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Abstract Aiming at the high dynamic and low throughput of HAPS wireless communication system in network
space, a channel transmission model of HAPS wireless communication system is proposed. Firstly, the antenna
model is established based on the 3dB beamwidth characteristics of the antenna. Secondly, the throughput of the
communication system is analyzed with the Shannon formula. The bit error rate of the communication system is
studied by using Markov chain attributes. Simulation results show that the proposed model is better than the
traditional HSDPA transmission model in terms of performance such as throughput and bit error rate, and the
proposed model is reasonable and effective.
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1. Introduction

High Altitude Platform Stations (HAPS) is a platform that stays in the adjoining space at a height of 20km to
50km and is stationary relative to a specific location on the earth. It can be seen as a communication system
between a land-based communication system and a satellite communication system, aiming to develop the
potential for a high degree of space between land and space benefits, increase communication capacity and
spectrum utilization, reduce system equipment cost and complexity. HAPS has a smaller path fading than
terrestrial communication systems and has a smaller delay than satellite communication systems [1-3].

Research on the HAPS communication system began in the 1960s. The U.S. Echo satellite project facilitated the
passive reflection of broadcast signals with large balloons in orbit [9-10]. With the development of airship
technology, countries have successively launched airship-based communication system research projects or
carried experiments, mainly including: North American SHARP, Sky Station, HALO, European HALE, HeliNet,
CAPANINA, HAPCQS, Japan's SkyNet, etc. [4-5].

The technology involved in the near-space platform communication system is very complex and a new set of
industry standards needs to be developed. The main research results at home and abroad include: 1) Research on
platform mobility. Literature [6-7] studies the potential problems that platform mobility brings to communication
performance. 2) Research on multi-beam cell partitioning. In [8-9], three multi-beam coverage schemes have
been studied and proposed. 3) Platform antenna design. To achieve multi-beam coverage, multiple beam
antennas are used in the near-space HAPS. Because HAPS communication has many advantages that traditional
wireless communication facilities (such as terrestrial and satellite communication systems) do not have, the use
of high-altitude platform wireless communication systems has become the focus of attention in the world. Using
multiple high-altitude communication platforms with the same bandwidth to serve a common area can greatly
increase user capacity and improve spectrum utilization [10-11]. Several kinds of HAPS spot beam structure
channel assignment algorithms have been tested in [12-13], and ground algorithms, especially beam overlap,
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have been further studied. In this paper, the channel allocation algorithm is discussed and the performance of the
algorithm is analyzed. However, this algorithm does not consider Dynamic Channel Allocation (DCA). At the
same time, HAPS CDMA system is proposed under the condition of high load on the network to ensure the
fairness of the call. A dynamic channel allocation algorithm is proposed to effectively reduce the congestion of
the system. Probability guarantees the fairness of the system; however, it does not consider the call interruption
rate and GoS (Grade of Service) comprehensive index. The literature [14] proposes a randomized channel
allocation algorithm for HAPS communication. The algorithm has a simple allocation but does not consider the
service quality of each service and the fairness of allocation is lacking. The study of HAPS in China started late.
Currently, HAPS key technologies such as airships have achieved some breakthroughs, mainly focusing on
HAPS. Key technologies such as networking, emergency mobile communications, and emergency data
broadcasting [14-15]. In addition, there are many scientific researches in China. The organization is engaged in
the research work of HAPS networking communication technology and has achieved certain key technological
breakthroughs in different fields. Literature [15-16] proposed the worst acceptable channel allocation algorithm
for HAPS communication. The algorithm can effectively improve system call blocking performance, but it also
reduces the quality of each call connection. The literature [17-18] addresses the near-space communication
channel model of cell coverage. Literature [19-20] focuses on multipath modeling. In this project, wireless
communication channels will be modeled on the premise of near-space low-velocity aircraft communication. At
the same time, the comprehensive effects of multi-path fading and rain attenuation on low-velocity spacecraft in
the near space are taken into consideration. The factors affecting the channel in the wireless channel are
considered more comprehensively in order to establish a more realistic channel model. The literature [21-22]
considers the wireless network made up of HAPS, and study the influence of horizontal mobility of the platform
from the system level characteristics. In [23-24], it is proposed that for a near-space HAPS, a multi-beam
scanning antenna array using an annular cell is better than a conventional honeycomb. The ring honeycomb can
reduce the influence of the vertical axis rotation of the platform. The disadvantage of this model is that it only
deals with platform motion from the perspective of antenna design and cell coverage. It does not consider HAPS
link characteristics and does not verify the correctness of the model from the link. An adaptive soft-switching
algorithm for HAPS is proposed in [24-25]. This algorithm adjusts the mobile terminal based on the downlink
output power of the platform and the downlink output power of each base station considering only the platform
mobility. It is clear that there is no inherent solution to the impact of platform instability on HAPS performance
from the link.

