fixed 

Fixed and mobile 

services, space sciences 

 

31.0-31.3 GHZ 

 

40 countries 

in the world 

 

Receive 
Fixed 

Fixed and mobile 

services, satellite 

transmission 

27.5-28.3 GHZ 

District 1 and 

District 3 

 

Send and 

Recieve 

IMT-2000 

fixed and mobile services 

(especially land IMT-2000 

and PCS) 

 

1885-1982 MHZ 

2010-2025 MHZ 

2110-2170 MHZ 

 

 

4- Capacity and channel model in the HAPS system 

Channel capacity is a crucial design parameter for any telecommunication system. It is calculated 

based on Shannon's law and depends on the signal-to-noise ratio. However, in the HAPS system, two 

other types of interference affect the capacity: inter-cell interference and intra-cell interference. Inter-

cell interference is caused by signals from neighboring cells, while intra-cell interference is caused 

by different antenna configurations within the same cell. One potential solution to compensate for 

inter-cell interference is to control the power sent to users based on their location. The use of 

millimeter wave bands has shown improved frequency efficiency in the HAPS system. However, the 

efficiency is not comparable to that of terrestrial cellular systems due to the limitation of the minimum 

cell size in the HAPS system, which is caused by the maximum size of the antenna. Figure 5 illustrates 

the bandwidth of the HAPS system at a fixed data rate and for different signal-to-noise ratios[28, 66] 



 

Figure 5- Minimum bandwidth at a data rate of 10 Mbps for different C/N ratios [16] 

In designing a telecommunication system, the channel model, or the way signal propagation in the 

communication environment is modeled, is crucial. In the HAPS system, fading is always present 

when there is no direct line of sight. Even in direct line of sight, a small amount of fading may occur 

due to reflection from different surfaces. If the receiver is stationary, variations in the received power 

occur due to the relative motion of various factors that cause signal fading. Therefore, the receiver 

adds different signals with different gains and delays together, which can either constructively or 

destructively interfere. [56] [67, 68] 

The satellite communication channel follows the law of free space propagation, where the received 

power delay is a function of the square of the distance between the transmitter and the receiver. The 

HAPS channel is similar to the satellite system in many ways, although the signal loss along its path 

is much less. Low-scale fading usually has a Rician distribution, although in some cases, the Rayleigh 

distribution is assumed for urban areas. Compared to terrestrial systems, the HAPS system has better 

emission properties [27, 51, 53]. 

In the earth station channel model, the power delay is a function of the fourth power of the distance 

between the transmitter and the receiver. In low-scale fading, the Rayleigh model is usually 

considered. In the same conditions, the extinction model in the HAPS system is Rician, and its 

propagation model is similar to the satellite system [21] [60]. 

When it comes to channel modeling, it's important to consider the impact of rain-induced attenuation. 

While this kind of attenuation is not too significant in the 2 GHz frequency band, it becomes very 

noticeable at higher frequencies (20 GHz). Raindrops can cause the signal to break and change its 

path, which results in a reduction of transmission power due to their energy absorption. The figure 

below illustrates the attenuation caused by rain, fog, water vapor, and oxygen in different frequencies 

[31, 47, 50]. 



 
Figure 6 – Attenuation caused by different factors as a function of frequency [17] 

 

The investigations carried out in the HAPS system at 28 GHz frequency have revealed that rain is the 

main cause of signal weakening. To address this issue, various multiple access methods based on user 

categories and traffic in each area have been researched and can be used  .Another crucial issue in any 

telecommunication channel is interference. In the HAPS system, interference is caused by the overlap 

of the main and secondary lobes of the antenna. There are two types of interference: interference from 

HAPS system users, and interference caused by shared bands with terrestrial and satellite systems  .

The form of interference differs between the HAPS system and the ground model. In the ground 

model, the amount of interference is limited, but it is challenging to predict due to the complex 

structure of the ground and existing obstacles. In contrast, predicting interference in the HAPS system 

is easier, as the release in free space allows for more accurate predictions[25, 44, 69] .  The two 

standards, DVB-T and DVB-H, which are used to send and receive multimedia on the ground, depend 

on the structure of the coverage area for proper operation. To cover the central areas, higher or more 

ground stations are used. A high-altitude telecommunication system can come in handy for ground 

stations in such places. This system acts as a repeater or transmitter in the DVB/DAB structure. Such 

stations based in the sky consume less power than ground types, for example, a tower-based in the 

sky of the HAPS type requires 1 watts of power to serve HDTV, while in the same application, a 

ground station requires 1000 watts of power [70-72]. 



.  

Figure 7- Signal interference geometry in HAPS transmission link [17] 

The cell of reference can be found beneath the aerial structure and is supported by the BS0 station. A 

mobile station is situated in the jam cell and besides its link, it also has an interfering link to the 

reference cell. Studies have shown that interference from each cell's four lateral neighbors is typically 

the most impactful [42]. 

4-1-Data transmission and coding methods 

The efficient transmission of data through a telecommunication system and the application of coding 

to improve its performance are crucial. The HeliNet project has investigated the optimal modulation 

method in various techniques like QPSK, QAM, M-APSK, CPM, GSMK, and MA-MSK. The project 

has also studied different error correction coding methods based on signal delay, error rate, and cost. 

The coding methods that were investigated include convolutional, turbo, multiplicative, and RS 

coding methods. Coherent demodulation methods prove useful in the absence of severe fading, and 

using a signal equalizer in low emission angles can improve the system. To increase the flight system's 

efficiency and consume less power, adaptive modulation methods have been implemented. Higher-

order modulations are used in clear weather conditions, which help with the link budget calculations 

alongside the coding methods. The research aims to find an optimal model for combining the 

modulation/coding method under varying signal attenuation conditions. A suitable approach is to use 

adaptive modulation and coding techniques. Due to the HAPS system's centralized structure, the 

flight system's station can determine the optimal modulation/coding model based on each user's 

channel loss [25, 42, 44, 69]. 

Finally, the HAPS system has various applications, including but not limited to: [40] 



 

5-Applications of HAPS system 

The HAPS system has technical indicators that make it ideal for use in various applications. By 

integrating sending and receiving links to the user, along with supporting links such as optical fiber, 

the HAPS system can be used for telecommunication services. Furthermore, the use of inter-system 

links can create a network of HAPS systems, wherein the direct link between HAPS and satellite is 

also used simultaneously[38, 73, 74]. 

 
Figure 8- HAPS telecommunication structure 

Compared to ground-based communication systems, High Altitude Platforms (HAPS) have a much 

higher coverage power. A single HAPS system can perform as well as multiple central ground 

stations. Moreover, obstacles that would normally be problematic for ground-based systems are not 

a limitation for HAPS. In the following, some important applications of the HAPS system will be 

briefly mentioned [75,76]. 

 

5-1-Advantages of using the HAPS system 

Disaster 
Response 



Telecommunication systems located at high altitudes have advantages that are mostly due to their 

location. Some of these benefits are mentioned below [13]. 

*The extent of the covered area: 

The geometry of HAPS has been designed in such a way that the long-range links experience less 

attenuation due to rain compared to terrestrial links. This is because the links pass through a shorter 

path in the atmosphere. This advantage is particularly noticeable in high frequencies, also known as 

millimeter waves, which allow for a better link budget to cover wide areas [17,19] . 

**Low cost : 

A group of HAPS systems has significantly lower setup and maintenance costs compared to a GEO 

or LEO satellite system. Additionally, a network based on HAPS can be developed at a lower cost 

than a terrestrial cellular system that requires a large number of stations. For instance, there will be 

no expenses related to land acquisition, environmental impacts, installation and operation, and 

electrical energy [2, 5, 9, 77]. 