2. Traditional HSDPA transmission model

In the HAPS wireless communication system, HAPS is deployed in a space of 20km to 50km.There will be
various forms of interference and noise. Figure 1 is the HAPS downlink geometry [22-23].
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Figure 1: Geometrical diagram of HAPS downlink spatial interference
The carrier-to-noise and interference ratio (CNIR) can be expressed as:
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In the above equation, Gp is the HAPS wireless communication link gain, F’ru is the received signal power,
Pintra
received thermal noise power.

According to the Shannon formula, the theoretical upper limit of spectrum efficiency can be obtained:

n=1log,(1+CNIR) 2)

The path loss L of the HAPS communication system can be expressed as:

47d .
L(dB) =20 |091o (TJ + LBPL + Lshd - Gant—HAP (dB)

is the interference within the wireless unit, P

) o IS the interference between the units, and e P is the

In the above equation, d is the distance between the HAP and the user, A is the wavelength, Ly, is the extra

penetration loss, Ly, is the shadow masking loss, and e G, ,,.p is the antenna gain of the HAP.

3. HAPS High Dynamic Transmission Model
In the HAPS wireless communication system, it is also crucial to obtain high-performance communication
performance of its antenna. The aperture of the antenna main lobe can be approximated as:

D =D, (cos8)" )

In the above formula, @ is the pitch angle of the transmitting antenna. If the low side-lobe situation its peak can
be expressed as:

32In2
D=D,, =— (4)
O™ + hoge

The antenna 3dB beamwidth can be expressed as:

0,5 =arccos(¥Y1/2) (5)
Combined with (3) ~ (5), D can be expressed as:

32In2
D =(cos )" (6)
2[arccos(Y1/ 2)]

The transmission model of the HAPS wireless communication system is shown below.
(1) yit)

Channel A
Channel B
Block Signal

Figure 3: HAPS system model
The direct channel model in Figure 3 is also a line of light (LOS) signal, which is a low-pass filter. The state
transition diagram in Figure 3 is a finite state machine with Markov chain attributes.
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In the HAPS wireless communication system, the average bit error ratio (BER) of the receiving node can be
expressed as:

Py =2 P(E| j&i)P(j &) @
=0
P(j &i) can be expressed as:

P(j &i)=[;JF’e£(1— Pr)"” ©)
P = [ Pe(n)ok (7)dy (10)
7z
1 ¢»
Pe(==]; lzexp[—si n72 e)de (11)

The transmission model of the wireless communication system plays a key role in the influence of throughput.
that in a wireless HAPS wireless communication system, it is necessary to achieve reasonable allocation of M
subcarriers by Q users. For each sub-user system, due to the different propagation paths, subcarriers that are
severely fading for a user may have higher channel response gains for other users. The throughput of the m-th
subcarrier can be expressed as:

2
a’P
C,=B,log,(1+—=" 12
m =B, 109, ( NOBOF) (12)
The total throughput of M subcarriers is:
M aZP
C =B log,(1+—"T 13
. Z %0+ B (13)

4. Simulation and Analysis

We assume that the HAPS is located 20km above the earth's surface, the system bandwidth B is 12MHz, and the
noise power W. The beam emission power is 35mW. The path loss is free space loss with a loss factor of 1.0bey
the logarithm is too faint distribution, the standard deviation is 2dB. The system throughput under different
carrier counts is shown in Figure 4.
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Figure 4: Throughput with different carrier counts
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In Figure 4, the number of carriers in the system is assumed to change from 2 to 138. As the number of carriers
increases, their respective system throughputs show an upward trend. However, the model constructed in this

paper is superior to the traditiona

| HSDPA transmission model.
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Figure 5: Throughput of different times
In Figure 4, the system time changes from 2 to 20. With the increase of the loading time, the respective system
throughput is presented. The upward trend, but after the peak, it will show a downward trend. However, the
system throughput of the model constructed in this paper is better than that of the traditional HSDPA
transmission model.
The BER change rate of HAPS wireless communication system is shown in Figure 6.
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Figure 6: Bit Error Rate at Different Powers
From Figure 6, it can be seen that as the ratio of the transmitted power to the noise power increases, the bit error
rate of its communication system gradually decreases. But at the same ratio of transmit power to noise power, the
system model proposed in this paper is superior to the traditional model.

5. Conclusion

This article starts with the HAPS characteristics, analyzes in detail its communication performance and the
research status at home and abroad and the current. The main key scientific and technical issues based on the
analysis of the traditional HAPS system model, the channel transmission model was constructed.The superiority
of the proposed model is demonstrated from the two main aspects of throughput and bit error rate. The next step
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is to start with the characteristics of the rain attenuation of the HAPS system. Study the three-dimensional
characteristics of its scattering system and build a MIMO communication mechanism.
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