***Ability to develop at high speed : 

The HAPS system enables the service to commence with a small and simple structure that can expand 

rapidly to cover wider areas in the future. This is in contrast to the development process of the LEO 

satellite system, which necessitates a large number of separate satellites to achieve complete 

coverage. To begin the entire system, a significant number of ground stations are required for in-

ground systems [2, 5, 9, 77]. 

5-2- Some active HAPS projects 

Numerous research projects have been conducted worldwide regarding high-altitude wireless 

communication technology. These projects have been carried out in various countries including the 

United States, Japan, and the European Union. Some of the projects include SkyStation, HALO, 

SkyTower, Satellite, SkyNet, and HeliNet. Below is a brief overview of these projects including their 

specifications and operating methods [43]. 

SkyNet in Japan 

The National SkyNet project was a wireless telecommunication initiative implemented by the 

National Science and Technology Administration of Japan and the Ministry of Communications and 

Posts. It involved using a balloon located at an approximate height of 20 kilometers to carry the 

required equipment for telecommunications and environmental control. The system comprised 

multiple balloons and fixed and mobile receiving equipment on the ground. Each flight structure 

covered a radius of 100 km and the section under its coverage was divided into smaller sections with 

a radius [69]. 

Helinet in Europe 

The Helinet project is a three-year initiative that aims to implement a high-bandwidth wireless 

communication system using the HAPS system. The project will analyze the system from various 

aspects. The flying structure of an airplane with a wingspan of approximately 70 meters is capable of 

flying in a circular path at a height of 17 to 20 kilometers, or even remaining stationary. The aircraft 

can move up to 4 km in the horizontal direction and up to 1.5 km in the vertical direction. [53] 



 
Figure 9- HeliNet project architecture [16] 

Current research is being conducted in the field of millimeter wave transmission and propagation. 

The system's ability to support a large number of cells, antenna design, investigation of inter-signal 

interference, and the impact of rain and atmospheric absorption on signals are also being 

examined[16] . 

6-Architecture of HAPS telecommunication systems 

6-1- Network design containing HAPS system 

A HAPS system is designed to offer high reliability, low power consumption, and low equipment 

weight. This design approach puts most of the system's complexity in the ground part. In essence, the 

HAPS system acts as a telecommunications relay between the transmission link and the reception. 

The system itself also acts as a processor, performing complex operations such as information 

multiplexing, antenna beam shaping, and telecommunications signal processing. According to the 

International Telecommunication Union (ITU), each independent HAPS system covers an area with 

a radius of 150 km. For instance, in Japan, a system comprising 16 independent units provides 

nationwide coverage. The figure below illustrates the relationship between the maximum radius of 

the area covered by the HAPS system and its altitude [38]. 

.  

Figure 7- The radius of the maximum covered area as a function of the height of the HAPS system [16] 



The size of the vertical viewing angle has an impact on the coverage area and the risk of radiation 

loss or signal interruption in the border areas. For broadband wireless communication, an angle of 5 

degrees is optimal, but a 15-degree angle is commonly used to avoid signal interruption on the earth's 

surface. This means that a system placed at an altitude of 20 km can provide coverage to a radius of 

200 km. To connect the sky-based system to other ground infrastructures, the ground system can be 

located on the roof of a building. In remote areas without access to ground infrastructure, a satellite 

network is used for connection. For communication between HAPS systems in the sky, an optical 

link is one option that uses compact wavelength multiplexing technology. Although optical 

technology facilitates high-speed data transmission, targeting, and interception remain significant 

challenges. In this context, the FLEXTEC method has been introduced as the optimal solution[78] 

.  

Figure 8- Formation of cells based on area traffic, microcell structure in a and microcell in b [16] 

In cellular networks, one way to improve the system's performance is to divide each cell into separate 

parts. This can be achieved by placing the cell centrally within a circle and dividing the surrounding 

rings into separate parts. An illustration of this division method is shown in the figure9 [17]. 

 

Figure 9- Cell division with two outer circles [17] 

 

6-2   Different HAPS system architectures 



In general, three types of architecture for high-altitude telecommunication systems can be imagined 

based on their network infrastructure, each of which will be briefly reviewed below. [20] 

6-2-1 HAPS system as an independent structure 

The high-altitude system can function as an independent system in many applications. The structure 

of this system is shown in Figure 10[7]  HAPS system architecture can be very diverse and open. In 

the previous examples, the main goal was to provide telecommunication services with high bandwidth 

and sending and receiving from fixed and mobile users on the surface of the earth. Although the 

HAPS system can provide service in various and new applications that may be impossible in the first 

place. An example is weather balloons based on the HAPS system. 

The United States Space Agency has developed high-altitude weather balloons to cover rural areas. 

As you know, rural areas in the United States make up 90% of the land of this country. Therefore, 

equipping this area with low-density telecommunication towers is not very economical. 

 
Figure 10 - HAPS system independently [79] 

In rural and remote areas, setting up and using terrestrial telecommunication systems is not very cost-

effective. In addition, it is not logical to set up a satellite system in a situation where the traffic demand 

is small. In such a situation, a high-altitude system can economically and effectively meet the needs 

of the region. A backup link can establish the necessary connection with the size of the infrastructure 

through the fiber network or satellite .[41] 

6-2-2 -  Ground HAPS system 

As mentioned earlier, 6G has also been proposed by the ITU as a platform for providing sixth-

generation mobile phone services. This system is very competitive in terms of setup cost compared 

to terrestrial cellular systems and can cover a large number of telecommunication cells alone and 

support many users with a low data rate. The following figure shows the structure of this architecture: 

[28] 



 
Figure 11- Ground-type HAPS system [80] 

The wireless sensor network is also one of the other infrastructures that have been proposed for 

integration with the HAPS system. Considering the location of sensor networks in remote and 

inaccessible environments, the advantage of setting up and operating systems at high altitudes 

compared to similar cases based on ground stations is quite evident. An integrated HAP-WSN 

structure is shown in Figure 12, where the HAP system is used as a mobile gateway to compensate 

for multiple handovers between ground stations and a suitable replacement for ground gateways. [74] 

 
Figure 12- HAP-WSN system [81] 

6-2-3 HAPS triple system, satellite, and ground 

The triple network architecture based on HAPS, satellite, and ground system is shown in the 

figure13[44] 



 
Figure 13- Integrated HAPS-satellite-ground station system [82] 

This system consists of a communication link between the high-altitude system, the satellite, and the 

ground station. The most important indicator of this architecture is having the advantages of HAPS 

and satellite structures at the same time. First, the satellite's ability to broadcast globally and broadcast 

the multiple signals received from the fiber links to the HAPS system in the lower part is used [28]. 

7-Research in the future 

Many technologies are introduced every day, whose purpose is to promote the increasing need for 

faster data transfer and high capacity for information communication. Among these, DSL, 3G, 

WLAN, and satellite communication technologies are widely used and are developing and improving 

every day. However, providing a service with a wide bandwidth and minimum propagation delay has 

been one of the important goals of telecommunication designers and engineers. Meanwhile, the high-

altitude system, HAPS, can realize the said goal .  To compare in terms of the development of HAPS 

system applications, it can be compared with satellite communication in the 1960s, and currently, 

only a few practical examples have been implemented. Researchers hope that in the coming years, 

some of the completed projects will come to fruition and prove the usefulness of this system, and 

after that, the first network based on the high altitude system will be formed [22,26,42]. 
In addition to the above, extensive research continues to improve the components of the HAPS 

system, which includes such things as the design of flight and ground station antennas, 

communication channel modeling, HAPS network hybrid architectures, and flight structures with 

greater flight length and higher maneuverability. Reducing power consumption and increasing data 

transmission capacity and other important parts of this system [40]. 
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